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(57) Claim

1. An external jig for centering the axis . a
transverse bolt hole in an intramedullary nail (10) that
has been implanted in the medullary cavity of a fractured
elongate limb, said jig comprising:

- a template structure having an elongate distally
extending first part (11) and an elongate proximally
extending second part (12);

- an offsetting support arm (13) so connected at one
end tc said second part (12) as to establish an offset
direction (13') which 1is normal to the elongation
direction of said second part (12);

- chucking means (20, 21) at the other end of said
support arm (13) for detachably rigid connecting said arm
(13) to the proximal end of the intramedullary nail (10)
so that the axis of said nail extends in a direction
substantially parallel to said second part (12) and
defines with said offset direction (13') a geometric
first plane (V);

- said first template part (11) having a guide bore
(24) that 1is parallel to the offset direction (13') of

said arm (13);
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characterized in that it further comprises means (35) for
movably connecting said first part (11) to said second
part (12) so as to enable relative movement of said first
part (11) in a geometric second plane (Q) normal to said
first plane (V), means being provided for controllably
adjusting the position of said first part (11) with
respect to sald second part (12) to selectively align
said guide bore (24) with said transverse bolt hole (22)
of said nail (10). A

Ry g o




The following statement Is a full description ‘of this invention including the best
method of performing it known to me:-

@ @ 4 ? ? 3 P/00/011
. Rogulatxon 3.2
AUSTRALIA
i Patents Acr 1990
FOR A STANDARD PATENT
. ORIGINAL
‘ NOTICE
2 .v 1. The specification should describe the invention in full and the bast method of
performing it known to the applicant.
v 2. . The specification should be typed on as many sheets of good quality A4
. International size paper as'are necessary and inserted inside this form.
3.  Theclaims defining the invention must start on a new page. If there is
insufficient space on this form for the claims, use separate sheets of paper.
The words “The claims defining the invention are as follows" should appear
before claim 1. After the claims the date and the name of the applicant should
- appear in block letters.
_ 4.  This form must be accompanied by (a) a true and exact copy of the
v description, claims and drawings (if any) and (b) an additional copy of the
¢ claims.
: st (see Pamphlets explaining formal requirements of specifications and drawings) ;
|
. |
o 3
1 TO BE COMPLETED BY APPLICANT !
$
ORTHOFIX Srl
NAME Of APPICANT: ..o e st s . i
.. B . - %
| Actual Inventor(s): .....Giovanni FACCIOLL & ...Stefano ROSSE . @@, i
1 S OSSOSO ‘
_ . HALLIDAYS :
| f Address for Service: 44 ASHLEY STREET. HORNSBY (
N.SW. 2077, AUSTRALIA "
L b eererieererentbiersestaesaesneabsaiinetentetsnneiraie ereiasesihessareasassd!  bobestssesasieneesteseiestsasariarsaserensenseiasensieieasainans
. . . CENTERING MEANS
INVENtion Title: eV 2 MEANS FOR HOLES OF INTRAMEDULLARY NAILS
Details of Associated Provisional AppliCationS: NOS: ... cessesesessteesessssens




,..“_

CENTERING MEANS FOR
HOLES OF INTRAMEDULLARY NATLS

Background of the Invention

This invention relates to centering means for holes of
intramedullary nails, of the type used in bone surgery.

For the surgical repair and stabilization of fractures
of long bones, such as the femur, tibia, humerus and fibula,
it has long been known to insert an intramedullary nail of
appropriate length into the medullar cavity, and to anchor
bone fragments to the nail. Anchorage is achieved by means
of bolts or pins which are screwed into the walls of the
bone on opposite sides of the medullary cavity, and these
bolts or pins pass through transverse holes located in the
vicinity of the proximal and distal ends of the
intramedullary nail. The anchoring bolts are held in
position until confronting edges of the broken bone have
completely grown back, and are then extracted to allow the
intramedullary nail to be removed. The procedure for
inserting the holes requires (a) accurate location of the
transverse holes. in the intramedullary nail, (b) drilling
through the cortical and spongy tissue of the bone to
provide passages for the bolts, and (c) inserting bolts in
such a way as to secure the nail in a suitable position with
respect td‘the bone fragments.

The most critical part of this procedure is to
determine, from outside, the location and center of so-
called blind holes in the nail; this must be done with the
maximum possible accuracy in order to avoid any misalignment
of drilled holes and repeated drilling of the bone.

The known method of centering provides for the use of a
drilling mask or frame consisting of a longitudinal template
which can be attached to the intramedullary nail at its
proximal end and which is provided with holes to house
bushes for drilling the bone at positions aligned with the
holes in the nail. ,

The centering of holes toward the proximal end of the
intramedullary nail, close to the area of attachment to the
frame, is a relatively simple operation which does not give




rise to any special problems. On the other hand, the
centering of blind holes near the distal end of the
intramedullary nail is very much more difficult because ot
the elasticity of the template, and play in the vicinity of
coupling between the frame and the intramedullary nail.

A great many centering devices have been proposed,
using orientable drilling bushes or a more rigid drilling
template with less play in the frame/nail coupling.

However, none of these proposed arrangements have been
sufficiently rigid; as a result, these proposed arrangements
do not ensure the accuracy which is needed for repeatable
precision drilling at the distal end of the nail.

It should also be noted that all the known centering
devices mentioned above require an X-ray source, which is
used by the surgeon to check the hole location with respect
to the outer surface of the patient's limb.

The known techniques are hazardous because they require
the patient and healthcare personnel surrounding him to
suffer repeated and prolonged exposure to X-rays, which are
well known to be harmful beyond certain limits, but which
cannot be switched off without compromising the final result
of an operation. Also, X-rays cannot be used to accurately
establish the axial orientation of a hole with respect to
the external surface of the limb because the X-ray image is
projected onto a plane and cannot be used for a clear
deternination of any errors in the inclination of the hole.

United States Patent No. 4,667,664 discloses a
centering device for the blind holes of an intramedullary
nail, wherein a bar supports an X-ray aiming device at one
end and the intramedullary nail at the other end; the device
is provided with a stabilizing member comprising an arm
which connects a median portion of the bar to an
intermediate point, between the proximal and distal ends of
the nail. But even this device is not sufficiently stable
with respect to the distal end of the nail, and therefore
the device does not offer maximum assurance of accuracy and
stability in the drilling of bone at a distal location.
Also, this device again makes use of X-rays, and is
therefore unreliable and unsafe. |

In our copending Italian application VR92A4000081, filed
September 22, 1992, we disclose an improved hole-centering
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device and technique for locating blind distal-end holes in
an installed intramedullary nail, whereby use of X-rays is
avoided. The disclosure of said copending application is
hereby incorporated by reference. However, it is helpful
here to summarize that, in said copending application, a jig
is detachably secured to the proximal end of an installed
intramedullary nail having a transverse bolt hole near the
distal end of the nail. The jig comprises an offsetting arm
which so mounts an elongate template that its distal end can

be flexibly deflected in a geometric plane substantially
parallel to the nail. A guide bore near the distal end of
the template is on an axis perpendicular to the gecometric
plane. When the jig is chucked to the nail, the axis of the
guide bore of the template is parallel to the axis of the
bolt hole of the nail, and both the guide-bore axis and the
' bolt-hole axis 'are at identical distances from the

. offsetting arm. The distal end of the template is adapted
| cea to removably mount a metal-detector or probe establishing a

magnetic field about a directional axis, such that the
metal-detector can be selectively moved or positioned on one
and then on the other side of a central location in which
. the template is locally effectively parallel to the nail.
Template positions ncted for equal detector signals on
opposite sides of the central location enable determination

A of the central location and therefore the point at which the
template guide bore is in axial alignment with the bolt hole
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of the nail. As disclosed in said copending application, a
fixed reference must be first established to the distal end

SR

'; of the involved bone, for support of the otherwise
cantilevered distal end of the flexibly deflectable
template, with provision for controlled measurable
deflection and subsequent clamping of the template to the :
fixed referance, once the center point has been identified §
as the half-way location between the two points at which the :

; two equal signals were obtained. ) 1

Brief Statement of the Invention
It is an object of the present invention to provide an
improved apparatus and technique for location of blind holes
in an installed intramedullary nail, without requiring use
of X-rays. |
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A specific object is to achieve the above object
without requiring flexible deflection of a template or any
other part of the apparatus.

Another specific object is to meet the above objects
with a single template construction which is universally
applicable to the location of blind intramedullary-naii
holes, for a range of sizes of intramedullary nails and for
establishing drill-hole alignments of both distal-end and
proximal-end holes throughout suchk a range.

A further specific object is to meet the above objects
with apparatus which does not require a fixed distal-end
reference to an afflicted bone, for the ascertainment of a
correctly centered distal drill-hole alignment of a blind
distal bolt hole of an intramedullary nail.

It is also a specific object to provide such an
improved apparatué with an adjustably displaceable template,
and incorporating the feature of digitally displaying a
calculated nail center so that adjustment can be made to the
point of matching the instantaneous template position to the
displayed caiculated value.

The invention achieves these objects, for the case of
an intramedullary nail having proximal and distal ends, with
plural transverse holes close to these ends, by providing a
jig or frame structure for supporting drill guides from
outside the involved limb. The frame comprises a two-part
: elongaté template wherein a distal part has'pivotable
articulated connection to a proximal part. The distal part
has transverse guide bores for drilling tools, and these
guide bores are spaced to accord with at least the spacing
of a pair‘of‘the transverse holes of the‘intramedullary
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nail. The frame further comprises a transverse or
offsetting arm for removable attachment to the proximal end
of the nail‘and for removable attachment to the proximal i
part of the templéte, such that the proximal part of the 'lI‘
template is parallel to the nail, with the distal part of ‘ ?
the template displaceable in a geometric plane which is

normal to the direction of arm offset, with distal-end
“template bores at approximately ﬁqual offset from and for _
potential alignment with holes of the nail. Adjustment of =
articulated displacement of the template parts about the

pivot axis is precisely sensed and is presented as a
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numerical display of instantaneous positional value. a

metal-detecting instrument carried near the distal end of

3 the distal part of the template is capable of detecting and
1 calculatihg the "center" position wherein guide-hole axes at
the distal end of the template are sufficiently aligned for
local blind intersection with the axis of the nail and
therefore for alignment with the axes of transverse holes at
the distal end of the nail; output of this instrument is a
calculated numerical display of the correctly "centered"
position, and the operator moves the distal part of the
template until the displayed instantaneous-position value
‘matches the display of the calculated "center" position.

Detailed Description of a Preferred'Embodiment
T e The invention will be described in detail, in
et conjunctioh with the accompanying drawings, in which:

. Fig. 1 is a view in side elevation of a jig of the

teee invention in operative position with respect to an

Zf : intrameduilary nail, shown in application to a bone between

8 distal and proximal fragments of the bone; _ /
Fig. 2 is a plan view of jig components of Fig. 1;

. Fig. 3 is an enlarged fragmentary plan view, partially

in section, for articulated parts of the jig of Figs. 1 and

el Fig. 4 is a similarly enlarged fragmentary side-

\ elevation view, partially in section, for the articulated

parts of Fig. 3, Whérein the viewing aspect 4-4' follows a

course via pivot axes a, b of Fig. 3; '
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Fig. 5 is a view from the aspect 5-5' of Fig. 3, taken

on a course via pivot axes a, b, ¢ of Fig. 3; . §
Fig. 6 is a diagram to illustrate electrical signal o ’

. output of a metal-detector component of the jigrof Fig. 1; ' i

TR

Fig. 7 is a simplified electrical block diagram of

i circuitry involved in operation of the invention; and

- 'Fig. 8 is a view in side elevation, similar to Fig. 1

'_bﬁt showing a different arrangement of parts. |

The hole-centering ueans or jig of the invention is

seen in Fig. 1 in application to a lione (phantom outline)
having a fracture F between lonqitudinalgendsléfbthe bone,

-and an intramedullary nail 10 will be understood to be _
positioned in the medullar cavity for repair of the fracture




F; nail 10 is of metal, preferably stainless steel. The jig
comprises template structure jn the form of an elongate
distally extending first part 11 and an elongate proximally
extending second part 12 having generally central
articulating connection via a pivot axis a which is in the
vertical plane of symmetry of the section of each of the
parts 11, 12.

Use of the terms "vertical" and "horizontal" herein
will be understood to be solely to enable a more simple
description of parts and their relationship, inasmuch as
there is no requirement of the invention that parts should
be necessarily gravitationally vertical or horizontal.

Thus, for simpler presentation, Fig. 1 is describable as a
side-elevation view of parts which are in a "vertical"
planeV, namely the plane of the drawing, and the "horizontal"
direction will be understood to apply to the right-left
direction of parts of Fig. 1, while the horizontal plane Qis
taken as a plane normal to the plane of the paper and
including, for example, the central axis of the elongate
parts 11, 12.

The preferably identical cross-section of =2ach of the
parts 11, 12 may be octagonal, the product of aluminum
extrusion, wherein the vertical height H exceeds the lateral
width W by a factor of 3:2, thus providing a greater cross-
sectional moment of inertia in the vertical plane for
resistance against droop of cantilevered structure, as well
as a substantial but lesser moment of inertia in the
horizontal plane, for resistance against lateral bendiag
along the length of either of parts 11, 12.

A rigid offsetting arm 13 comprises front and back
plate parts 14, 15 which are releasably clamped to each
other, as by bolts 16, and to the distally extending part
12, the particular longitudinal location of clamping the
upper end of arm 13 to part 12 being a matter of choice of
registration of a transverse-bore alignment 17 with a

selected one of plural such bore alignments 18 at preferablyf

equal spacings S, along the length of the proximally
extending part 12. A manually operated knob 19 is the bead
of a shank or pin for assuring that the fixed connection of

arm 13 is at a precisely selected location along part 12. -
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At its lower end, arm 13 is secured to chuck mechanism,
associated wlth a mandrel 20 and with manual means 21 for
operating the chuck mechanism for releasable engagement to
and axial alignment with the proximal end of the
intramedullary nail 10. This chucked engagement will be
understood to involve coacting keying features of nail 10
and of the chuck mechanism, whereby the transverse
alignments of distal-end bolt holes 22, 22' and of proximal-
end bolt holes 23, 23' in nail 10 are all in the vertical
plane of symmetry cr the elongate parts 11, 12 of the
template structure. Thus, as long as nail 10, arm 13 and

the proximally extending part 12 are locked in substantially

the same vertical planeV, articulated pivoting of the
distally extending part 11 is in a horizontal plane|that is
parallel to the axis of nail 10 or, at least to the axis of
nail 10 at its region of chucked support‘by mandrel 20 at

‘the lower end of arm 13. It will also be observed at this

juncture that a fixed and precisely defined longitudihal
distance S, is defined between the axis of the nail bolt
hole 23 and the right-angle related axis 13' of selective

" location (via axis 17) of arm-13 clampihg to the proximally

extending part 12. And it will be further observed that a
fixed longitudinal spacing S; exists between the pair of

distal-end bolt-hole centers of nail 10, between the pair of

proximal-end bolt-hole centers of nail 10, and between
centers for guide-sleeve clamping bores 24, 24' at the

distal end of the distally extending part 11 of the template.

structure.

This fixed spacing S, accords with the standard spacing
between bone-screw‘ciamp features at the respective
longitudinal ends of an external fixator, which will
ultimately be relied upon to fixedly retain the broken
halves of the fractured bone.

A clamp arm 25 having hinge connection at 26 to
part 11 is actuable by manually operated means 27 into
positively retained and'oriented location of such sleeves
(not shown) for later drill guidance within the respective
sleeves and on the vertical alignments of axes 24, 24'.

The distal-end clamp bores 24, 24' will be understood
to be at the same longitudinal spacing from the
perpendicular axis 13' of arm 13 as are the correspoiuiing
distal-end bolt-hole alignments at 22-22' of nail 10. And
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at the midpoint between bores 24, 24', the distal-end clamp
includes a third bore 29 that is sized for adjustably
mounting the elongate stem 30 of a metal-detector device or
prohe 31, with the central axis of stem 30 parallel to axes
of bores 24; 24'. The device 31 is preferably of known
magnetic construction wh-rein first and second like windings
32, 32' are developed in spaced relation on a ferrite core
33, near the lower end thereof. The upper half of stem 30
may be of aluminum tubing, containing excitation leads
between coils 32, 32' and an upper housing of electronic
excitation and detection components. The lower half of stem
30 is devoted to core 33 and its windings, which may be
potted in epoxy to the cylindrical dimension of the upper
half. In the absence of a metal presence near the lower end
of stem 30, the excitation of coils 32, 32' develops a
magnetic field that is symmetrical about and beyond the
axial center of core 33, and the presence of a metal within
this field will produce a detector output signal which is of
greatest magnitude when the metal is closest to the lower
end of core 33, said magnitude reducing for departure of the
core alignment either side of the closest alignment; this
signal and its use in the invention will be further
discussed below in connection with Fig. 6.

An overall description of the device of Figs. 1 and 2
is completed by discussion of the means of articulation
about axis a, and additional reerence is made to Figs. 3, 4
and 5, which deal with detail of the pivotal connection of
parts 11, 12, via a hinge assembly 35, which permits manual
adjustment (at 36) of the angular relation of parts 11, 12
about axis a, and which also permits removable connection of
part 11, so as to enable adaptation to a selected one ot a
range of template lengths for the distally extending part
11. As shown, the assembly 35 comprises a short rugged arm
37 which has pivotal-bearing connection via a pintel 34 to
the adjacent end of the proximally extending part 12 of the
overall template structure. At its other end, arm 37 has
been milled for lapped registration with the adjacent,
similarly milled end of part 11. Spacei dowel pins 38
carried by part 11 register with locating bores in the
lapped region of arm 37 and part 11, and the accurately
assembled relation of arm 37 to its selected part 11 is
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secured by a clamp screw between the dowel pins, manually
actuable at 39.

A generally U-shaped bracket 40 comprises spaced upper
and lower arms 41, 41' extending from a connecting base 42
which is bolted to a lateral side of part 12, with arms 41,
41' ir. seated engagement with upper and lower surfaces of
part 12. Arms 41, 41' establish a transverse offset for a
second pivot axis ¢ which is parallel to the articulation
axis a and which is also preferably on an alignment 43 of

axes a and ¢ perpendicular to the vertical plane of symmetry Vv

of part 12. A boss or hub 44 is journaled in and between
arms 41, 41' for angular displaceability about axis ¢, and
boss 44 has a centrally located diametrically extending bore
45 that is threaded for the lead-screw length of an
adjustment rod 46 which is manually driven by means 36.

A laterally offset bulging formation 47 is centrally
milled to a recessed concave arcuate contour 48, to thereby
define vertically spaced upper and lower ears which are
bored on a third axis b for journaled support of a hub or
boss 49, which receives actuating displacement adjustments
from the lead-screw adjustments at 36, to determine angular
setting of arm 12 about the articulation axis a. To this
end, hub 49 is shown with a czntrally located diametrically
extending bore in which a headed pin or stud 50 is rotatable
but axially captive by reason of a collar 51 that is
transversely pinned to the projecting end of the stud; this
projecting end of the stud is bored for inserted
accommodation of the adjacent end of the lead-screw stem 46,
and the pin which secures collar 51 to stud 50 also secures
stud 50 to the end of the lead-screw stem 46. The head of
stud 50 and collar 51 ride opposed bearing flats of hub 49,
so that they can rotate with the lead screw for adjustments
made at 36, but at the same time their bearing against the
opposed flats of the hub enables smooth, finely adjusted
torquing of arm 37 about the articulation axis a.

Fig. 2 additionally shows an extension arm 54 having a
shoulder or rib 55 for accurately nested rzference to a
corner between orthogonal flat vertical surfaces of the base
42 of bracket 40. The extension arm 54 provides a mounting
base for a displacement transducer 56 having an internally
guided rod 57 that is spring-loaded for continuous contact
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with the adjacent side wall of part 11; rod 57 thus responds
to changes in distance of the transducer with respect to
part 11, whatever the adjusted angle of articulation of
parts 11, 12 about axis a. As shown, extension arm 54 and
the transducer mounted thereto constitute an independent
assembly which relies on a captive threaded member having an
actuating knob 58 for securing the assembly to the adjacent
end of part 12, via the base 42 of bracket 40. The
transducer 56 may be a commercial device, available from
various sources, and it is indicated that the potentiometer-
based displacement products of RS Components SpA (Italy) are
entirely satisfactory, with present preference for a

% particular such product wherein a potentiometer range of 5K

) ohms 1is linear within +2 percent, for a travel distance of

rod 47 displacement over a range of 10 mm.

Referring now to Fig. 7, it will be seen that a single

ver microprocessor 60, powered by a rechargeable battery, can
concurrently serve the coordinated outputs of the metal-
detector probe 31 and the potentiometer 56 which tracks
instantaneous angular position. Analog-to-digital
conversion of the output of the potentiometer 56 over the
indicated 10-mm range of rod 57 displacement is divided by
:5 an 8-bit microprocessor 60 into 255 discretely countable
steps. This is the capacity of the microprocessor within
the linear operating range of the pbtentiometer. But the
needed angular displacement of arm 11 about axis a is a
lesser figure, in that for an angular sweep of metal

L detector 31 across potential alignment with nail 10, a 20-mm
displacement of the probe stem is typical and likely to be
involved, with some ambiguity as to the center of such
displacement; for an assumed but typical 5:1 proportion of
the radial offset of stem 33 from axis a, as compared with
the radial offset of the point of engagement of rod 57 with

part 11, only a 4-mm displacement of rod 57 need be used,
and this translates into use of approximately 100 of the
available 255 digital steps within the linear capacity of
the potentiometer and the microprocessor.

The signal output of the metal detector 31 follows the
generally Gaussian curve of Fig. 6, in the course of
displacing the axis of detector stem 33 from one to the
other side of local intersectinq'aliqhmén; with the axis of
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nail 10. This signal is converted from analog to digital,
for another input to the microprocessor. And an output from o
the microprocessor, converited to analog, is used for setting
the threshold of an amplifier 61, whereby only metal-
detector signals above threshold are utilized in the - _
computation of the nail-center alignment position; in Fig.
6, the level 61' identifies this threshold, with which like
opposed offset positions A and B apply, on opposite sides of .
probe-33 alignment with the axis'of nail 10. R
Amplifier 61 is schematically shown with provision for -
self-adjustment of gain, pursuant to a determination by the
microprocessor as to the maximum detected amplitude of the
probe (31) signal in the course of an initial sweep of the
mounted probe from one to the other side of the nail 10, it
being noted that the magnitude of maximum probe (31) signal
'is.a function of probe-tip proximity to nail 10, and bones
of different size will necessarily mean a different ‘
proximity, from one to the next patiént application. The
threshold 61' is automatically determined by the
microprocessor to accord with the regidn of steepest slope
of the signal (Fig. 1), namely, generally in the range of 30
to 70 percent of detected maximum signal; suitably, the
threéhold 61' may be at substantially 55 percent of the
detected maximum.

ey, e oAb A g AR k. 1t

Separate dispiays, suitably numerical displays at 62,
63, are provided by the circuit of Fig. 7, for operator use
in assuring that the.angle-adjustment knob 36 has correctly
moved part 11 into the correct microprocessor-computed value. ¢
of the true center of magnetic-probe response to the ' B E
presence of nail 10. As indicated by legend, displéy at 62 E [
is numerical, répresenting the calculated "center" positibn, '
and display at 63 is a numerical presentation of
instantaneous angular position (i.e. rod-57 displaced :
position) within the full 255-step range of potentiometer 56 - , :
'linearity. _ '

Operating procedure will be described, assuming that -
the jig has been assembled to the installed intramedullary".;
nail, as described, (i) with the'potentiometer/transducer 56(i | T ?,
in place; (ii) with the metal4detector stenm 30 so vertiéally'f '
clamped at 27 as to position the lower end thereof in Close
but non-contéctipg proximity with the,patiént'é afflicted

AT T T L
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limb; (iii) with knob 36 adjusted to shift the angularity of
part 11 enough for a first approximation of alignment of the
axis of stem 30 for local intersection with the nail axis;

and (iv) with functioning electronicci’rcu'itry connected to

the power source (e.g., battery 64) for a sufficient warm-up

period, indicated by a clamp at 65. Having thus prepared,
press the START button 65 to initiate an illustrative
succe551on of steps as follows:

(a) Self-Adjustment Of Amplifier (61) Gain for optimal
response to the output signal of the metal-detector or probe
31. On a first angular sweep of probe 31 over.' nail 10, the
microprocessor will be understood to have been progfamnied to
evaluate the detected maximum of the probe (31) éignal
which, it will be recalled, is a function of probe-stem
proximity to the nail. Based on its evaluation of this
detected maximum, the microprocessor adjusts the gain
setting of amplifier 61 and also sets the threshold 61' for
identifying a signal level at which distance measurements
from potentiometer 56 are to be utilized. Once these |
settings have been automatically effected, an acoustic

signal and another lamp at 65 will announce completion of

' this self-adjusting task, and that the device is therefore

ready for the next step.
(b) Data Acquisition. The operator slowly and

repetitively scans the bone from side-to-side by adjusting
(at 36) the angle of the articulating jig part 11, taking
caré that the probe stem 30 inékes no physical contact with
anything in the course of scanning. The display at 63 will
always numerically display the instantaneous potentiometer
(56) reading of scan position, which may initially, i.e.,

before scanning, read something such as "120" between limits

0 to 255 of the indicatable range but not necessarily the

center of the range. Scanning is continued until an
acoustic signal and another lamp at 65 indicate that

 threshold _'61' has been crossed at least once b\_it preferably

several' times on both sides (Positions "A" and "B") of the

central peak_’of.. probe response, and that the device has

acquired sufficient data and is ready for the :third s.tep._'
(c) Calculation of the Center. By means of software

associated with the ‘microprocessor, the positional data for

-12 -
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opposite crossings of threshold 61 are stored, and the
center of nail 10 is calculated. Once calculated, this will
"146") at display 62. An

acoustic signal and a green light at 65 will announce that

appear as a numeric value (e.g.

the device is ready for the fourth step, it being noted that
throughout the scanning (i.e., at least in the range defined
by and between threshold 61' intercepts with the curve of
the probe (31) signal), the instantaneous-position display
at 63 remains continuously operative.

(d) Probe (31) Positioning at the Center. The

operator notes the calculated display value (e.g. "146") at

62, as well as the instantaneous-position display value at
63, and to the extent that there is a difference, knob 36 is
adjusted to bring the instantaneous-position number
displayed at 63, into equality (e.g. "146") with the
calculated-value display at 62.

At this point, guide axes 24, 24' are correctly aligned
with bolt-hole axes 22, 22' of the intramedullary nail, and
it is recommended that a K-wire be inserted into the distal
metaphysis of the bone, without application of force, to
stabilize the position of the jig. The clamp 25 may then be
relaxed, for removal of probe 31 and insertion of two distal
screw guides, and their drill guides, at bores 24, 24°'.

Drilling via the drill guides should be without application

=T

of force, prior to screw insertion.

It has been indicated above that location and drilling
of holes for screw insertion via the proximal pair of blind
intramedullary-nail holes (23, 23') is not such a problem as

e 3y o e ——,

to require any use of the metal-detector, or a displacement
measurement, or a calculation as described for location of
the distal holes 22, 22°'.
these proximal holes, the described jig will be seen to lend ,X
itself to the purpose by detaching proximal part 12 from its
clamped relation to arm 13 and by detaching the distally
extending template part 11 from the arm 37 of the hinge
assembly 35. Noting that part 11 has been provided with a

transverse locating bore 18' at offset S, from the near

To set the stage for drilling ;

guide bore 24, Fig. 8 shows that part 11 may be clamped

- 13 -
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directly to arm 13 in replacement of part 12, with locating-
pin 17 alignment with and through the locating bore 18' of
part 11. Thus clamped and located, part 11 positions its
guide bores 24, 24' in alignment with the proximal bolt
holes of nail 10, and proximal screw guides and drill guides
may be positioned for drilling upon setting clamp 25.

Again, proximal drilling via the drill guides should be
without application of force, prior to proximal screw
insertion.

Having completed the desired insertion of screws via
the bolt holes and into both the distal and proximal
fragments of the fractured bone, the jig may be removed, by
chuck-release from nail 10, and an external fixator, as of
the type described in Italian patent VR924000070 may be
installed, with its respective proximal and distal screw-
mounting devices clamped to the now-installed pair of distal
screws at one end, and to the now-installed pair of proximal
screws at the other end of ball-joint connections to the
central body of the fixator.

The described jig structure will be seen to meet all
stated objects and to be equally adaptable to a relatively
wide range of intramedullary-nail lengths in a given
standardized set, wherein the proximal end of each nail in
the set has identically the same key formations for

correctly oriented engagement by the chucking means

PP >3 LU

associated with mandrel 20 and operating means 21. Each
nail in the set should also have its pair of proximal bolt
holes (23, 23') at the same standard spacing S; (e.g. 25
mm) , with offset of its bolt hole 23 such as to establish
the proximal offset S, from the central locating axis 13' of ‘
arm 13, when chucked. Subject to such points of o
commonality, the jig of the invention will be seen to be
universally applicable for distal-centering as described, o
for an illustrative set of twelve intramedullary nails, of
overall length 280 mm to 500 mm, wherein distal bolt-hole
axes 22, 22' are indicated in the following table as
distances D, and D, from the proximal end of the involved
intramedullary nail:

_14_




Nail
Size
No.
1
2
3
4
5
‘6
7
8
9
10
11
R 12
1 e
1 ‘td
feee
:‘l“‘l
<t
‘[(l!a
E 3 NS
(:C:
L L ¢

crege

Length
Overall

(mm)

280
300
320
340
360
380
400
420
440
460
480
500

- 15 =
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An external jig for centering the axis of a
transverse bolt hole in an intramedullary nail (10) that
has been implanted in the medullary cavity of a fractured
elongate limb, said jig comprising: '

- a template structure having an elongate distally
extending first part (11) and an elongate proximally
extending second part (12);

- an offsetting support arm (13) so connected at one
end to said second part (12) as to establish an offset
direction (13') which is normal to the elongation
direction of said second part (12);

- chucking means (20, 21) at the other end of said
support arm (13) for detachably rigid connecting said arm
(13) to the proximal end of the intramedullary nail (10)
so that the axis of said nail extends in a direction
substantially parallel to said second part (12) and
defines with said offset direction (13') a geometric
first plane (V);

- said first template part (11) having a guide bore
(24) that is parallel to the offset direction (13') of
said arm (13);
characterized in thac it further comprises means (35) for
movably connecting said first part (11) to said second
part (12) so as to enable relative movement of said first
part (11) in a geometric second plane (Q) normal to said
first plane (V), means being provided for controllably
adjusting the position of wsaid first part (11) with
respect to said second part (12) to selectively align
said guide bore (24) with said transverse bolt hole (22)
of said nail (10). ‘

2. An external jig as claimed in claim 1, wherein
said means for connecting said first template part (11)
to said second part (12) is an articulating connection
(35) with a single pivotal axis (a) that is parallel to
said offset direction (13') of said offsetting support
arm (13). »

3. An external jig as claimed in claim 1 or 2,
further comprising' a metal-detector device (31) adapted
for mounting to the distally extending end of said first
part (11) and having a central axis of magnetic field

‘16

© e i P




symmetry that, thus—mounted, is parallel to the axis of
said guide bore;(24).

4. An external 3jig as claimed in claim 3,

wherein said metal-detector device (31) has an elongate:

stem (30) mounted to said distal end of said first
template part (11) at relatively short 1longitudinal
offset from the guide bore (24).

5. An external jig as claimed in claim 4,
wherein said metal-detector (31) includes means (33)
establishing a uniformly distributed magnetic field

~centered on the axis af said stem (30), and exitation and

detection circuitries (32, 32') producing an electical-

' signal output of varying amplitude which peaks at movable

traverse through proximity to the nail (10).

6. An external jig as claimed in claim 2, wherein
said artiCuIating connection comprises a pivot pintel
(34) and an hinging adapter member (37), journaled in
said second teﬁplate part (12), said first'templéte part
(11) having .a proximal end that is detachably securable
to said hinging adapter member (37).

7. An external jig as claimed in claim 1, further

comprising displacement-measuring means (56, 57)

including a potentiometer mounted to said second template

part (12) and coacting'with said first template part (11)

for generating an electrical signhal in response to the

instantaneous sensed displaced position of said first
template part (11). '

8. An external jig as claimed in claim 7, further

~ comprising electronic signal-processing means (60)

connected to said metal-detector (31) and to said
potentiometer for developing and displaying in a first
diplay (62) a position value for the center position of
maximum metal-detector response to nail proximity, and
for separately developing and 'diéplaying in a second
diSplay (63) instantaneous stem position in the same

units as the units of the display of the center position

“value. - _
9. An external jig as claimed in claim 8, wherein

each of said displays (62, 63) is a numerical display.
'~ 10. An external jig as claimed in claim 1,
wherein said second template part (12) includes a

17
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pluraiity of longitudinally spaced mounting holes (18)
extendlng perpendicular to a second plane (V) defined by

'said offset direction (13') of said offsettlng supporting

arm (13) and said direction of elongation of said second
template part (12).

11. An external jig ‘as claimed in <claim 1,
wherein the connection of said onc end of said support
arm (13) to said second template part (12) includes a
bolt hole (17) which is optionally alignable with a
selected one of said mounting holes (18), and boit means
(16) for securing said arm connection to a selected

longitudinal position along said second template parte
(12) via said bolt hole (17) and a selected one of said

mounting holes (18).

12. An external Jjig as claimed in claim 1,

wherein said firSt‘and said second template parts (11,
12) have the same cross-section characterized by a
greater moment of inertia in a height dimension (H) taken
in said geometric first plane (V) than in width dimension
(W) taken in said geometric second plane (Q).

13. An external jig of claim 1, wherein said
transverse bolt hole (22, 22') is one of at least two in
the intramedullary nail (22, 22', 23, 23'), one (23, 23')
of said bolt holes being near the proximal end of the
hail, said one end of the support arm (13) having means
on a transverse axis of bolting alignement with at least
one transverse locating bore along each of said fisrt
(11) and. second (12) template parts, the longltudlnal
distance. (S,) between the proximal bolt hole (23, 23') in
the nail (10), when chacked, and the transverse axis of
bolting alignement of said support arm (13)‘being equal
to the longitudinal distancea (52) between the transverse
locating bbre (18) of the first template part (11) and
said guide bore (22)

14. A method for locatlng a template guide bore in
registry with a blind transverse bolt hole in an
intramedullary ‘nail that has been implanted in the

. medullary cavity of a fractured bone, which comprises the

steps of: ‘
a) mounting the  template external to the

bone and ‘parallel to the intramedullary nail = with

18

1 o o O b S S b v g e e 1

[ N

T 1 B B & bt

[R—




proximal end of the template connected to the
proximal end of t{ke nail, the axes of the template
guide bore and of the transverse bolt hole being
parallel and equidistant from said connection and
the distal end of the template being movable in a
plane perpendicular to said axes;

(b) selecting a metal-detector having a
directional axis of force-field and producing an
electrical signal in accordance with detector
response to varying proximity of said directional
axis to said nail:;

(c) mounting said metal-detector to the
template to position the directional axis
perpendicular to said plane and in non-invasive
proximity to the bone;

(d) meving said distal end in said plane and
in a direction which traverses registry with the
intramedullary nail, whereby to scan the force field
from one to the other side ¢f registry with the
nail, whereby to produce an electrical output signal
having its peak at alignment of the metal-detector
axis with the axis of said nail, and which drops
symmetrically on opposite sides of scanning through
the peak:;

(e) measuring and continuously displaying
instantaneous position of the metal-detector axis in
the course of its scanning motion;

(f) establishing an off-peak reduced threshold
levelﬁof metal-detector output signal;

(g) calculating, from output-signal traversal
of said threshold level on both sides of said peak
and from sensed scan position at output-signal
traversal of said threshold, a position value for
the midpoint between threshold traversals on both
sides of the peak, and displaying a calculated
positional value identifying said midpoint; and

(h) moving said distal end until the display
of instantaneous positionjﬁatches the display of the
calculated position.
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15. The method of claim 14, in which said first and

second displays are numeric.

16. The method of locating a template guide bore in
registry with a blind transverse bolt hole in an
ﬁ intramedullary nail that has been implanted ir the medullar
cavity of a fractured bone, with the proximal end of the
nail accessible for detachable jig connect.ion thereto, said
method comprising the steps of:
(a) selecting an elongate template member with
a guide bore near the distal end of the template and
establishing a pivotable connection of the proximal
end of the template member to the proximal end of
the nail, wherein the connection satisfies the
N following requirements:
v (i) the pivot axis of the connection and
* the axis of the guide bore of the template
e member are parallel to the axis of the

transverse bolt hole of the nail;
(1i) the axis of the bolt hole and the
central axis of the nail and the pivot axis are
ARLE all contained in a first vertical plane;
1rat (iii) the axis of the guide bore and the
pivot axis are in a second vertical plane which
RS has hinged articulation about the pivot axis;
- (iv) the template member is at lateral
offset from the connection to said nail and is

articulatable about the pivot axis in a
horizontal plane that is parallel to the

éi '. central axis of the nail, with the axis of the
ir guide bore and the axis of the bolt hole at the
if same horizontal offset from the pivot axis,
)

whereby an articulating sweep of the template

member over tl'2 nail and in the hcrizontal

plane can proceed through a "centered" pivot

position wherein the bolt hole and the guide

bore are in axial alignment;

(b) digitally tracking increments of
articulated displacement of the template member
throughout a sweep range in which the axis of the

- 20 =
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guide bore is swept into and out of axial alignment
with the axis of the bolt hole;

(c) selecting and mounting a metal-detector to
said template member, wherein the metal-detector
establishes a magnetic field having symmetry about a
distally located axis in said second vertical plane
and parallel to the axis of the guide bore, wherein
the magnetic field is sufficiently great as to be
affected by nail presence throughout said sweep
range, and wherein the metal-detector develops an
electrical signal whicn rises to and falls from a
peak amplitude in the course of articulation within
said sweep range, the peak amplitude reflecting
intersection of the magnetic-field axis with the
nail axis;

(d) establishing a threshold level of metal-
detector signal at less than said peak level, and
coordinating digital tracking increments with
threshold traverses of the metal-detector signal;

(e) using the tracked digital increments at
both said threshold traverses to compute and display
a calculated value of the digital increment value of
the articulated location of occurrence of the peak
signal amplitude as well as a display of the
digital-increment value of the instantaneous
articulated displacement position; and

(f) adjusting the articulated position of the
template member until the display of instantaneous
position matches the display of the calculated
location.

Dated this 14th day of September, 1993

ORTHOFIX Srl
By its Patent Attorneys,
HALLIDAYS
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Abstract of the Disclosure

A jig is detachably secured to the proximal end of an
installed intramedullary nail having a transverse bolt hole
near the distal end of the nail. The jig comprises an
offsetting arm which so mounts the proximal part of hinged
elongate template structure as to render the distal part
thereof angularly movable in a geometric plane substantially
parallel to the nail. One or more spaced guide bores near
the distal end of tiie movable distal part is on an axis
perpendicular to the geometric plane. When the jig is
chucked to the nail, the axes of the one or more guide bores
of the template are parallel to the axes of one or more bolt
holes of the nail; and corresponding guide-bore axis and
bolt-hole axes are at identical distance from the offsetting
arm. The distal end of the template is adapted to removably
mount a metal-detector establishing a magnetic field about a
directional axis, such that the metal-detector can be
scanned on one side and then the other side of a central
position in which the directional axis of the detector
locally intersects the axis of the nail. Associated
electronic circuitry takes note of template positions at
which equal detector signals occur on opposite sides of the
central position .ias been achieved, and a microprocessor
component of the circuitry automatically calculates and
displays a value representative of the calculated "center"
position. iieanwhile, a second display continuously
indicates the instantaneous position of the directional axis
of the metal-detector, so that the scanning distal part of
the jig can be positioned to a displayed instantaneously
indicated position which accords with the displayed value of
the calculated "center" position. Whereupon, the central
position and the distal template guide bores are in axial
alignment with the corresponding distal bolt holes of the

nail.
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