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ends 48 protruding out of these links 32 ( FIGS . 5 and 6 ) . One strength that is equal to or greater than a strength provided 
hemi - rod ( ball ) 44 is inserted into one connecting link 32 , by conventional pedicle screws without the complications 
and the other hemi - rod ( trough ) 42 is inserted into the arising from pedicle screw placement , which can include , 
adjacent connecting link 32 . The placement of the ball 44 for example , misplacement with potential nerve and / or vas 
against the trough 42 can be optimized for flexibility . Next , 5 cular injury , violation of healthy facets , and possible pedicle 
the threaded tightening nuts 46 are secured to either of the destruction . By placing the exemplary HTCNs 10 horizon 
threaded ends 48 of the rod components 44 , 42 of the tally across the vertebral body , and not into the vertebral 
hemi - connecting bars 40 . These exemplary constructs can bodies via the transpedicular route thereby excluding the 
effectively link two adjacent HTCNs 10 together in a flexible posterior spinal column , then healthy facet joints and 
manner effectively achieving rigid fusion of two adjacent 10 pedicles can be preserved . The exemplary HTCNs 10 can 
vertebrae . With respect to the HTCN embodiments with include predetermined curved angles to avoid laterally exit 
screw caps 16a , 16c , once the construct is created , the screw ing nerve roots . Furthermore , with respect to patients who 
caps 16a , 16c can be fastened and tightened to the superior already have had pedicle screws , with concomitant pedicular 
ends 166 , 16d of the body 12 of the HTCNs 10 which destruction , the placement of the exemplary HTCNs 10 can 
protrude from outside the inferior perforations 50 of the 15 be employed as a salvage procedure achieving segmental 
connecting bar links 32 , thereby securing the head 16 of the fixation without , for example , having to engage additional 
HTCN 10 to the inferior perforation 50 of the connecting bar rostral and caudal vertebrae transpedicularly , unnecessarily 
link 32 . lengthening a spinal fusion , and adding more operative risk 

With reference to FIGS . 1A - 3D and 7A - 8D , exemplary per fused level . 
methods and surgical steps for practicing one or more of the 20 Furthermore , because of the orientation and length of the 
exemplary embodiments of flexible connecting bar con - exemplary HTCNs , multiple level fusions can be easily 
structs will now be described . performed . 

An example of a method or surgical procedure performed The present invention has been described herein in terms 
when choosing the flexible , ball and trough , head - head , of several preferred embodiments . However , modifications 
rod - HTCN construct ( Embodiment III ) begins with implan - 25 and additions to these embodiments will become apparent to 
tation of the HTCNs 10 into the lateral vertebral body 100 those of ordinary skill in the art upon a reading of the 
( FIGS . 2 and 3 ) . One of five exemplary embodiments of foregoing description . It is intended that all such modifica 
HTCNs 10 , or other suitable arrangements , can be chosen tions and additions comprise a part of the present invention 
( FIGS . 1A - H ) . Next , the HTCNs 10 are tapped / screwed into to the extent that they fall within the scope of the several 
the vertebral body 100 using a tamp and / or a screw driver , 30 claims appended hereto . 
or other suitable tool or device . Fluoroscopy / x - ray / naviga - Like numbers refer to like elements throughout . In the 
tional image guidance can be used to confirm the entry point figures , the thickness of certain lines , layers , components , 
into the mid vertebral body , as well as the ultimate inner core elements or features may be exaggerated for clarity . 
mid - vertebral destination of the tapered end ( pointed tip 14 ) The terminology used herein is for the purpose of describ 
of the HTCN 10 . With posterior implantation , the pointed tip 35 ing particular embodiments only and is not intended to be 
14 of the HTCN 10 will often , but not always , traverse and limiting of the invention . Unless otherwise defined , all terms 
perforate the transverse process ( processes ) 102 en route to ( including technical and scientific terms ) used herein have 
its entry point into the mid - lateral vertebral body 100 . Other the same meaning as commonly understood by one of 
trajectories also can be used . Once two or more adjacent ordinary skill in the art to which this invention belongs . It 
HTCNs 10 are successfully implanted into two adjacent 40 will be further understood that terms , such as those defined 
vertebral bodies 100 , then the heads 16 of the HTCN 10 are in commonly used dictionaries , should be interpreted as 
placed into the inferior perforations 72 of two adjacent having a meaning that is consistent with their meaning in the 
connecting bar links 66 ( e . g . , see FIGS . 7 and 8 ) . context of the specification and relevant art and should not 

The threaded flexible HTCN connecting bar 60 is then be interpreted in an idealized or overly formal sense unless 
inserted into the superior perforations 74 of the adjacent 45 expressly so defined herein . Well - known functions or con 
connecting bar links 66 with at least a portion of the threaded structions may not be described in detail for brevity and / or 
ends 68 protruding out of these links 66 ( FIGS . 7 and 8 ) . One clarity . 
hemi - rod ( ball ) 64 is inserted into one connecting link 66 , As used herein , the singular forms “ a ” , “ an ” and “ the ” are 
and the other hemi - rod ( trough ) 62 is inserted into the intended to include the plural forms as well , unless the 
adjacent connecting link 66 . The placement of the ball 64 50 context clearly indicates otherwise . It will be further under 
against the trough 62 can be optimized for flexibility . Next , stood that the terms " comprises ” and / or “ comprising , ” when 
the threaded tightening nuts 70 can be secured to either used in this specification , specify the presence of stated 
threaded end 48 of the rod components 64 , 62 of the features , integers , steps , operations , elements , and / or com 
hemi - connecting bar 60 . This exemplary construct can effec - ponents , but do not preclude the presence or addition of one 
tively link two adjacent HTCNs 10 together in a flexible 55 or more other features , integers , steps , operations , elements , 
manner effectively achieving flexible segmental fusion of components , and / or groups thereof . As used herein , the term 
two adjacent vertebrae . With respect to the HTCN embodi " and / or ” includes any and all combinations of one or more 
ments with screw caps 16a , 16c , once the construct is of the associated listed items . As used herein , phrases such 
created , the screw caps 16a , 16c can be fastened and as “ between X and Y ” and “ between about X and Y ” should 
tightened to the superior ends 160 , 16d of the HTCNs 10 60 be interpreted to include X and Y . As used herein , phrases 
which protrude from outside the inferior perforations 72 of such as “ between about X and Y ” mean “ between about X 
the connecting bar links 66 , thereby securing the head 16 of and about Y . ” As used herein , phrases such as “ from about 
the HTCN 10 to the inferior perforation 72 of the connecting X to Y ” mean “ from about X to about Y . " 
rod link 66 . It will be understood that when an element is referred to 

The exemplary embodiments of the Horizontal Curvilin - 65 as being " on " , " attached ” to , “ connected ” to , “ coupled ” 
ear Transvertebral Nail - screws ( HTCNs ) described herein with , " contacting ” , etc . , another element , it can be directly 
can provide a segmental vertebral spinal fusion that has a on , attached to , connected to , coupled with or contacting the 
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other element or intervening elements may also be present . 3 . The spinal fusion implant of claim 1 , wherein the first 
In contrast , when an element is referred to as being , for m eans for engaging a first cancellous core of the first 
example , " directly on ” , “ directly attached ” to , “ directly vertebral body and the second means for engaging a second 
connected ” to , “ directly coupled ” with or “ directly contact cancellous core of the second vertebral body comprise 
ing ” another element , there are no intervening elements 5 radially arranged fish - hooks . 
present . It will also be appreciated by those of skill in the art 4 . The spinal fusion implant of claim 1 , wherein the first 
that references to a structure or feature that is disposed means for engaging a first cancellous core of the first 
“ adjacent ” another feature may have portions that overlap or vertebral body and the second means for engaging a second 
underlie the adjacent feature . cancellous core of the second vertebral body comprise 

Spatially relative terms , such as " under " , " below ” , 10 threads . 
" lower " , " over " , " upper " , " lateral ” , " left ” , “ right " and the 5 . The spinal fusion implant of claim 1 , wherein the first 
like , may be used herein for ease of description to describe curvilinear nail - screw comprises a first smooth portion 
one element or feature ' s relationship to another element ( s ) between the first head and the first distal portion and wherein 
or feature ( s ) as illustrated in the figures . It will be under the second curvilinear nail - screw comprises a second 
stood that the spatially relative terms are intended to encom - 15 smooth portion between the second head and the second 
pass different orientations of the device in use or operation distal portion , and wherein the first means for engaging a 
in addition to the orientation depicted in the figures . For first cancellous core of the first vertebral body and the 
example , if the device in the figures is inverted , elements second means for engaging a second cancellous core of the 
described as “ under ” or “ beneath ” other elements or features second vertebral body each comprise one or more ridges . 
would then be oriented “ over ” the other elements or features . 20 6 . The spinal fusion implant of claim 1 , wherein the 
The device may be otherwise oriented ( rotated 90 degrees or connecting support comprises at least first and second sepa 
at other orientations ) and the descriptors of relative spatial rate components , wherein the first component defines the 
relationships used herein interpreted accordingly . first hole for the first curvilinear nail screw , and wherein the 

first component is connected directly to the second compo 
What is claimed is : 25 nent . 
1 . A spinal fusion implant comprising : 7 . The spinal fusion implant of claim 6 , wherein the 
a first curvilinear nail - screw for penetration and implan - connecting support comprise a third component that defines 

tation into a first vertebral body along a first curved the second hole for the second curvilinear nail screw and 
trajectory that avoids penetrating pedicles , wherein the wherein the third component is connected directly to the 
first curvilinear nail screw extends from a first proximal 30 second component . 
end to a first distal end along the first curved trajectory 8 . The spinal fusion implant of claim 1 , wherein the 
with a first head at the first proximal end and a first bone connecting support structure is a bar . 
penetrating pointed tip at the first distal end , wherein 9 . The spinal fusion implant of claim 1 , wherein the first 
the first curvilinear nail - screw comprises first means for and second curvilinear nail - screws are oriented by the 
engaging a first cancellous core of the first vertebral 35 connecting support structure to be introduced laterally into 
body positioned along a first distal portion of the first the first and second vertebral bodies . 
curvilinear nail - screw proximate the first distal end , 10 . The spinal fusion implant of claim 1 , wherein the first 
wherein the first curved trajectory is along a first single and second curvilinear nail - screws are oriented by the 
continuous arc ; connecting support structure to be introduced posteriorly 

a second curvilinear nail - screw for penetration and 40 into the first and second vertebral bodies . 
implantation into a second vertebral body along a 11 . The spinal fusion implant of claim 1 , wherein the first 
second curved trajectory that avoids penetrating and second curvilinear nail - screws are oriented by the 
pedicles , wherein the second curvilinear nail screw connecting support structure to be introduced anteriorly into 
extends from a second proximal end to a second distal the first and second vertebral bodies . 
end along the second curved trajectory with a second 45 12 . The spinal fusion implant of claim 1 , wherein the first 
head at the second proximal end and a second bone and second heads comprise first and second caps . 
penetrating pointed tip at the second distal end , wherein 13 . The spinal fusion implant of claim 1 , wherein the 
the second curvilinear nail - screw comprises second connecting support structure is sized and configured to be 
means for engaging a second cancellous core of the positioned exterior to the first and second vertebral bodies 
second vertebral body positioned along a second distal 50 when connecting the first and second curvilinear nail - screws 
portion of the second curvilinear nail - screw proximate while the first and second curvilinear nail - screws penetrate 
the second distal end , wherein the second curved tra - into the first and second vertebral bodies . 
jectory is along a second single continuous arc ; and 14 . The spinal fusion implant of claim 1 , wherein the first 

a connecting support structure defining a first hole sized curvilinear nail - screw shares a first centerline axis with the 
and configured for receiving the first curvilinear nail 55 first hole where the first curvilinear nail - screw extends 
screw and a second hole sized and configured for through the first hole and wherein the second curvilinear 
receiving the second curvilinear nail screw such that nail - screw shares a second centerline axis with the second 
the first curvilinear nail - screw is held with respect to hole where the second curvilinear nail - screw extends 
the second curvilinear nail - screw with the first curvi - through the second hole . 
linear nail - screw extending into the first vertebral body 60 15 . The spinal fusion implant of claim 1 , wherein the first 
without penetrating pedicles and the second curvilinear and second curvilinear nail - screws connect to the first and 
nail - screw extending into the second vertebral body second holes of the support structure at curved portions of 
without penetrating pedicles . the first and second curvilinear nail - screws . 

2 . The spinal fusion implant of claim 1 , and further 16 . The spinal fusion implant of claim 1 , wherein the first 
comprising first and second rotatable connectors configured 65 curvilinear nail - screw is curved from the first proximal end 
for retaining the first and second curvilinear nail - screws to to the first distal end including a portion of the first curvi 
the connecting support structure . linear nail - screw connected to the connecting support struc 
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ture and the second curvilinear nail - screw is curved from the in the second cancellous core when implanted , wherein 
second proximal end to the second distal end including a the second curved trajectory is along a second single 
portion of the second curvilinear nail - screw connected to the continuous arc ; 
connecting support structure . connecting the first curvilinear nail - screw to the second 

17 . A method of implanting a spinal fusion implant , the 5 curvilinear nail - screw via a connecting support struc 
ture such that the first curvilinear nail - screw is held method comprising : with respect to the second curvilinear nail - screw with implanting a first curvilinear nail - screw to penetrate into the first curvilinear nail - screw extending into the first a first vertebral body along a first curved trajectory that vertebral body without penetrating pedicles and the 

avoids pedicles , wherein the first curvilinear nail screw second curvilinear nail - screw extending into the second 
extends from a first proximal end to a first distal end vertebral body without penetrating pedicles . 
along the first curved trajectory with a first head at the 18 . The method of claim 17 , wherein the first curvilinear 
first proximal end and a first bone penetrating pointed nail - screw penetrates into the first vertebral body so as to 
tip at the first distal end , wherein the first curvilinear traverse no more than 50 % of the first vertebral body and the 
nail - screw comprises first means for engaging a first 15 second curvilinear nail - screw penetrates into the second 

15 vertebral body so as to traverse no more than 50 % of the cancellous core of the first vertebral body positioned second vertebral body . along a first distal portion of the first curvilinear 19 . The method of claim 17 , wherein the first and second nail - screw proximate the first distal end , wherein the 
first head is positioned exterior to the first vertebral curvilinear nail - screws penetrate into the first and second cu 
body and the first distal portion is positioned in the first 30 vertebral bodies without traversing an intervertebral disk . 
cancellous core when implanted , wherein the first 0 20 . The method of claim 17 , wherein the first means for 
curved trajectory is along a first single continuous arc ; engaging a first cancellous core of the first vertebral body 

implanting a second curvilinear nail - screw to penetrate and the second means for engaging a second cancellous core 
into a second vertebral body along a second curved of the second vertebral body comprise radially arranged 
trajectory that avoids pedicles , wherein the second fish - hooks . 
curvilinear nail screw extends from a second proximal 25 21 . The method of claim 17 , wherein the first means for 
end to a second distal end along the second curved engaging a first cancellous core of the first vertebral body 
trajectory with a second head at the second proximal and the second means for engaging a second cancellous core 
end and a second bone penetrating pointed tip at the of the second vertebral body comprise threads . 

22 . The method of claim 17 , wherein the first and second second distal end , wherein the second curvilinear nail 30 curvilinear nail - screws are introduced laterally into the first screw comprises second means for engaging a second 
cancellous core of the second vertebral body positioned and second vertebral bodies . 
along a second distal portion of the second curvilinear 23 . The method of claim 17 , wherein the first and second 
nail - screw proximate the second distal end , wherein the curvilinear nail - screws are introduced anteriorly into the first 
second head is positioned exterior to the second ver and second vertebral bodies . 
tebral body and the second distal portion is positioned * * * * 
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