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PROSTHESIS INSTALLATION SYSTEMS when actually impacting the acetabular component into 
AND METHODS place the actual location and orientation can differ from the 

intended optimum location and orientation . In some cases 
CROSS REFERENCE TO RELATED the tools used can be used to determine that there is , in fact , 

APPLICATIONS 5 some difference in the location and / or orientation . However , 
once again the surgeon must employ an impacting tool ( e . g . , 

This application is a continuation - in - part of U . S . patent the hammer / mallet ) to strike the pin or alignment rod to 
application Ser . No . 14 / 923 , 203 , filed 26 Oct . 2015 , which attempt an adjustment . However the resulting location and 
in turn is a continuation - in - part of U . S . patent application orientation of the acetabular component after the adjustment 
Ser . No . 14 / 584 , 656 , filed 29 Dec . 2014 that in turn claims 10 may not be , in fact , the desired location and / or orientation . 
benefit of both U . S . Patent Application No . 61 / 921 , 528 and The more familiar that the surgeon is with the use and 
U . S . Patent Application No . 61 / 980 , 188 , the contents of application of these adjustment tools can reduce the risk to 
these applications in their entireties are hereby expressly a patient from a less preferred location or orientation . In 
incorporated by reference thereto for all purposes . some circumstances , quite large impacting forces are 

15 applied to the prosthesis by the mallet striking the rod ; these 
FIELD OF THE INVENTION forces make fine tuning difficult at best and there is risk of 

fracturing and / or shattering the acetabulum during these 
The present invention relates generally to orthopedic impacting steps . 

surgical systems and procedures employing a prosthetic What is needed is a system and method for allowing any 
implant for , and more specifically , but not exclusively , to 20 surgeon , including those surgeons who perform a fewer 
joint replacement therapies such as total hip replacement number of a replacement procedure as compared to a more 
including controlled installation and positioning of the pros - experienced surgeon who performs a greater number of 
thesis such as during replacement of a pelvic acetabulum procedures , to provide an improved likelihood of a favorable 
with a prosthetic implant . outcome approaching , if not exceeding , a likelihood of a 

25 favorable outcome as performed by a very experienced 
BACKGROUND OF THE INVENTION surgeon with the replacement procedure . 

The subject matter discussed in the background section BRIEF SUMMARY OF THE INVENTION 
should not be assumed to be prior art merely as a result of 
its mention in the background section . Similarly , a problem 30 Disclosed is a system and method for allowing any 
mentioned in the background section or associated with the surgeon , including those surgeons who perform a fewer 
subject matter of the background section should not be number of a replacement procedure as compared to a more 
assumed to have been previously recognized in the prior art . experienced surgeon who performs a greater number of 
The subject matter in the background section merely repre procedures , to provide an improved likelihood of a favorable 
sents different approaches , which in and of themselves may 35 outcome approaching , if not exceeding , a likelihood of a 
also be inventions . favorable outcome as performed by a very experienced 

Total hip replacement refers to a surgical procedure where surgeon with the replacement procedure . 
a hip joint is replaced using a prosthetic implant . There are The following summary of the invention is provided to 
several different techniques that may be used , but all include facilitate an understanding of some of technical features 
a step of inserting an acetabular component into the acetabu - 40 related to total hip replacement , and is not intended to be a 
lum and positioning it correctly in three dimensions ( along full description of the present invention . A full appreciation 
an X , Y , and Z axis ) . of the various aspects of the invention can be gained by 

In total hip replacement ( THR ) procedures there are taking the entire specification , claims , drawings , and 
advantages to patient outcome when the procedure is per - abstract as a whole . The present invention is applicable to 
formed by a surgeon specializing in these procedures . 45 other surgical procedures , including replacement of other 
Patients of surgeons who do not perform as many procedures joints replaced by a prosthetic implant in addition to replace 
can have increased risks of complications , particularly of ment of an acetabulum ( hip socket ) with an acetabular 
complications arising from incorrect placement and posi component ( e . g . , a cup ) . Use of pneumatic and electric 
tioning of the acetabular component . motor implementations have both achieved a proof of con 

The incorrect placement and positioning may arise even 50 cept development . 
when the surgeon understood and intended the acetabular The disclosed concepts involve creation of a system / 
component to be inserted and positioned correctly . This is method / tool / gun that vibrates an attached prosthesis , e . g . , an 
true because in some techniques , the tools for actually acetabular cup . The gun would be held in a surgeon ' s hands 
installing the acetabular component are crude and provide an and deployed . It would use a vibratory energy to insert ( not 
imprecise , unpredictable coarse positioning outcome . 55 impact ) and position the cup into desired alignment ( using 

It is known in some techniques to employ automated current intra - operation measurement systems , navigation , 
and / or computer - assisted navigation tools , for example , fluoroscopy , and the like ) . 
X - ray fluoroscopy or computer guidance systems . There are In one embodiment , a first gun - like device is used for 
computer assisted surgery techniques that can help the accurate impaction of the acetabular component at the 
surgeon in determining the correct orientation and place - 60 desired location and orientation . 
ment of the acetabular component . However , current tech - In another embodiment , a second gun - like device is used 
nology provides that at some point the surgeon is required to for fine - tuning of the orientation of the acetabular compo 
employ a hammer / mallet to physically strike a pin or align - nent , such as one installed by the first gun - like device , by 
ment rod . The amount of force applied and the location of traditional mallet and tamp , or by other methodology . How 
the application of the force are variables that have not been 65 ever the second gun - like device may be used independently 
controlled by these navigation tools . Thus even when the of the first gun - like device for adjusting an acetabular 
acetabular component is properly positioned and oriented , component installed using an alternate technique . Similarly 
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the second gun - like device may be used independently of the of pulses having a generation pattern , said generation pattern 
first gun - like device , particularly when the initial installation defining a first duty cycle of said original series of pulses ; 
is sufficiently close to the desired location and orientation and a pulse transfer assembly having a proximal end coupled 
These embodiments are not necessarily limited to fine - to said oscillation engine and a distal end , spaced from said 
tuning as certain embodiments permit complete re - orienta - 5 proximal end , coupled to the prosthesis with said pulse 
tion . Some implementations allow for removal of an transfer assembly including a connector system at said 
installed prosthesis . proximal end , said connector system complementary to the 

Another embodiment includes a third gun - like device that attachment system and configured to secure and rigidly hold 
combines the functions of the first gun - like device and the the prosthesis producing a secured prosthesis with said pulse 
second gun - like device . This embodiment enables the sur - 10 transfer assembly communicating an installation series of 
geon to accurately locate , insert , orient , and otherwise pulses , responsive to said original series of pulses , to said 
position the acetabular component with the single tool . secured prosthesis producing an applied series of pulses 

Another embodiment includes a fourth device that installs responsive to said installation series of pulses ; wherein said 
the acetabular component without use of the mallet and the applied series of pulses are configured to impart a vibratory 
rod , or use of alternatives to strike the acetabular component 15 motion to said secured prosthesis enabling an installation of 
for impacting it into the acetabulum . This embodiment said secured prosthesis into the portion of bone to within 
imparts a vibratory motion to an installation rod coupled to 95 % of the desired implantation depth without a manual 
the acetabular component that enables low - force , impactless impact . 
installation and / or positioning . A method for installing an acetabular cup into a prepared 

A positioning device for an acetabular cup disposed in a 20 socket in a pelvic bone , the acetabular cup including an outer 
bone , the acetabular cup including an outer shell having a shell having a sidewall defining an inner cavity and an 
sidewall defining an inner cavity and an opening with the opening with the sidewall having a periphery around the 
sidewall having a periphery around the opening and with the opening and with the acetabular cup having a desired 
acetabular cup having a desired abduction angle relative to installation depth relative to the bone , a desired abduction 
the bone and a desired anteversion angle relative to the bone , 25 angle relative to the bone , and a desired anteversion angle 
including a controller including a trigger and a selector ; a relative to the bone , including ( a ) generating an original 
support having a proximal end and a distal end opposite of series of pulses from an oscillation engine ; ( b ) communi 
the proximal end , the support further having a longitudinal cating said original series of pulses to the acetabular cup 
axis extending from the proximal end to the distal end with producing a communicated series of pulses at said acetabu 
the proximal end coupled to the controller , the support 30 lar cup ; ( c ) vibrating , responsive to said communicated 
further having an adapter coupled to the distal end with the series of pulses , the acetabular cup to produce a vibrating 
adapter configured to secure the acetabular cup ; and a acetabular cup having a predetermined vibration pattern ; and 
number N , the number N , an integer greater than or equal to ( d ) inserting the vibrating acetabular cup into the prepared 
2 , of longitudinal actuators coupled to the controller and socket within a first predefined threshold of the installation 
disposed around the support generally parallel to the longi - 35 depth with the desired abduction angle and the desired 
tudinal axis , each the actuator including an associated anteversion angle without use of an impact force applied to 
impact head arranged to strike a portion of the periphery , the acetabular cup . 
each impact head providing an impact strike to a different This method may further include ( e ) orienting the vibrat 
portion of the periphery when the associated actuator is ing acetabular cup within the prepared socket within a 
selected and triggered ; wherein each the impact strike 40 second predetermined threshold of the desired abduction 
adjusts one of the angles relative to the bone . angle and within third predetermined threshold of the 
An installation device for an acetabular cup disposed in a desired anteversion angle . 

pelvic bone , the acetabular cup including an outer shell A method for inserting a prosthesis into a prepared 
having a sidewall defining an inner cavity and an opening location in a bone of a patient at a desired insertion depth 
with the sidewall having a periphery around the opening and 45 wherein non - vibratory insertion forces for inserting the 
with the acetabular cup having a desired installation depth prosthesis to the desired insertion depth are in a first range , 
relative to the bone , a desired abduction angle relative to the the method including ( a ) vibrating the prosthesis using a tool 
bone , and a desired anteversion angle relative to the bone , to produce a vibrating prosthesis having a predetermined 
including a controller including a trigger ; a support having vibration pattern ; and ( b ) inserting the vibrating prosthesis 
a proximal end and a distal end opposite of said proximal 50 into the prepared location to within a first predetermined 
end , said support further having a longitudinal axis extend threshold of the desired insertion depth using vibratory 
ing from said proximal end to said distal end with said insertion forces in a second range , said second range includ 
proximal end coupled to said controller , said support further i ng a set of values less than a lowest value of the first range . 
having an adapter coupled to said distal end with said Any of the embodiments described herein may be used 
adapter configured to secure the acetabular cup ; and an 55 alone or together with one another in any combination . 
oscillator coupled to said controller and to said support , said Inventions encompassed within this specification may also 
oscillator configured to control an oscillation frequency and include embodiments that are only partially mentioned or 
an oscillation magnitude of said support with said oscillation alluded to or are not mentioned or alluded to at all in this 
frequency and said oscillation magnitude configured to brief summary or in the abstract . Although various embodi 
install the acetabular cup at the installation depth with the 60 ments of the invention may have been motivated by various 
desired abduction angle and the desired anteversion angle deficiencies with the prior art , which may be discussed or 
without use of an impact force applied to the acetabular cup . alluded to in one or more places in the specification , the 

An installation system for a prosthesis configured to be embodiments of the invention do not necessarily address any 
implanted into a portion of bone at a desired implantation of these deficiencies . In other words , different embodiments 
depth , the prosthesis including an attachment system , 65 of the invention may address different deficiencies that may 
including an oscillation engine including a controller be discussed in the specification . Some embodiments may 
coupled to a vibratory machine generating an original series only partially address some deficiencies or just one defi 
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ciency that may be discussed in the specification , and some surgeons who perform a fewer number of a replacement 
embodiments may not address any of these deficiencies . procedure as compared to a more experienced surgeon who 

Other features , benefits , and advantages of the present performs a greater number of procedures , to provide an 
invention will be apparent upon a review of the present improved likelihood of a favorable outcome approaching , if 
disclosure , including the specification , drawings , and 5 not exceeding , a likelihood of a favorable outcome as 
claims . performed by a very experienced surgeon with the replace 

ment procedure . The following description is presented to BRIEF DESCRIPTION OF THE DRAWINGS enable one of ordinary skill in the art to make and use the 
invention and is provided in the context of a patent appli The accompanying figures , in which like reference 

numerals refer to identical or functionally - similar elements 10 cation and its requirements . 
throughout the separate views and which are incorporated in Various modifications to the preferred embodiment and 
and form a part of the specification , further illustrate the the generic principles and features described herein will be 

readily apparent to those skilled in the art . Thus , the present present invention and , together with the detailed description 
of the invention , serve to explain the principles of the invention is not intended to be limited to the embodiment 
present invention . 15 shown but is to be accorded the widest scope consistent with 

FIG . 1 illustrates a representative installation gun ; the principles and features described herein . 
FIG . 2 illustrates a right - hand detail of the installation gun Definitions 

of FIG . 1 ; Unless otherwise defined , all terms ( including technical 
FIG . 3 illustrates a left - hand detail of the installation gun and scientific terms ) used herein have the same meaning as 

of FIG . 1 and generally when combined with FIG . 2 pro - 20 commonly understood by one of ordinary skill in the art to 
duces the illustration of FIG . 1 ; which this general inventive concept belongs . It will be 

FIG . 4 illustrates a second representative installation further understood that terms , such as those defined in 
system ; commonly used dictionaries , should be interpreted as having 

FIG . 5 illustrates a disassembly of the second represen - a meaning that is consistent with their meaning in the 
tative installation system of FIG . 4 ; 25 context of the relevant art and the present disclosure , and 

FIG . 6 illustrates a first disassembly view of the pulse will not be interpreted in an idealized or overly formal sense 
transfer assembly of the installation system of FIG . 4 ; unless expressly so defined herein . 

FIG . 7 illustrates a second disassembly view of the pulse The following definitions apply to some of the aspects 
transfer assembly of the installation system of FIG . 4 ; described with respect to some embodiments of the inven 

FIG . 8 illustrates a third representative installation sys - 30 tion . These definitions may likewise be expanded upon 
tem ; herein . 

FIG . 9 illustrates a disassembly view of the third repre As used herein , the term “ or ” includes " and / or " and the 
sentative installation system of FIG . 8 ; term “ and / or ” includes any and all combinations of one or 

FIG . 10 - FIG . 12 are generic mechanical templates for more of the associated listed items . Expressions such as " at 
representative vibratory devices ; 35 least one of , " when preceding a list of elements , modify the 

FIG . 10 illustrates a first template for a mechanical device entire list of elements and do not modify the individual 
converting rotary motion of a motor into linear motion of a elements of the list . 
shaft ; As used herein , the singular terms “ a , " " an , ” and “ the ” 

FIG . 11 illustrates a second template for a mechanical include plural referents unless the context clearly dictates 
device converting rotary motion of a motor into linear 40 otherwise . Thus , for example , reference to an object can 
motion of a shaft ; and include multiple objects unless the context clearly dictates 

FIG . 12 illustrates a first template for a mechanical device otherwise . 
converting a pneumatic motor into linear motion of a shaft ; Also , as used in the description herein and throughout the 

FIG . 13 - FIG . 15 illustrates a first representative imple - claims that follow , the meaning of “ in ” includes “ in ” and 
mentation of the first template ; 45 " on " unless the context clearly dictates otherwise . It will be 

FIG . 13 illustrates a perspective exterior view of the first understood that when an element is referred to as being “ on ” 
implementation ; another element , it can be directly on the other element or 

FIG . 14 illustrates a perspective interior view of the first intervening elements may be present therebetween . In con 
implementation ; trast , when an element is referred to as being " directly on ” 

FIG . 15 illustrates a perspective exploded view of the first 50 another element , there are no intervening elements present . 
implementation ; As used herein , the term “ set ” refers to a collection of one 

FIG . 16 illustrates a first representative implementation of or more objects . Thus , for example , a set of objects can 
the second template ; include a single object or multiple objects . Objects of a set 

FIG . 17 - FIG . 19 illustrates a second representative imple - also can be referred to as members of the set . Objects of a 
mentation of the first template ; 55 set can be the same or different . In some instances , objects 

FIG . 17 illustrates an exterior perspective view of the of a set can share one or more common properties . 
second implementation ; As used herein , the term “ adjacent ” refers to being near or 

FIG . 18 illustrates an interior perspective view of the adjoining . Adjacent objects can be spaced apart from one 
second implementation , and another or can be in actual or direct contact with one another . 

FIG . 19 illustrates an alternative interior perspective view 60 In some instances , adjacent objects can be coupled to one 
of the second implementation . another or can be formed integrally with one another . 

As used herein , the terms " connect , " " connected , ” and 
DETAILED DESCRIPTION OF THE “ connecting ” refer to a direct attachment or link . Connected 

INVENTION objects have no or no substantial intermediary object or set 
65 of objects , as the context indicates . 

Embodiments of the present invention provide a system As used herein , the terms “ couple , " " coupled , ” and “ cou 
and method for allowing any surgeon , including those pling ” refer to an operational connection or linking . Coupled 
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objects can be directly connected to one another or can be which the equilibrium point is deeper into an installation 
indirectly connected to one another , such as via an interme site , for example , a desired depth into live bone . These 
diary set of objects . vibrations are forced and responsive to a time - varying 

As used herein , the terms “ substantially ” and “ substan disturbance from an oscillation engine or the like applied , 
tial ” refer to a considerable degree or extent . When used in 5 directly or indirectly , to a structure ( e . g . , a prosthesis or other 
conjunction with an event or circumstance , the terms can implant ) to be installed . The disturbance can be a periodic 
refer to instances in which the event or circumstance occurs input , a steady - state input , a transient input , and / or a random 
precisely as well as instances in which the event or circum - input . A periodic input may include a harmonic or non 
stance occurs to a close approximation , such as accounting harmonic disturbance . Oscillation about the equilibrium 
for typical tolerance levels or variability of the embodiments 10 point may be different , or similar , for each degree of freedom 
described herein . available for the vibratory motion . For example , there may 
As used herein , the terms " optional ” and “ optionally ” be one oscillation profile longitudinally and a second oscil 

mean that the subsequently described event or circumstance lation profile laterally ( e . g . , perpendicular to the longitudinal 
may or may not occur and that the description includes axis ) , the two profiles generally matching , related , derived , 
instances where the event or circumstance occurs and 15 or independent . An amount of displacement of an oscillation 
instances in which it does not . is generally less than a dimension of the implant , and may 
As used herein , the term " bone ” means rigid connective be much less , on the order of about a millimeter or less . 

tissue that constitute part of a vertebral skeleton , including As used herein , the term " ultrasonic ” refers to a vibration 
mineralized osseous tissue , particularly in the context of a in which at least one oscillation component operates at a 
living patient undergoing a prosthesis implant into a portion 20 frequency greater than about 20 kHz , and more specifically 
of cortical bone . A living patient , and a surgeon for the in a range of 20 kHz to 2 - 3 GHz , and in some instances in 
patient , both have significant interests in reducing attendant a range of about 20 kHz to about 200 kHz 
risks of conventional implanting techniques including frac - The following description relates to improvements in a 
turing / shattering the bone and improper installation and wide - range of prostheses installations into live bones of 
positioning of the prosthesis within the framework of the 25 patients of surgeons . The following discussion focuses pri 
patient ' s skeletal system and operation . marily on total hip replacement ( THR ) in which an acetabu 
As used herein , the term “ size ” refers to a characteristic lar cup prosthesis is installed into the pelvis of the patient . 

dimension of an object . Thus , for example , a size of an This cup is complementary to a ball and stem ( i . e . , a femoral 
object that is spherical can refer to a diameter of the object . prosthesis ) installed into an end of a femur engaging the 
In the case of an object that is non - spherical , a size of the 30 acetabulum undergoing repair . 
non - spherical object can refer to a diameter of a correspond As noted in the background , the surgeon prepares the 
ing spherical object , where the corresponding spherical surface of the hipbone which includes attachment of the 
object exhibits or has a particular set of derivable or mea - acetabular prosthesis to the pelvis . Conventionally , this 
surable properties that are substantially the same as those of attachment includes a manual implantation in which a mallet 
the non - spherical object . Thus , for example , a size of a 35 is used to strike a tamp that contacts some part of the 
non - spherical object can refer to a diameter of a correspond acetabular prosthesis . Repeatedly striking the tamp drives 
ing spherical object that exhibits light scattering or other the acetabular prosthesis into the acetabulum . Irrespective of 
properties that are substantially the same as those of the whether current tools of computer navigation , fluoroscopy , 
non - spherical object . Alternatively , or in conjunction , a size and robotics ( and other intra - operative measuring tools ) 
of a non - spherical object can refer to an average of various 40 have been used , it is extremely unlikely that the acetabular 
orthogonal dimensions of the object . Thus , for example , a prosthesis will be in the correct orientation once it has been 
size of an object that is a spheroidal can refer to an average seated to the proper depth by the series of hammer strikes . 
of a major axis and a minor axis of the object . When After manual implantation in this way , the surgeon then may 
referring to a set of objects as having a particular size , it is apply a series of adjusting strikes around a perimeter of the 
contemplated that the objects can have a distribution of sizes 45 acetabular prosthesis to attempt to adjust to the desired 
around the particular size . Thus , as used herein , a size of a orientation . Currently such post - impaction result is accepted 
set of objects can refer to a typical size of a distribution of as many surgeons believe that post - impaction adjustment 
sizes , such as an average size , a median size , or a peak size . creates an unpredictable and unreliable change which does 
As used herein , mallet or hammer refers to an orthopedic not therefore warrant any attempts for post - impaction 

device made of stainless steel or other dense material having 50 adjustment . 
a weight generally a carpenter ' s hammer and a stonemason ' s In most cases , any and all surgeons including an inexpe 
lump hammer . rienced surgeon may not be able to achieve the desired 
As used herein , an impact force for impacting an acetabu - orientation of the acetabular prosthesis in the pelvis by 

lar component ( e . g . , an acetabular cup prosthesis ) includes conventional solutions due to unpredictability of the orien 
forces from striking an impact rod multiple times with the 55 tation changes responsive to these adjusting strikes . As 
orthopedic device that are generally similar to the forces that noted above , it is most common for any surgeon to avoid 
may be used to drive a three inch nail into a piece of lumber post - impaction adjustment as most surgeons understand that 
using the carpenter ' s hammer by striking the nail approxi - they do not have a reliable system or method for improving 
mately a half - dozen times to completely seat the nail any particular orientation and could easily introduce more ! 
Without limiting the preceding definition , a representative 60 greater error . The computer navigation systems , fluoroscopy , 
value in some instances includes a force of approximately 10 and other measuring tools are able to provide the surgeon 
lbs / square inch . with information about the current orientation of the pros 

As used herein , the term “ vibration ” or “ vibratory ” refers thesis ( in real time ) during an operation and after the 
to a mechanical displacement oscillations ( repetitive posi - prosthesis has been installed and its deviation from the 
tional variation in time ) about an equilibrium point that 65 desired orientation , but the navigation systems ( and others ) 
includes one or more axes of motion . The equilibrium point do not protect against torsional forces created by the 
may , in turn , move , such as for impactless implantation in implanting / positioning strikes . The prosthesis will find its 
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own position in the acetabulum based on the axial and TABLE I - continued 
torsional forces created by the blows of the mallet . Even 
those navigation systems used with robotic systems ( e . g . , Device 100 Elements 
MAKO ) that attempt to secure an implant in the desired 136 MirrorAR15 — Hand Grip 1 
orientation prior to impaction are not guaranteed to result in 5 138 Crossover Tube 
the installation of the implant at the desired orientation 140 9657K103 compression spring 

142 because the actual implanting forces are applied by a sur Elongate tube 
144 Lower guide housing geon swinging a mallet to manually strike the tamp . 146 Primary adapter 

A Behzadi Medical Device ( BMD ) is herein described 148 Housing 
and enabled that eliminates this crude method ( i . e . , mallet , 10 - 
tamp , and surgeon - applied mechanical implanting force ) of Installation gun 100 includes a controller with a handle the prosthesis ( e . g . , the acetabular cup ) . A surgeon using the 
BMD is able to insert the prosthesis exactly where desired supporting an elongate tube 142 that terminates in adapter 
with proper force , finesse , and accuracy . Depending upon 146 that engages cup 114 . Operation of trigger 130 initiates 
implementation details , the installation includes insertion of 15 a motion of elongate tube 142 . This motion is referred to 
the prosthesis into patient bone , within a desired threshold of herein as an installation force and / or installation motion that 
metrics for insertion depth and location ) and may also is much less than the impact force used in a conventional 
include , when appropriate and / or desired , positioning at a replacement process . An exterior housing 148 allows the 
desired orientation with the desired threshold further includ operator to hold and position prosthesis 114 while elongate 
ing metrics for insertion orientation ) . The use of the BMD 20 tube 142 moves within . Some embodiments may include a 
reduces risks of fracturing and / or shattering the bone receiv - handle or other grip in addition to or in lieu of housing 148 
ing the prosthesis and allows for rapid , efficient , and accu - that allows the operator to hold and operate installation gun 
rate ( atraumatic ) installation of the prosthesis . The BMD 100 without interfering with the mechanism that provides a 
provides a viable interface for computer navigation assis direct transfer of installation motion to prosthesis 114 . The 
tance ( also useable with all intraoperative measuring tools 25 illustrated embodiment includes prosthesis 114 held 
including fluoroscopy ) during the installation as a lighter securely by adapter 146 allowing a tilting and / or rotation of 
more responsive touch may be used . gun 100 about any axis to be reflected in the position / 

The BMD encompasses many different embodiments for orientation of the secured prosthesis . 
installation and / or positioning of a prosthesis and may be The installation motion includes constant , cyclic , peri 
adapted for a wide range of prostheses in addition to 30 odic , and / or random motion ( amplitude and / or frequency ) 
installation and / or positioning of an acetabular prosthesis that allows the operator to install cup 114 into the desired 
during THR . position ( depth and orientation ) without application of an 

FIG . 1 illustrates a representative installation gun 100 ; impact force . There may be continuous movement or oscil 
FIG . 2 illustrates a right - hand detail of the installation gun lations in one or more of six degrees of freedom including 
100 ; and FIG . 3 illustrates a left - hand detail of installation 35 translation ( s ) and / or rotation ( s ) of adapter 146 about the X , 
gun of 100 and generally when combined with FIG . 2 Y , Z axes ( e . g . , oscillating translation ( s ) and / or oscillating 
produces the illustration of FIG . 1 . Installation gun 100 is continuous rotation ( s ) which could be different for different 
represented as operable using pneumatics , though other axes such as translating back and forth in the direction of the 
implementations may use other mechanisms for creating a longitudinal axis of the central support while rotating con 
desired vibratory motion of prosthesis to be installed . 40 tinuously around the longitudinal axis ) . This installation 

Installation gun 100 is used to control precisely one or motion may include continuous or intermittent very high 
both of ( i ) insertion , and ( ii ) abduction and anteversion frequency movements and oscillations of small amplitude 
angles of a prosthetic component . Installation gun 100 that allow the operator to easily install the prosthetic com 
preferably allows both installation of an acetabular cup into ponent in the desired location , and preferably also to allow 
an acetabulum at a desired depth and orientation of the cup 45 the operator to also set the desired angles for abduction and 
for both abduction and anteversion to desired values . The anteversion . 
following reference numbers in Table I refer to elements In some implementations , the controller includes a stored 
identified in FIG . 1 - FIG . 3 : program processing system that includes a processing unit 

that executes instructions retrieved from memory . Those 
TABLE I 50 instructions could control the selection of the motion param 

eters autonomously to achieve desired values for depth , 
Device 100 Elements abduction and anteversion entered into by the surgeon or by 

102 Middle guide housing a computer aided medical computing system such as the 
104 Klip computer navigation system . Alternatively those instruc 
106 Kuciste tions could be used to supplement manual operation to aid 
108 CILINDAR or suggest selection of the motion parameters . Cjev 

Poklopac For more automated systems , consistent and unvarying 
114 54 mm acetabular cup motion parameters are not required and it may be that a 
116 Body varying dynamic adjustment of the motion parameters better 
118 Valve 60 conform to an adjustment profile of the cup installed into the 120 Bottom cap 
122 Upper guide housing acetabulum and status of the installation . An adjustment 
124 Handle cam profile is a characterization of the relative ease by which 
126 DIN 3771 6 x 1 , 8 - N - NBR 70 depth , abduction and anteversion angles may be adjusted in 

Main Air Inlet — Input Tube positive and negative directions . In some situations these 130 Trigger 
132 Trigger pin 65 values may not be the same and the installation gun could be 
134 DIN 3771 6 x 1 , 8 - N - NBR 70 enhanced to adjust for these differences . For example , a unit 

of force applied to pure positive anteversion may adjust 

110 
112 

128 
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anteversion in the positive direction by a first unit of distance using a connector system 425 . Pulse transfer assembly 405 
while under the same conditions that unit of force applied to receives the original series of pulses from oscillation engine 
pure negative anteversion may adjust anteversion in the 410 and produces , responsive to the original series of pulses , 
negative direction by a second unit of distance different from an installation series of pulses having an installation pattern . 
the first unit . And these differences may vary as a function 5 Similar to the generation pattern , the installation pattern 
of the magnitude of the actual angle ( s ) . For example , as the defines a second duty cycle of the installation series of 
anteversion increases it may be that the same unit of force pulses including a second pulse amplitude , a second pulse 
results in a different responsive change in the actual distance direction , a second pulse duration , and a second pulse time 
adjusted . The adjustment profile when used helps the opera - window . Again , this is not to suggest that the amplitude , 
tor when selecting the actuators and the impact force ( s ) to be 10 direction , duration , or pulse time window for each pulse of 
applied . Using a feedback system of the current real - time the installation pulse series are uniform with respect to each 
depth and orientation enables the adjustment profile to other . Pulse direction may include motion having any of six 
dynamically select / modify the motion parameters appropri degrees of freedom — translation along one or more of any 
ately during different phases of the installation . One set of axis of three orthogonal axes and / or rotation about one or 
motion parameters may be used when primarily setting the 15 more of these three axes . 
depth of the implant and then another set used when the For some embodiments of pulse transfer assembly 405 , 
desired depth is achieved so that fine tuning of the abduction the installation series of pulses will be strongly linked to the 
and anteversion angles is accomplished more efficiently , all original series and there will be a close match , if not 
without use of impact forces in setting the depth and / or angle identical match , between the two series . Some embodiments 
adjustment ( s ) . 20 may include a more complex pulse transfer assembly 405 

This device better enables computer navigation as the that produces an installation series that is more different , or 
installation / adjustment forces are reduced as compared to very different , from the original series . 
the impacting method . This makes the required forces more Connector system 425 ( e . g . , one or more threaded studs 
compatible with computer navigation systems used in medi - complementary to the threaded inserts of the prosthesis , or 
cal procedures which do not have the capabilities or control 25 other complementary mechanical coupling system ) is dis 
systems in place to actually provide impacting forces for posed at proximal end 420 . Connector system 425 is con 
seating the prosthetic component . And without that , the figured to secure and rigidly hold the prosthesis . In this way , 
computer is at best relegated to a role of providing after the attached prosthesis becomes a secured prosthesis when 
the - fact assessments of the consequences of the surgeon ' s engaged with connector system 425 . 
manual strikes of the orthopedic mallet . ( Also provides 30 Pulse transfer assembly 405 communicates the installa 
information before and during the impaction . It is a problem tion series of pulses to the secured prosthesis and produces 
that the very act of impaction introduces variability and error an applied series of pulses that are responsive to the instal 
in positioning and alignment of the prosthesis . lation series of pulses . Similar to the generation pattern and 

FIG . 4 illustrates a second representative installation the installation pattern , the applied pattern defines a third 
system 400 including a pulse transfer assembly 405 and an 35 duty cycle of the applied series of pulses including a third 
oscillation engine 410 ; FIG . 5 illustrates a disassembly of pulse amplitude , a third pulse direction , a third pulse dura 
second representative installation system 400 ; FIG . 6 illus - tion , and a third pulse time window . Again , this is not to 
trates a first disassembly view of pulse transfer assembly suggest that the amplitude , direction , duration , or pulse time 
405 ; and FIG . 7 illustrates a second disassembly view of window for each pulse of the applied pulse series are 
pulse transfer assembly 405 of installation system 400 . 40 uniform with respect to each other . Pulse direction may 

Installation system 400 is designed for installing a pros - include motion having any of six degrees of freedom 
thesis that , in turn , is configured to be implanted into a translation along one or more of any axis of three orthogonal 
portion of bone at a desired implantation depth . The pros axes and / or rotation about one or more of these three axes . 
thesis includes some type of attachment system ( e . g . , one or For some embodiments of pulse transfer assembly 405 , 
more threaded inserts , mechanical coupler , link , or the like ) 45 the applied series of pulses will be strongly linked to the 
allowing the prosthesis to be securely and rigidly held by an original series and / or the installation series and there will be 
object such that a translation and / or a rotation of the object a close , if not identical , match between the series . Some 
about any axis results in a direct corresponding translation embodiments may include a more complex pulse transfer 
and / or rotation of the secured prosthesis . assembly 405 that produces an applied series that is more 

Oscillation engine 410 includes a controller coupled to a 50 different , or very different , from the original series and / or the 
vibratory machine that generates an original series of pulses installation series . In some embodiments , for example one or 
having a generation pattern . This generation pattern defines more components may be integrated together ( for example , 
a first duty cycle of the original series of pulses including integrating oscillation engine 410 with pulse transfer assem 
one or more of a first pulse amplitude , a first pulse direction , bly 405 ) so that the first series and the second series , if they 
a first pulse duration , and a first pulse time window . This is 55 exist independently are nearly identical if not identical ) . 
not to suggest that the amplitude , direction , duration , or The applied series of pulses are designed to impart a 
pulse time window for each pulse of the original pulse series vibratory motion to the secured prosthesis that enable an 
are uniform with respect to each other . Pulse direction may installation of the secured prosthesis into the portion of bone 
include motion having any of six degrees of freedom — to within 95 % of the desired implantation depth without a 
translation along one or more of any axis of three orthogonal 60 manual impact . That is , in operation , the original pulses 
axes and / or rotation about one or more of these three axes . from oscillation engine 410 propagate through pulse transfer 
Oscillation engine 410 includes an electric motor powered assembly 405 ( with implementation - depending varying lev 
by energy from a battery , though other motors and energy els of fidelity ) to produce the vibratory motion to the 
sources may be used . prosthesis secured to connector system 425 . In a first imple 

Pulse transfer assembly 405 includes a proximal end 415 65 mentation , the vibratory motion allows implanting without 
coupled to oscillation engine 410 and a distal end 420 , manual impacts on the prosthesis and in a second mode an 
spaced from proximal end 420 , coupled to the prosthesis orientation of the implanted secured prosthesis may be 
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adjusted by rotations of installation system 400 while the upper transfer assembly 640 moves within support 660 of 
vibratory motion is active , also without manual impact . In upper transfer assembly 640 to communicate pulses to 
some implementations , the pulse generation may produce double anvil 655 moving within support 675 . Double anvil 
different vibratory motions optimized for these different 655 , in turn , communicates pulses to transfer rod 665 of 
modes . 5 lower transfer assembly 645 to produce vibratory motion of 

Installation system 400 includes an optional sensor 430 a prosthesis secured to connector system 425 . Transfer rods 
( e . g . , a flex sensor or the like ) to provide a measurement 665 move , in this illustrated embodiment , primarily longi 
( e . g . , quantitative and / or qualitative ) of the installation pulse tudinally / axially within outer housing 435 ( a longitudinal 
pattern communicated by pulse transfer assembly 405 . This axis defined as extending between proximate end 415 and 
measurement may be used as part of a manual or comput - 10 distal end 420 . In this way , the surgeon may use outer 
erized feedback system to aid in installation of a prosthesis . housing 435 as a hand hold when installing and / or position 
For example , in some implementations , the desired applied ing the vibrating prosthesis . 
pulse pattern of the applied series of pulses ( e . g . , the The use of discrete transfer portions ( e . g . , upper , central , 
vibrational motion of the prosthesis ) may be a function of a and lower transfer assemblies ) for pulse transfer assembly 
particular installation pulse pattern , which can be measured 15 405 allows a form of loose coupling between oscillation 
and set through sensor 430 . In addition to , or alternatively , engine 410 and a secured prosthesis . In this way pulses from 
other sensors may aid the surgeon or an automated instal oscillation engine 410 are converted into a vibratory motion 
lation system operating installation system 400 , such as a of the prosthesis as it is urged into the bone during operation . 
bone density sensor or other mechanism to characterize the Some embodiments may provide a stronger coupling by 
bone receiving the prosthesis to establish a desired applied 20 directly securing one component to another , or substituting 
pulse pattern for optimal installation . a single component for a pair of components . 

The disassembled views of FIG . 6 and FIG . 7 detail a FIG . 8 illustrates a third representative installation system 
particular implementation of pulse transfer assembly 405 , it 800 ; and FIG . 9 illustrates a disassembly view of third 
being understood that there are many possible ways of representative installation system 800 . 
creating and communicating an applied pulse pattern 25 The embodiments of FIG . 4 - FIG . 8 have demonstrated 
responsive to a series of generation pulses from an oscilla - insertion of a prosthetic cun into a bone substitute substrate 
tion engine . The illustrated structure of FIG . 6 and FIG . 7 with ease and a greatly reduced force as compared to use of 
generate primarily longitudinal / axial pulses in response to a mallet and tamp , especially as no impaction was required . 
primarily longitudinal / axial generation pulses from oscilla While the insertion was taking place and vibrational motion 
tion engine 410 . was present at the prosthesis , the prosthesis could be posi 

Pulse transfer assembly 405 includes an outer housing tioned with relative ease by torqueing on a handle / outer 
435 containing an upper transfer assembly 640 , a lower housing to an exact desired alignment / position . The inser 
transfer assembly 645 and a central assembly 650 . Central tion force is variable and ranges between 20 to 800 pounds 
assembly 650 includes a double anvil 655 that couples upper of force . Importantly the potential for use of significantly 
transfer assembly 640 to lower transfer assembly 645 . Outer 35 smaller forces in application of the prosthesis ( in this case 
housing 635 and central assembly 650 each include a port the acetabular prosthesis ) in bone substrate with the present 
allowing sensor 630 to be inserted into central assembly 650 invention is demonstrated to be achievable . 
between an end of double anvil 655 and one of the upper / Similarly to installation system 100 and installation sys 
lower transfer assemblies . tem 400 , installation system 800 is used to control precisely 
Upper transfer assembly 640 and lower transfer assembly 40 one or both of ( i ) installation and ( ii ) abduction and ante 

645 each include a support 660 coupled to outer housing 435 version angles of a prosthetic component . Installation sys 
by a pair of connectors . A transfer rod 665 is moveably tem 800 preferably allows both installation of an acetabular 
disposed through an axial aperture in each support 660 , with cup into an acetabulum at a desired depth and orientation of 
each transfer rod 665 including a head at one end configured the cup for both abduction and anteversion to desired values . 
to strike an end of double anvil 655 and a coupling structure 45 The following reference numbers in Table II refer to ele 
at a second end . A compression spring 670 is disposed on ments identified in FIG . 8 - FIG . 9 : 
each transfer rod 665 between support 660 and the head . The 
coupling structure of upper transfer assembly 640 cooper TABLE II 
ates with oscillation engine 410 to receive the generated 
pulse series . The coupling structure of lower transfer assem - 50 Device 800 Elements 
bly 645 includes connector system 425 for securing the 802 Air Inlet prosthesis . Some embodiments may include an adapter , not 804 Trigger 
shown , that adapts connector system 425 to a particular 806 Needle Valve 

prosthesis , different adapters allowing use of pulse transfer 808 Valve Body 
Throttle Cap assembly 405 with different prosthesis . 55 812 Piston Central assembly 650 includes a support 675 coupled to 814 Cylinder 

outer housing 435 by a connector and receives double anvil 816 Driver 
655 which moves freely within support 675 . The heads of 818 Needle Block 

820 Needles the upper transfer assembly and the lower transfer assembly 822 Suspension Springs 
are disposed within support 675 and arranged to strike 60 824 Anvil 
corresponding ends of double anvil 655 during pulse gen 826 Nozzle 

eration . 828 Connector Rod 
In operation , oscillation engine 410 generates pulses that Prosthesis ( e . g . , acetabular cup ) 

are transferred via pulse transfer assembly 405 to the pros 
thesis secured by connector system 425 . The pulse transfer 65 Installation system 800 includes a controller with a handle 
assembly 405 , via upper transfer assembly 640 , receives the supporting an elongate rod that terminates in a connector 
generated pulses using transfer rod 665 . Transfer rod 665 of system that engages prosthesis 830 . Operation of trigger 804 

810 

830 
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initiates a motion of the elongate rod . This motion is referred approximately 4 seconds of operation resulted in a desired 
to herein as an installation force and / or installation motion insertion and alignment of the prosthesis ( meaning about 
that is much less than the impact force used in a conven 240 cycles of the oscillation engine ) . Conventional surgery 
tional replacement process . An exterior housing allows the using a mallet striking a tamp to impact the cup into place 
operator to hold and position prosthesis 830 while the 5 is generally complete after 10 blows of the mallet / hammer . 
elongate rod moves within . Some embodiments may include 
a handle or other grip in addition to or in lieu of the housing Experimental 
that allows the surgeon operator to hold and operate instal 
lation system 800 without interfering with the mechanism Both system 400 and system 800 were tested in a bone 
that provides a direct transfer of installation motion . The 10 substitute substrate with a standard Zimmer acetabular cup 
illustrated embodiment includes prosthesis 830 held using standard technique of under reaming a prepared sur 
securely allowing a tilting and / or rotation of installation face by 1 mm and inserting a cup that was one millimeter 
system about any axis to be reflected in the position larger . The substrate was chosen as the best option available 
orientation of the secured prosthesis . to us to study this concept , namely a dense foam material . It 

The actuator is pneumatically operated oscillation device 15 was recognized that certain properties of bone would not be 
that provides the impact and vibration action this device uses represented here ( e . g . an ability of the substrate to stretch 
to set the socket ( it being understand that alternative motive before failure ) . 
systems may be used in addition to , or alternatively to , a Both versions demonstrated easy insertion and position 
pneumatic system ) . Alternatives including mechanical and / ing of the prosthetic cup within the chosen substrate . We 
or electromechanical systems , motors , and / or engines . The 20 were able to move the cup in the substrate with relative ease . 
actuator includes air inlet port 802 , trigger 804 , needle valve There was no requirement for a mallet or hammer for 
806 , cylinder 814 , and piston 812 . application of a large impact . These experiments demon 

Air is introduced through inlet port 802 and as trigger 804 strated that the prosthetic cups could be inserted in bone 
is squeezed needle valve 806 admits air into the cylinder 814 substitute substrates with significantly less force and more 
pushing piston 812 to an opposing end of cylinder 814 . At 25 control than what could be done with blows of a hammer or 
the opposite end piston 812 opens a port allowing the air to mallet . We surmise that the same phenomena can be repro 
be admitted and pushing the piston 812 back to the original duced in human bone . We envision the prosthetic cup being 
position . inserted with ease with very little force . 

This action provides the motive power for operation of the Additionally we believe that simultaneously , while the 
device and functions in this embodiment at up to 70 Hz . The 30 cup is being inserted , the position of the cup can be adjusted 
frequency can be adjusted by trigger 804 and an available air under direct visualization with any intra - operative measure 
pressure at air inlet port 802 . ment system ( navigation , fluoroscopy , etc . ) . This invention 

As piston 812 impacts driver 816 , driver 816 impacts provides a system that allows insertion of a prosthetic 
needles 820 of needle block 818 . Needles 820 strike anvil component with NON - traumatic force ( insertion ) as 
824 which is directly connected to prosthesis 830 via 35 opposed to traumatic force ( impaction ) . 
connecting rod 828 . Experimental Configuration System 400 

Suspension springs 822 provide a flexibility to apply more Oscillation engine 410 included a Craftsman G2 Ham 
or less total force . This flexibility allows force to be applied merhead nailer used to drive fairly large framing nails into 
equally around prosthesis 830 or more force to one side of wood in confined spaces by applying a series of small 
prosthesis 830 in order to locate prosthesis 830 at an 40 impacts very rapidly in contrast to application of few large 
optimum / desired orientation . Installation system 800 illus - impacts . 
trates a BMD having a more strongly coupled pulse transfer The bone substitute was 15 pound density urethane foam 
system between an oscillation engine and prosthesis 830 . to represent the pelvic acetabulum . It was shaped with a 

The nature and type of coupling of pulse communications standard cutting tool commonly used to clean up a patient ' s 
between the oscillation engine and the prosthesis may be 45 damaged acetabulum . A 54 mm cup and a 53 mm cutter were 
varied in several different ways . For example , in some used in testing . 
implementations , needles 820 of needle block 818 are inde - In one test , the cup was inserted using a mallet and tamp , 
pendently moveable and respond differently to piston 812 with impaction complete after 7 strikes . Re - orientation of 
motion . In other implementations , the needles may be fused the cup was required by further strikes on a periphery of the 
together or otherwise integrated together , while in other 50 cup after impaction to achieve a desired orientation . It was 
implementations needles 820 and needle block 818 may be qualitatively determined that the feel and insertion were 
replaced by an alternative cylinder structure . consistent with impaction into bone . 

As illustrated , while both embodiments provide for a An embodiment of system 400 was used in lieu of the 
primarily longitudinal implementation , installation system mallet and tamp method . Several insertions were performed , 
800 includes a design feature intended to allow the inserting / 55 with the insertions found to be much more gradual , allowing 
vibratory force to be “ steered ” by applying forces to be the cup to be guided into position ( depth and orientation 
concentrated on one side or another of the prosthesis . during insertion ) . Final corrective positioning is easily 
Implementations that produce a randomized vibrational achievable using lateral hand pressure to rotate the cup 
motion , including “ lateral ” motion components in addition within the substrate while power was applied to the oscil 
to , or in lieu of , the primarily longitudinal vibrational motion 60 lation engine . 
of the disclosed embodiments may be helpful for installation Further testing using the sensor included general static 
of prosthesis in a wide range of applications including THR load detection done to determine the static ( non - impact ) load 
surgery . to push the cup into the prepared socket model . This 

Installation system 400 and installation system 800 provided a baseline for comparison to the impact load 
included an oscillation engine producing pulses at approxi - 65 testing . The prosthesis was provided above a prepared 
mately 60 Hz . System 400 operated at 60 Hz while system socket with a screw mounted to the cup to transmit a force 
800 was capable of operating at 48 to 68 Hz . In testing , applied from a bench vise . The handle of the vice was turned 
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to apply an even force to compress the cup into the socket problem is not addressed , regardless of the recent advances 
until the cup was fully seated . The cup began to move into in technologies in hip replacement surgery ( i . e . ; Navigation , 
the socket at about an insertion force of ~ 200 pounds and Fluoroscopy , MAKO / robotics , accelerometers / gyro meters , 
gradually increased as diameter of cup inserted into socket etc . ) . Acetabular component ( cup ) positioning remains the 
increased to a maximum of 375 pounds which remained 5 biggest problem in hip replacement surgery . Implantation is 
constant until the cup was fully seated . the final step where error is introduced into the system and 

Installation system 400 was next used to install the cup heretofore no attention has been brought to this problem . 
into a similarly prepared socket . Five tests were done , using Current technologies have brought significant awareness to 
different frame rates and setup procedures , to determine how the position of the implants within the pelvis during surgery , 
to get the most meaningful results . All tests used a 54 mm 10 prior to impaction . However , these techniques do not assist 
acetabular Cup . The oscillation engine ran at an indicated 60 in the final step of implantation . 
impacts / second . The first two tests were done at 2 , 000 BMD allows all real time information technologies to 
frames / second , which wasn ' t fast enough to capture all the utilize ( a tool ) to precisely and accurately implant the 
impact events , but helped with designing the proper setup . acetabular component ( cup ) within the pelvic acetabulum . 
Test 3 used the oscillation engine in an already used socket , 15 BMD device coupled with use of navigation technology and 
4 , 000 frames per second . Test 4 used the oscillation engine fluoroscopy and ( other novel measuring devices ) is the only 
in an unused foam socket at 53 mm , 4 , 000 frames per device that will allow surgeons from all walks of life , ( low 
second . volume / high volume ) to perform a perfect hip replacement 

Test 3 : In already compacted socket , the cup was pulsed with respect to acetabular component ( cup ) placement . With 
using the oscillation engine and the pulse transfer assembly . 20 the use of BMD , surgeons can feel confident that they are 
Recorded strikes between 500 and 800 lbs , with an average doing a good job with acetabular component positioning , 
recorded pulse duration 0 . 8 ms . achieving the perfect cup ” every time . Hence the BMD 

Test 4 : Into an unused 53 mm socket , the cup was pulsed concept eliminates the most common cause of complications 
using the oscillation engine and the pulse transfer assembly . in hip replacement surgery which has forever plagued the 
Recorded impacts between 250 and 800 lbs , and an average 25 surgeon , the patients and the society in general . 
recorded pulse duration 0 . 8 ms . Insertion completed in 3 . 37 It is known to use ultra sound devices in connection with 
seconds , 202 impact hits . some aspects of THR , primarily for implant removal ( as 

Test 5 : Into an unused 53 mm socket , the cup was inserted some components may be installed using a cement that may 
with standard hammer ( for reference ) . Recorded impacts be softened using ultrasound energy ) . There may be some 
between 500 and 800 lbs , and an average recorded pulse 30 suggestion that some ultrasonic devices that employ " ultra 
duration 22 . 0 ms . Insertion completed in 4 seconds using 10 sound ” energy could be used to insert a prosthesis for final 
impact hits for a total pressure time of 220 ms . This test was fit , but it is in the context of a femoral component and it is 
performed rapidly to complete it in 5 seconds for good believed that these devices are not presently actually used in 
comparability with tests 3 and 4 used 240 hits in 4 seconds , the process ) . Some embodiments of BMD , in contrast , can 
with a single hit duration of 0 . 8 ms , for a total pressure time 35 simply be a vibratory device ( non ultrasonic ) , and may not 
of 192 ms . be ultrasonic and some implementations may include ultra 

In non - rigorous comparison testing without a direct com sonic operation , and may be more profound than simply an 
parison between system 400 and system 800 , generally it implantation device as it is most preferably a positioning 
appears that the forces used for installation using system 800 device for the acetabular component in THR . Further , there 
were lower than system 400 by a factor of 10 . This suggests 40 is a discussion that ultrasound devices may be used to 
that there are certain optimizing characteristics for operation prepare bones for implanting a prosthesis . BMD does not 
of an installation system . There are questions such as to how address preparation of the bone as this is not a primary thrust 
low these forces can be modulated and still allow easy of this aspect of the present invention . Some implementa 
insertion of the prosthetic cup in this model and in bone . tions of BMD may include a similar or related feature . The 
What is the lowest force required for insertion of a prosthetic 45 forces applied by the vibration will be less than an impact 
cup in to this substrate using the disclosed concepts ? What force and preferably enable installation without requiring 
is the lowest force required for insertion of a prosthetic cup impact forces applied to the mechanism by which the 
into hard bone using these concepts ? And what is the lowest equilibrium point is moved during installation of the vibrat 
force required for insertion of a prosthetic cup into soft and ing implant . That mechanism may be hand pressure from the 
osteoporotic bone using these concepts ? These are the 50 surgeon guiding the vibrating implant into a desired depth 
questions that can be addressed in future phase of imple - and orientation or may include some other mechanical 
mentations of the present invention . application of less - than - impact force to adjust the equilib 

Additionally , basic studies can further be conducted to rium point . 
correlate a density and a porosity of bone at various ages Some embodiments BMD include devices that concern 
( e . g . , through a cadaver study ) with an appropriate force 55 themselves with proper installation and positioning of the 
range and vibratory motion pattern required to insert a cup prosthesis ( e . g . , an acetabular component ) at the time of 
using the present invention . For example a surgeon will be implanting of the prosthesis . Very specifically , it uses some 
able to insert sensing equipment in patient bone , or use other form of vibratory energy coupled with a variety of “ real time 
evaluative procedures , ( preoperative planning or while per - measurement systems ” to POSITION the cup in a perfect 
forming the procedure for example ) to asses - porosity and 60 alignment with minimal use of force . A prosthesis , such as 
density of bone . Once known , the density or other bone for example , an acetabular cup , resists insertion . Once 
characteristic is used to set an appropriate vibratory pattern inserted , the cup resists changes to the inserted orientation . 
including a force range on an installation system , and thus The BMDs of the present invention produce an insertion 
use a minimal required force to insert and / or position the vibratory motion of a secured prosthesis that reduces the 
prosthesis . 65 forces resisting insertion . In some implementations , the 
BMD is a “ must have ” device for all medical device BMD may produce a positioning vibratory motion that 

companies and surgeons . Without BMD the Implantation reduces the forces resisting changes to the orientation . There 
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are some implementations that produce both types of sure and airflow . An inline regulator is used to control the 
motion , either as a single vibratory profile or alternative input pressure , allow some gross control of impact force and 
profiles . In the present context for purposes of the present frequency . A possible drawback to this approach in some 
invention , the vibratory motion is characterized as “ floating ” applications is that high pressure ( ~ 100 PSI ) compressed air 
the prosthesis as the prosthesis can become much simpler to 5 is required , low impact forces are generated , and it is 
insert and / or re - orient while the desired vibratory motion is difficult to design for a specific impact force and frequency . 
available to the prosthesis . Some embodiments are described FIG . 16 illustrates a first representative implementation 
as producing vibrating prosthesis with a predetermined 1600 of the second template . This device is similar in 
vibration pattern . In some implementations , the predeter - construction to implementation 1300 discussed herein , in 
mined vibration pattern is predictable and largely com - 10 that a motor is directly connected to a cam via a torque 
pletely defined in advance . In other implementations , the multiplying gear train . Instead of having the cam directly 
predetermined vibration pattern includes randomized vibra - displace the instrument shaft , the cam displaces a spring that 
tory motion in one or more motion freedoms of the available is positioned proximally of the shaft by means of a rocker 
degrees of freedom ( up to six degrees of freedom ) . That is , assembly . The profile of the cam is such that the spring is 
whichever translation or rotational freedom of motion is 15 compressed between impacts , until a maximum compression 
defined for the vibrating prosthesis , any of them may have is reached and the spring is released , driving the shaft 
an intentional randomness component , varying from large to forward and generating an impact force . The benefit of such 
small . In some cases the randomness component in any a design is that the work of the cam can be harnessed and 
particular motion may be large and in some cases predomi - stored as potential energy between impacts , increasing the 
nate the motion . In other cases the randomness component 20 resulting impact forces for a given motor . While the proto 
may be relatively small as to be barely detectable . type tested uses a removable rocker to transmit forces from 

FIG . 10 - FIG . 12 are generic mechanical templates for the cam to the shaft spring , the mechanism can be designed 
representative vibratory devices . FIG . 10 illustrates a first to have the cam translate the spring directly . Frequencies 
template for a mechanical device 1000 converting rotary between 50 - 500 Hz have been tested using the prototype , 
motion of an engine ( e . g . , rotary motor ) into linear motion 25 along with forces up to 500 lbf . 
of a shaft ; FIG . 11 illustrates a second template for a FIG . 17 - FIG . 19 illustrates a second representative imple 
mechanical device 1100 converting rotary motion of an mentation 1700 of the first template for a substitutable / 
engine ( e . g . , a rotary motor ) into linear motion of a shaft ; replaceable BMD3 head to be coupled to a rotary motor . 
and FIG . 12 illustrates a first template for a mechanical FIG . 17 illustrates an exterior perspective view of the second 
device 1200 converting a pneumatic engine into linear 30 implementation 1700 , FIG . 18 illustrates an interior perspec 
motion of a shaft . The systems are variations on the theme tive view of the second implementation 1700 ; and FIG . 19 
of conversion of non - linear motion into linear motion . illustrates an alternative interior perspective view of the 

FIG . 13 - FIG . 15 illustrates a first representative imple - second implementation 1700 . Implementation 1700 includes 
mentation 1300 of the first template . FIG . 13 illustrates a a set of M5 screws 1805 , a RH Housing Bed Roof 1810 , a 
perspective exterior view of the first implementation ; FIG . 35 converter assembly 1815 , an impact rod 1820 , and a motor 
14 illustrates a perspective interior view of first implemen - cap 1825 . 
tation 1300 ; and FIG . 15 illustrates a perspective exploded The BMD3 materialization described here was designed 
view of first implementation 1300 . This design includes a to work under the concept of a replaceable head . This means 
DC motor directly connected to a two lobed cam by means that the device could be attached to another device able to 
of an appropriately sized gear train . The gear train acts as a 40 control it and add more intelligence to its behavior by means 
torque multiplier , and is designed to generate impacts at of additional sensors and processed signals . The device 
roughly 50 Hz . The cam impacts the proximal end of the intended to be attached to the BMD3 is often called 
instrument shaft , which is allowed to translate axially mechatronic handle and will not be discussed here ( see U . S . 
roughly 7 mm . A spring with a fairly low spring force also patent application Ser . No . 15 / 235 , 094 filed 11 Aug . 2016 , 
acts to push the instrument shaft forward distally , requiring 45 hereby expressly incorporated by reference in its entirety for 
the user to press down on the device in order to compress the all purposes ) . FIG . 17 illustrates the BMD3 housed as a 
spring and allow the cam to come in contact with the replaceable head . 
instrument shaft . This ensures that the device does not The mechanism of the BMD3 may include a simple slider 
generate impacts unless the user is purposely engaging the crank mechanism with a spring attached to an additional 
device , reducing user error and tool wear . A drawback to this 50 piston with two purposes : 1 ) avoid subtle impacts loading 
approach is that the device is fairly limited with the impact the axis of the motor ; 2 ) allow the designer to change the 
force that can be generated , as only the motor torque and mass of the additional piston and the stiffness of the spring 
rotational inertia of the cam is used . in order to achieve different resonant frequencies . The motor 

FIG . 8 illustrates an example of a pneumatic system . This is a high speed brushless DC motor able to achieve 60 , 000 
design may use pressurized air as the energy source . Mim - 55 RPM in no load conditions , which puts the mechanism close 
icking the construction of an impact gun or jack hammer , the to the range of 1 kHz when load is considered . 
device includes two air channels controlled by a directional FIG . 19 illustrates the mechanism and its main compo 
valve . The instrument shaft is designed in such a way that it nents . It is important to note that this mechanism can be 
displaces proximally when the valve is in the first direction , either housed as a replaceable head or just attached to simple 
and distally when the valve is in the second direction . The 60 supporting test plates . This is the functional prototype form 
pressure differential across the valve determines its direc - which allows the mechanism to be tested even when its 
tion , resulting in an oscillation of the valve between its two replaceable head form is not ready . Thus , FIG . 17 - FIG . 19 
directions . This in turn generates the vibratory impacts of the show the alternative BMD3 in the following forms respec 
instrument shaft . Impact force is determined by the pressure , tively : replaceable head housing and no housing ( just 
air flow , and design of both the instrument shaft and air 65 mechanism ) . 
channels . The frequency of impact is determined by the air In FIG . 19 , mechanism assembly 1815 includes a crank 
channel and valve construction , along with the input pres - shaft 1905 , a motor 1910 , a connecting rod 1915 , a slide 
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guide ( upper ) 1920 , a piston 1925 , a sliding spring 1930 , an scope and spirit of the invention as set forth . Therefore , 
impact piston 1935 , and a slider guide ( lower ) 1940 . many modifications may be made to adapt a particular 

The system and methods above has been described in situation or material to the essential scope and spirit of the 
general terms as an aid to understanding details of preferred present invention . It is intended that the invention not be 
embodiments of the present invention . In the description 5 limited to the particular terms used in following claims 
herein , numerous specific details are provided , such as and / or to the particular embodiment disclosed as the best 
examples of components and / or methods , to provide a mode contemplated for carrying out this invention , but that 
thorough understanding of embodiments of the present the invention will include any and all embodiments and 
invention . Some features and benefits of the present inven - equivalents falling within the scope of the appended claims . 
tion are realized in such modes and are not required in every 10 Thus , the scope of the invention is to be determined solely 
case . One skilled in the relevant art will recognize , however , by the appended claims . 
that an embodiment of the invention can be practiced 
without one or more of the specific details , or with other What is claimed as new and desired to be protected by 
apparatus , systems , assemblies , methods , components , Letters Patent of the United States is : 
materials , parts , and / or the like . In other instances , well - 15 1 . A vibratory device for installation of a prosthesis into 
known structures , materials , or operations are not specifi - a cavity prepared in a portion of a bone , comprising : 
cally shown or described in detail to avoid obscuring aspects an engine producing a motion ; 
of embodiments of the present invention . a shaft coupled to the prosthesis ; 

Reference throughout this specification to " one embodi a converter , coupled to said engine and to said shaft , 
ment " , " an embodiment " , or a specific embodiment ” means 20 producing a series of longitudinal vibrations in said 
that a particular feature , structure , or characteristic described shaft and the prosthesis responsive to said motion ; 
in connection with the embodiment is included in at least wherein said converter includes a cam having a cam 
one embodiment of the present invention and not necessarily surface responsive to said rotary motion and wherein 
in all embodiments . Thus , respective appearances of the said shaft is coupled to said cam surface ; and 
phrases “ in one embodiment " , " in an embodiment " , or " in a 25 wherein said converter includes a rocker arm coupled 
specific embodiment ” in various places throughout this between said cam surface and said shaft with a first 
specification are not necessarily referring to the same end of said rocker arm coupled to said cam surface 
embodiment . Furthermore , the particular features , struc and a second end of said rocker arm coupled to said 
tures , or characteristics of any specific embodiment of the shaft and wherein a biasing structure is coupled to 
present invention may be combined in any suitable manner 30 said second end . 
with one or more other embodiments . It is to be understood 2 . A vibratory device for installation of a prosthesis into 
that other variations and modifications of the embodiments a cavity prepared in a portion of a bone , comprising : 
of the present invention described and illustrated herein are an engine producing a motion ; 
possible in light of the teachings herein and are to be a shaft coupled to the prosthesis ; 
considered as part of the spirit and scope of the present 35 a converter , coupled to said engine and to said shaft , 
invention . producing a series of longitudinal vibrations in said 

It will also be appreciated that one or more of the elements shaft and the prosthesis responsive to said motion ; 
depicted in the drawings / figures can also be implemented in wherein said engine includes a rotary motor and 
a more separated or integrated manner , or even removed or wherein said motion includes a rotary motion ; 
rendered as inoperable in certain cases , as is useful in 40 wherein said converter includes a cam having a cam 
accordance with a particular application . surface responsive to said rotary motion and wherein 

Additionally , any signal arrows in the drawings / Figures said shaft is coupled to said cam surface ; 
should be considered only as exemplary , and not limiting , 
unless otherwise specifically noted . Combinations of com wherein said converter includes a rocker arm coupled 
ponents or steps will also be considered as being noted , 45 between said cam surface and said shaft with a first 
where terminology is foreseen as rendering the ability to end of said rocker arm coupled to said cam surface 
separate or combine is unclear . and a second end of said rocker arm coupled to said 

The foregoing description of illustrated embodiments of shaft and wherein a biasing structure is coupled to 
the present invention , including what is described in the said second end . 
Abstract , is not intended to be exhaustive or to limit the 50 3 . A vibratory device for installation of a prosthesis into 
invention to the precise forms disclosed herein . While a cavity prepared in a portion of a bone , comprising : 
specific embodiments of , and examples for , the invention are an engine producing a motion ; 
described herein for illustrative purposes only , various a shaft coupled to the prosthesis ; 
equivalent modifications are possible within the spirit and a converter , coupled to said engine and to said shaft , 
scope of the present invention , as those skilled in the 55 producing a series of longitudinal vibrations in said 
relevant art will recognize and appreciate . As indicated , shaft and the prosthesis responsive to said motion ; 
these modifications may be made to the present invention in wherein said engine includes a pneumatic motor and 
light of the foregoing description of illustrated embodiments wherein said motion includes a flow of a fluid ; 
of the present invention and are to be included within the wherein said converter includes a cam having a cam 
spirit and scope of the present invention 60 surface responsive to said flow and wherein said 

Thus , while the present invention has been described shaft is coupled to said cam surface ; 
herein with reference to particular embodiments thereof , a wherein said converter includes a rocker arm coupled 
latitude of modification , various changes and substitutions between said cam surface and said shaft with a first 
are intended in the foregoing disclosures , and it will be end of said rocker arm coupled to said cam surface 
appreciated that in some instances some features of embodi - 65 and a second end of said rocker arm coupled to said 
ments of the invention will be employed without a corre shaft and wherein a biasing structure is coupled to 
sponding use of other features without departing from the said second end . 

and 
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4 . A vibratory device for installation of a prosthesis into an engine producing a motion ; 

a cavity prepared in a portion of a bone , comprising : a shaft coupled to the prosthesis ; 
an engine producing a motion ; a converter , coupled to said engine and to said shaft , 
a shaft coupled to the prosthesis ; producing a series of longitudinal vibrations in said 
a converter , coupled to said engine and to said shaft , 5 shaft and the prosthesis responsive to said motion ; 
producing a series of longitudinal vibrations in said wherein said engine includes a rotary motor and 
shaft and the prosthesis responsive to said motion ; wherein said motion includes a rotary motion ; and 
wherein said engine includes a rotary motor and wherein said converter includes a cam having a cam 

wherein said motion includes a rotary motion ; surface responsive to said rotary motion with said 
wherein said converter includes a cam having a cam cam surface coupled to a shaft spring by a rocker 

surface responsive to said rotary motion and wherein assembly , further comprising a gear train coupled to 
said shaft is coupled to said cam surface ; said cam , and wherein said shaft spring is coupled to 

wherein said rotary motor includes a direct current said shaft . 
( DC ) motor , wherein said cam surface defines a two 6 . The vibratory device of claim 5 wherein said cam 
lobed surface directly connected to said DC motor by 13 S Storby 15 surface , said rocker assembly , and said shaft spring are 
a gear train ; configured to produce said series of longitudinal vibrations 

in said shaft and the prosthesis responsive to said motion wherein said gear train is configured to produce said 
series of longitudinal vibrations in said shaft and the between 50 - 500 Hz . 
prosthesis responsive to said motion at about 50 Hz ; 7 . The vibratory device of claim 5 wherein said cam 

wherein said shaft includes a distal end coupled to the 20 he 20 surface , said rocker assembly , and said shaft spring are 
prosthesis and a proximal end proximate said cam configured to produce said series of longitudinal vibrations 

in said shaft and the prosthesis responsive to said motion surface and wherein said proximal end is coupled to 
an inline spring to bias said proximal end away from with a force of up to 500 lbf . 

8 . The vibratory device of claim 7 wherein said cam said cam surface , and 
wherein a compression of said inline spring is config - 25 - 25 surface , said rocker assembly , and said shaft spring are 

ured to contact said proximal end to said cam sur configured to produce said series of longitudinal vibrations 
in said shaft and the prosthesis responsive to said motion face . 

5 . A vibratory device for installation of a prosthesis into between 50 - 500 Hz . 
a cavity prepared in a portion of a bone , comprising : 


