
Systems and methods for making and using sliding counterbalanced C-arm positioning 

devices are described. In such systems and methods, each C-arm positioning device includes a 

C-arm X-ray device, a linear bearing rail, a linear bearing block, and a counterbalance 

mechanism. Generally, the C-arm is connected to the linear bearing block, which, in turn, is 

slidably coupled to the bearing rail to allow the bearing block and C-arm to slide up and down on 

the rail. The counterbalance mechanism can apply a force to the bearing block to counterbalance 

the weight of the C-arm and the bearing block. Thus., the described C-arm positioning device 

can allow a user to easily raise or lower the C-arm with relatively little effort. While some 

implementations of the C-arm positioning device are connected to mobile support structure, 

other implementations of the C-arm positioning device are mounted to a fixed support structure. 

Other implementations are also described. 



WE CLAIM: 

1. An X-ray positioning device, comprising: 

a substantially linear bearing rail (80); 

a C-arm (25) having an X-ray source (65) and an image detector (70) disposed at nearly 

opposing locations of the C-arm (25), wherein the C-arm (25) is connected to a linear bearing 

block (35), and wherein the linear bearing block (35) is slidably coupled with the linear bearing 

rail (80) to allow the C-arm (25) to slide vertically in two directions; and 

a counterbalance mechanism (40) that applies a force to the linear bearing block (35) to 

substantially counterbalance at least a portion of the weight of the C-arm (25) and the linear 

bearing block (35). 

2. The device of claim 1, wherein the counterbalance mechanism (40) 

comprises a constant force spring (100). 

3. The device of claim 2, wherein the coimterbalance mechanism (40) 

comprises a spring motor (115). 
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4. The device of claim 2, wherein the constant force spring (100) 

coils above the linear bearing block (35). 

5. The device of claim 2, wherein the constant force spring (100) 

does not coil above the linear bearing block (35). 

6. The device of claim 1, wherein the coimterbalance mechanism (40) 

is connected to the linear bearing block (35) by a flexible cormector (125) that is 

guided to the linear bearing block (35) by a rotatable wheel (155). 

7. The device of claim 1, wherein the linear bearing block (35) has a 

stroke of more than about 24 inches. 
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8. The device of claim 1, further comprising a C-arm support arm 

(45) that pivotally comiects the C-arm (25) to the linear bearing block (35). 

9. The device of claim 1, wherein the C-arm support arm (45) 

comprises an elongated section that is permanently angled to rise above an upper 

end of the linear bearing block. 

10. An X-ray positioning device comprising: 

a substantially linear bearing rail that is coupled to and supported on a mobile support 

structure that is movable across a floor; 

a C-arm having an X-ray source and an image detector disposed at nearly opposing 

locations of the C-arm, wherein the C-arm is connected to a linear bearing block, and wherein 

the linear bearing block is slidably coupled with the linear bearing rail to allow the C-arm to 

slide vertically in two directions; and 

a constant force spring that applies a force to the linear bearing block to substantially 

counterbalance the weight of at least the C-arm and the linear bearing block. 

11. The device of claim 10, wherein the constant force spring is part of 

a spring motor. 

12. The device of claim lo,'wherein the constant force spring coils 

above the linear bearing block. 

13. The device of claim 10, wherein the linear bearing block has a 

vertical stroke that is greater than about 24 inches. 

14. The device of claim 10, wherein the constant force spring does not 

coil above the linear bearing block. 
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15. The device of claim 14, wherein the constant force spring is 

connected to the linear bearing block by a flexible connector that is guided to the 

linear bearing block by a rotatable wheel. 

16. An X-ray positioning device comprising: 

a linear bearing rail that is coupled to and supported on a mobile support structure that is 

movable across a floor; 

a linear bearing block that is slidably coupled with the linear bearing rail so the linear 

bearing block is vertically movable in two directions and has a stroke that is greater than about 

24 inches; 

a C-arm support arm having a first end that is coupled to the linear bearing block; 

a C-arm having an X-ray source and an image detector disposed at opposing locations of 

the C-arm, wherein the C-arm is connected to a second end of the C-arm support arm; 

a constant force spring that applies a force to the linear bearing block to substantially 

counterbalance the weight of at least the linear bearing block, the C-arm support arm, and the C-

arm, and wherein the constant force spring coils above the linear bearing block. 

17. The device of claim 16, wherein the C-arm support arm comprises 

an elongated section that is permanently angled to rise above an upper end of the 

linear bearing block. 

18. The device of claim 16, wherein the constant force spring is part of 

a spring motor. 

19. A method for making an X-ray positioning device, the method 

comprising: 

providing a linear bearing rail; 
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slidably coupling a linear bearing block to the linear bearing rail so that the linear bearing 

block is able to slide vertically in two directions; 

connecting a C-arm to the linear bearing block, wherein the C-arm comprises an X-ray 

source and an image detector disposed at opposing locations of the C-arm; and 

connecting a constant force spring to the linear bearing block to apply a force to the linear 

bearing block to substantially counterbalance the weight of at least the linear bearing block and 

the C-arm. 

20. The method of claim 19, wherein the linear bearing block has a 

vertical stroke that is greater than about 24 inches. 

21. The method of claim 19, wherein the constant force spring is part 

of a spring motor. 

22. The method of claim 19, wherein the constant force spring is 

connected to the linear bearing block by a flexible connector that is guided to the 

linear bearing block by a rotatable wheel. 

23. A method for using an X-ray positioning device, the method 

comprising: 

providing an X-ray positioning device comprising: 

a linear bearing rail that is coupled 'to and supported on a mobile support 

structure that is movable across a floor; 

a C-arm having an X-ray source and an image detector disposed at opposing 

locations of the C-arm, wherein the C-arm is connected to a linear bearing block, and 

wherein the linear bearing block is slidably coupled with the linear bearing rail to allow 

the C-arm to slide vertically in two directions; and 
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a constant force spring that applies a force to the Unear bearing block to 

substantially counterbalance the weight of at least the C-arm and the linear bearing block; 

and 

moving the linear bearing block in one of the two directions. 

24. The method of claim 23, wherein the linear bearing block has a 

vertical stroke that is greater than about 24 inches. 

25. The method of claim 23, wherein the constant force spring is part 

ofa spring motor. 
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FIELD 

This application relates generally to X-ray equipment. More specifically, this application 

relates to sliding counterbalanced C-arm positioning devices that allow their users to easily raise 

and lower a C-arm of an X-ray machine. 

BACKGROUND 

X-ray machines are known devices that allow individuals, such as healthcare 

practitioners, to capture images, in a relatively non-intrusive manner, of bones, bone density, 

implanted devices, catheters, pins, and a wide variety of other objects and materials that are 

within a patient's body. In this regard, the term X-ray may refer to any suitable type of X-ray 

imaging, including film X-ray shadowgrams and X-ray fluoroscopic imaging, which may refer to 

images that are produced by the conversion of an incident X-ray pattern to a "live" enhanced or 

intensified optical image that can be displayed on a video monitor, nearly contemporaneously 

with the irradiation of the portion of the patient's body that is being imaged. 

Often, when a practitioner takes X-rays of a patient, it is desirable to take several X-rays 

of one or more portions of the patient's body from a number of different positions and angles, 

and preferably without needing to frequently reposition the patient. To meet this need, C-arm X-

ray diagnostic equipment has been developed. The term C-arm generally refers to an X-ray 

imaging device having a rigid and/or articulating structural member having an X-ray source and 

an image detector assembly that are each located at an opposing end of the structural member so 
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that the X-ray source and the image detector face each other. The structural member is typically 

"C" shaped and so is referred to as a C-arm. In this manner, X-rays emitted from the X-ray 

source can impinge on the image detector and provide an X-ray image of the object or objects 

that are placed between the X-ray source and the image detector. 

In many cases, C-arms are connected to one end of a movable arm. In such cases, the C-

arm can often be raised and lowered, be moved from side to side, and/or be rotated about one or 

more axes of rotation. Accordingly, such C-arms can be moved and reoriented to allow X-ray 

images to be taken from several different positions and angles and different portions of a patient, 

without requiring the patient to be frequently repositioned. 

SUMMARY 

This application relates to X-ray positioning devices. In particular, this application 

discusses systems and methods for making and using sliding, counterbalanced C-arm positioning 

devices. In such systems and methods, each C-arm positioning device comprises a C-arm X-ray 

device, a linear bearing rail, a linear bearing block, and a counterbalance mechanism. Generally, 

the C-arm can be connected (directly or indirectly) to the linear bearing block, which, in turn, 

can be slidably coupled to the linear bearing rail. In 'this maimer, the linear bearing block can 

slide up and down the rail to raise and lower the C-arm". The counterbalance mechanism can be 

configured to apply a force to the linear bearing block to substantially counterbalance the weight 

of the C-arm and the bearing block. Thus, the described C-arm positioning device can allow a 

user to easily raise and lower the C-arm with relatively little effort. Additionally, while some 

implementations of the C-arm positioning device are connected to a mobile support structure, in 

other implementations, the C-arm positioning device is mounted to a fixed support structure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following description can be better understood in light of the Figures, in which: 

Figure 1 shows a front perspective view of some embodiments of a sliding C-arm 

positioning device having a counterbalance mechanism that is at least partially disposed above a 

linear bearing block; 

Figure 2 shows a side perspective view of the C-arm positioning device of Figure 1; 

Figure 3 A shows a side plan view of the C-arm positioning device of Figure 1; 
i 

Figure 3B shows a cross-sectional side view of the C-arm positioning device of Figure 1; 

Figure 4 shows a back perspective view of the C-arm positioning device of Figure 1; 

Figure 5 shows a side plan view of some embodiments of a sliding C-arm positioning 

device having the counterbalance mechanism that is at least partially disposed below the linear 

bearing block; 

Figure 6 shows a bottom plan view of some embodiments of a portion of the sliding C-

arm positioning device that have a spring motor; 

Figure 7 shows a cross-sectional side view of the C-arm positioning device of Figure 5; 

Figure 8 shows a side perspective view of the C-arm positioning device of Figure 5; and 

Figure 9 shows a side perspective view of sonie embodiments of the C-arm positioning 

device comprising a cover and monitor. 

The Figures illustrate specific aspects of the described sliding C-arm positioning devices 

and methods for making and using such devices. Together with the following description, the 

Figures demonstrate and explain the principles of the structures, methods, and principles 
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described herein. In the drawings, the thickness and size of components may be exaggerated or 

otherwise modified for clarity. The same reference ntunerals in different drawings represent the 

same element, and thus their descriptions will not be repeated. Furthermore, well-known 

structures, materials, or operations are not shown or described in detail to avoid obscuring 

aspects of the described devices. 

DETAILED DESCRIPTION 

The following description supplies specific details in order to provide a thorough 

imderstanding. Nevertheless, the skilled artisan will understand that the described C-arm 

positioning devices and associated methods of making and using the devices can be implemented 

and used without employing these specific details. Indeed, the sliding counterbalanced C-arm 

positioning devices and associated methods can be placed into practice by modifying the 

described devices and methods and can be used in conjunction with any other apparatus and 

techniques conventionally used in the industry. For example, while the description below 

focuses on methods for making and using the C-arm positioning device for mini C-arms, the C-

arm positioning device can be used with standard C-arm devices. 

The present application describes sliding counterbalanced imaging arm positioning 

devices that allow a user to raise and lower the X-ray assembly in the imaging arm with 

relatively little physical effort. The positioning device can be used with any type of imaging 

arm, including an 0-arm or a C-arm. In some embodiments, the positioning device can be used 

with C-arm devices. 

While the described sliding counterbalanced C-arm positioning devices can comprise any 

suitable component that allows the devices to provide this fiinction. Figure 1 shows some 
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embodiments in which the sliding counterbalanced; C-arm positioning device (or C-arm 

positioning device) 20 comprises a C-arm X-ray assembly (or C-arm) 25, a linear bearing rail 

assembly 30, a linear bearing block 35, and a counterbalance mechanism 40. Figure 1 also 

shows that, in some embodiments, the C-arm positioriing device 20 optionally comprises a C-

arm support arm 45, a bearing rail support structure 50, and/or a C-arm rotational system 55. To 

provide a better understanding of the C-arm positioning device, each of the aforementioned 

components is described below in more detail. 

The C-arm 25 can comprise any suitable C-arm that allows the C-arm positioning device 

20 to be used to take X-ray images of a portion of a patient's body (not shown). For example, 

the C-arm can comprise a mini C-arm, a standard C-arm, a fixed x-ray detector and source 

structure, a variable x-ray detector and source structure and/or any other suitable type of C-arm 

X-ray assembly. By way of illustration, Figure 1 shows"some embodiments in which the C-arm 

25 comprises a mini C-arm 60. 

The C-arm 25 can also comprise any suitable component that allows it to fiinction as 

intended. For example. Figure 1 shows some embodiments in which the C-arm 25 comprises an 

X-ray source 65 and an X-ray image detector 70 that are respectively disposed at nearly opposite 

ends of the C-arm so as to face each other. The X-ray image detector can be any known 

detector, including a digital flat panel detector or an image intensifier. Figure 1 also shows that 

the X-ray source 65 and image detector 70 are spaced apart to define a gap 75 that is large 

enough to allow a portion of a patient's body {e.g., a limb, an extremity, etc.) to be inserted into 
• i 

the path of the X-ray beam (not shown) for X-ray imaging. 

The linear bearing rail assembly 30 can serve any suitable purpose, including providing a 

guide, support, and/or rail on which the linear bearing block 35 (described below) and C-arm 25 
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can slide in two directions (e.g., vertically up and down). In this regard, the linear bearing rail 

assembly can comprise any suitable component that allbws the assembly to function as intended. 
•ran-. 

By way of illustration, Figure 1 shows some embodiments in which the linear bearing rail 

assembly 30 comprises a linear bearing rail 80 and optionally comprises a linear bearing rail 

spine 85. 

The linear bearing rail 80 can comprise any known or novel linear bearing rail that can be 

coupled to the linear bearing block 35 in a manner that allows the bearing block and C-arm to be 

raised and lowered in the manner described herein. Indeed, some examples of suitable linear 

bearing rails include one or more conventional or novel T-rails, U-rails, T+U rails, V-rails, 

monorails, telescopic drawer slides, linear slides, curved bearing rails, roller embossed rails, 

round shaft rails (i.e., single rail, double rail, etc.), square shaft rails (i.e., single rail, double rail, 

etc.), threaded shaft, helical shaft, or any combination,^hereof By way of illustration. Figure 1 

shows some embodiments in which the linear bearihgTail 80 comprises a linear bearing or linear 

guide. 

The linear bearing rail 80 can have any suitable characteristic that allows it to ftilfiU its 

intended purpose. In one example, the linear bearing rail can comprise one or more grooves that 

are sized and shaped to receive rollers (e.g., wheels, bearings, etc.) from the linear bearing block 

35. In another example, the linear bearing rail comprises one or more raised rails that fit within 

one or more corresponding roller mechanisms (e.g., one or more wheels, bearing raceways, etc.) 

of the linear bearing block. In still another example, the linear bearing rail 80 can be any suitable 

length. Indeed, in some embodiments, the linear bearing rail can be a length selected from about 

10 inches, about 24 inches, about 34 inches, about 48 inches, about 56 inches, about 120 inches, 
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and any suitable combination or sub-range of the these lengths. For instance, some embodiments 

of the linear bearing rail can be about 24, about 36, or about 48 inches. 

Where the linear bearing rail assembly 30 comprises a spine 85, the spine can serve any 
• t r 

suitable purpose, including acting to physically support the linear bearing rail 80. Moreover, 
i \ ^'T " 

where the linear bearing rail assembly includes the spine, the spine can comprise any suitable 

component that is capable of physically supporting the linear bearing rail. By way of example, 

the spine can comprise a solid shaft/bar, a hollow pipe/tube, a rail, a guide, a dovetail, a 

combination of these elements, and/or any other suitable support. 

The linear bearing block 35 can serve any suitable purpose, including slidably attaching 

the C-arm 25 to the linear bearing rail 80 to allow the C-arm to be moved in two directions (e.g., 

vertically up and down). Accordingly, the linear bearing block can comprise any suitable 

component that allows it to slidably couple with the linear bearing rail and to connect to and 

support the weight of the C-arm. Indeed, in some^embodiments, the linear bearing block 
• ' J I L 

comprises one or more rollers (e.g., bearings, wheels,̂ ball guides with balls, linear ball bearings, 

etc.). Moreover, in some embodiments, the linear bearing block is configured to slidably couple 

with the linear bearing rail by having one end of the fail mserted into the block. 

Because the linear bearing rail 80 can be any suitable length (as discussed above), the 

linear bearing block 35 can have any suitable maximum range of movement, or stroke, hideed, 

in some implementations, the linear bearing block has a stroke that is substantially equal to the 

length of the linear bearing rail less the height of the linear bearing block. Accordingly, in some 

embodiments, the linear bearing block has a stroke with a length selected fi-om about 10 inches, 

about 12 inches, about 24 inches, about 36 inches, about 48 inches, about 60 inches, about 80 

inches, about 100 inches, and about 120 inches. In this regard, the linear bearing block can have 
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any suitable stroke that falls within any suitable combination or sub-range of the aforementioned 

stroke lengths. For instance, some embodiments of the C-arm positioning device have a linear 

bearing block having a stroke that is greater than about 24 and less than about 48 inches (e.g., 

about 36 ± 5 inches). In still other embodiments, the linear bearing block has a stroke that is 

longer than about 32 inches (e.g., longer than about 34 inches) and less than about 44 inches. 

The linear bearing block 35 can also comprise any other suitable component or 

characteristic that allows it to fimction as intended. For instance, Figures 1 and 2 shows some 

embodiments in which the linear bearing block 35 comprises a carriage 90. hi such 

embodiments, the carriage can perform any suitable function, including serving as a cormection 

point for the counterbalance mechanism 40 and/or a brake system (e.g., to stop the vertical 

movement of the linear bearing block). To this end, the carriage can have any suitable 

characteristic that allows it to perform its intended functions. For example. Figures 3 A through 4 

show that the carriage 90 can wrap around at least a portion of the linear bearing rail assembly 30 

and serve as a connection point 95 for the counterbalance mechanism 40 on the linear bearing 

block. 

The counterbalance mechanism 40 can serve''any suitable purpose. Indeed, in some 

embodiments, the counterbalance mechanism applies a force to the linear bearing block 35 

(directly or indirectly) to counterbalance at least a portion of the weight of the linear bearing 

block, the C-arm 25, and/or any other component or components of the C-arm positioning device 

20 that rest their weight on the linear bearing block (e.g., the C-arm support arm 45, power 

cables, etc.), collectively referred to herein as the linear bearing block assembly 200. 

Where the counterbalance mechanism 40 counterbalances the weight of the linear bearing 

block assembly 200, a user can raise or lower the'C-arm 25 with relatively little effort. 
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Furthermore, where the counterbalance mechanism counterbalances the weight of the linear 

bearing block assembly, the counterbalance mechanism can help maintain the position of the 

linear bearing block 35 with respect to the linear bearing rail 80. In this manner, the 

counterbalance mechanism can help prevent the linear bearing block from creeping down (due to 

the force of gravity on the linear bearing block assemljly being greater than the upward force of 
• a 

the counterbalance mechanism on the linear bearing block) and from creeping up on the rail (due 

to the upward force of the counterbalance mechanism being greater than the force of gravity on 

the linear bearing block assembly). 

The counterbalance mechanism 40 can comprise any suitable component that allows it to 

substantially counterbalance the weight of the linear bearing block assembly 200. Some 

examples of suitable counterbalance mechanisms comprise one or more constant force springs, 

spring motors, gas springs, tension springs, torsion springs, compression springs, cams, hydraulic 

circuits, weights, pulleys and a cable, and/or any other suitable component that allows the 

counterbalance mechanism to fulfill its intended purpose. 

In one example of a suitable counterbalance mechanism 40, Figures 3 A through 4 show 

some embodiments in which the counterbalance mechanism 40 comprises one or more constant 

force springs 100. A constant force spring may comprise virtually any suitable spring that exerts 

a substantially constant force over its range of motion. That said, in some embodiments, each of 

the constant force springs is generally constructed as a rolled ribbon of spring steel. 

Where the counterbalance mechanism 40 comprises one or more constant force springs 

100, the mechanism can comprise any suitable number of constant force springs that allows it to 

substantially counterbalance the weight of the linear bearing block assembly 200. For instance, 

the counterbalance mechanism can comprise 1, 2, 3, 4, 5, 6, 7, 8, . . . 20, or more constant force 
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springs. Indeed, Figure 4 shows some embodiments in which the counterbalance mechanism 40 

comprises 8 constant force springs 100. In any case, in order to covmterbalance the weight of the 

linear bearing block assembly, the total upward force that the springs exert on the linear bearing 

block 35 is substantially equal to the weight of the linear bearing block assembly. 

Where the counterbalance mechanism 40 comprises one or more constant force springs 

100, the mechanism can also comprise any other suitable component that allows the C-arm 

positioning device 20 to function as intended. By way of illustration. Figure 4 shows some 

embodiments in which each of the constant force springs 100 of the counterbalance mechanism 

40 is configured to coil on a rotating spool 105 that is moimted to the C-arm positioning device 

20 (e.g., via bracket 110). Furthermore, while the constant force springs can be assembled in the 

counterbalance mechanism in any suitable manner, Figure 4 fiirther shows some embodiments in 

which pairs of corresponding constant force springs 100 coil in opposite directions so that 

springs fi-om a corresponding pair of coils can easily be connected to the same connection point 

95. 

In another example of a suitable counterbalance mechanism 40, Figures 5 and 6 show 

some embodiments in which the counterbalance mechanism 40 comprises a spring motor 115. 

In such embodiments, the spring motor can have any suitable characteristic consistent with its 

function described herein. By way of illustration, F'igure 6 (which shows a bottom view of only 

some components of the C-arm positioning device 20 of Figure 5) shows some embodiments in 

which the spring motor 115 comprises a housing 117 containing 4 constant force springs 100 that 

are each coiled around a rotating spool 105 and connected to a constant force spring drum 120, 

which, in turn, is fixed with respect to a flexible connector drum 125. In these embodiments, as 

the flexible connector (e.g., cable 130) is unwound fi-om the flexible connector drum, the 
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constant force springs are uncoiled from their respective constant force spools and are wound, at 

least partially, on the constant force spring drum—thus allowing the C-arm 25 to be lowered. 

While Figure 6 shows some embodiments of the spring motor 115 that comprise 4 

constant force springs 100, the spring motor may be modified in any suitable manner that allows 

it to perform its intended function. For example, the spring motor can comprise 1, 2, 3,4, 5, 6, 7, 

8, or more constant force springs, which are each attached to the constant force spring drum 120. 

The counterbalance mechanism 40 can be disposed in any suitable location that allows it 

to function as intended. Indeed, while in some embodiments, the counterbalance mechanism is 

disposed at least partially above the linear bearing block 35, as shown in Figure 4. In other 

embodiments, the counterbalance mechanism 40 can be located below or to the side of the linear 

bearing block, as shown in Figure 5. In one example, Figure 4 shows the coimterbalance 

mechanism 40 is mounted above the linear bearing block 35 to allow the constant force springs 

100 to coil above the linear bearing block. In another example. Figure 4 shows the springs (not 

shown) of the mechanism 40 are able to coil at least partially, below the linear bearing block 35. 

In another example, which is not illustrated, the counterbalance mechanism is mounted on the 

linear bearing block (e.g., so as to coil at the block) and/or the C-arm support arm assembly 45. 

Despite the location of the coimterbalance mechanism 40, the mechanism can be 

connected to the linear bearing block 35 in any suitalile manner that allows it to apply an upward 

force to the linear bearing block 35. In one example, springs 100 extending from the 

counterbalance mechanism are attached to the linear bearing block (directly or indirectly). By 

way of illusfration. Figure 4 shows some embodiments in which constant force springs 100 from 

the counterbalance mechanism 40 are attached to the linear bearing block 35 (e.g., via the 

carriage 90) at connection point 95. 
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In another example, the counterbalance mechanism 40 uses one or more flexible 

connectors {e.g., one or more cables, roller chains, belts, and/or any other suitable components) 

to apply a counterbalancing force to the linear bearing block 35. In this example, the C-arm 

positioning device 20 can optionally comprise one or more rotating wheels (e.g., pulleys, gears, 

spools, and/or any other suitable rotating components) to change the direction of the flexible 

connector so as to allow the counterbalance mechanism to apply an upward force to the linear 

bearing block, despite the mechanism's position. By way of illustration. Figures 5 shows some 

embodiments in which a cable 130 extends between the spring motor 115 and the linear bearing 

block 35, using multiple pulleys 135 to redirect the cable. 

In some embodiments, the C-arm 25 (or the G-arm rotational system 55) are connected 

directly to the linear bearing block 35. In other embodiments, the C-arm support arm 45 

connects the C-arm to the linear bearing block. In these latter embodiments, the C-arm support 

arm can have any suitable component or characteristic. By way of example, the C-arm support 

arm can have any suitable number of elongated sections and can optionally have any suitable 

nxunber or type of pivot joints. For instance. Figures 7 and 8 show some embodiments in which 

the C-arm support arm 45 comprises a first elongated section 140 and a second elongated section 

145. 

Where the C-arm support arm 45 comprises a first elongated section 140, that section can 

comprise any suitable component or characteristic. ' In one example, while the first elongated 

section can be pivotally attached to the linear bearing block 35, Figures 7 and 8 show some 

embodiments in which the first elongated section 140 is fixed in position with respect to the 

linear bearing block 35. In another example. Figures 7 and 8 show that the first elongated 
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section 140 can comprise a pivot joint 146 that pivotally attaches to the second elongated section 

145 to allow the second elongated section to pivot horizontally through an arc of motion. 

The second elongated section 145 can comprise any suitable component or characteristic. 

By way of illustration, Figures 7 and 8 show some embodiments in which the second elongated 

section 145 is pivotally connected to the C-arm rotational system 55 (e.g., via pivot joint 148) to 

allow the C-arm rotational system and C-arm 25 to pivot horizontally through an arc of motion. 

In another example of a suitable characteristic of the second elongated section 145, 

Figures 7 and 8 show that the second elongated section 145 is optionally permanently angled so 

as to rise above an upper edge 149 of the linear bearing block 35. In this manner, the second 

elongated member can allow the stroke of the linear bearing block to extend lower on the linear 

bearing rail 80 without allowing the C-arm to be damaged by allowing it to strike the floor (not 

shown). 

In order to keep the linear bearing rail 80 in a desired orientation (e.g., substantially 

vertical), the linear bearing rail (and/or spine 85) can be connected to any suitable bearing rail 

support structure 50. Indeed, in some implementations, the linear bearing rail is connected to a 

fixed support structure, such as a wall, a column, a floor, a shelf, a cabinet, a stationary fi-ame, 

and/or any other suitable support structure that is not intended to be easily moved and 

repositioned around a patient. 

In other implementations, however, the linear bearing rail 80 (and/or spine 85) is 

connected to a movable support structure. In such'implementations, the movable support 

structure can comprise any suitable characteristic that allows it to move across a floor while 

supporting the linear bearing rail and any objects supported therefirom (e.g., the linear bearing 

block assembly 200). Thus, the movable support structure can comprise one or more wheels, 
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shelves, handles, weights to prevent the weight of the^^C-ann from tipping the movable support 

structure, and/or any other suitable components. By way of illustration, Figure 8 shows some 

embodiments in which the movable support structure 150 comprises a wheeled framework that 

supports linear bearing rail assembly 30. Figure 8 also shows some embodiments in which two 

of the wheels 155 extend past the linear bearing rail assembly 30 to prevent the weight of the C-

arm 25 from causing the movable support structure 150 to tip. hi some embodiments, the mobile 

structure should be configured so that the center of gravity is located within the footprint of the 

wheels. 

As previously mentioned, the C-arm positioning device 20 can also comprise a C-arm 

rotational system 55. In this regard, the C-arm rotatipnal system can comprise any known or 

novel C-arm rotational system that allows the C-amivto be repositioned on the linear bearing 

block 30 or at the end of the C-arm support arm 45. By way of illustration. Figure 8 shows some 

embodiments in which the C-arm rotational system 55 is configured to allow the C-arm 25 to 

rotate orbitally about an axis of orbital rotation 175 in the direction of arrows 180 and 185, as 

well as to rotate around an axis of lateral rotation 190 to thereby rotate the C-arm 25 laterally. 

In addition to the aforementioned components, the described C-arm positioning device 20 

can comprise any other suitable component or characteristic known in the art. For example, the 

C-arm positioning device can comprise one or more support structure covers, monitors, handles, 

power supplies (e.g., internal and/or external), X-ray imaging systems, X-ray confrol devices, 

'i 
and linear bearing block brake systems. By way of illusfration. Figure 9 shows some 

embodiments in which the C-arm positioning device 20 comprises a support structure cover 160, 

handles 165, and a monitor 170. 
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The described C-arm positioning device 20 can be made in any manner that forms the 

Structures described. By way of example, the C-arm ppsitioning device can be formed through a 

process involving molding, extruding, casting, cutting, stamping, bending, drilling, bonding, 

welding, mechanically connecting, and/or any other suitable process. 

The described C-arm positioning device 20 can also be used in any suitable manner. By 

way of example, an operator can raise and lower the C-arm by applying an upward and 

downward force, respectively, to a portion of the linear bearing assembly 200. Thus, the 

operator c«n use the C-arm positioning device 20 to quickly and efficiently move the C-arm to 

the desired portion of the patient needing to be analyzed. 

The C-arm positioning device 20 may have several features. First, because the 

counterbalance mechanism 40 can substantially couhterbalaiice the weight of the linear bearing 

block assembly 200, an operator can raise and lower the C-arm 25 with relatively little physical 

force. Accordingly, the process for using the described C-arm positioning device to raise and 

lower the C-arm which may not require a level of physical exertion that significantly detracts 

fi-om other important tasks to be carried out by the operator. 

Second, because the C-arm 25 in the described C-arm positioning device is connected to 

the linear bearing block 35, which in turn is slidably coupled to the linear bearing rail 80, the C-

arm in the described device can move straight up and down and not through a vertical arc of 

motion as it is raised. Thus, unlike some conventional devices that are used to raise and lower a 

C-arm by causing the C-arm to move through an arc, the described C-arm positioning device can 
iV 

move the C-arm substantially straight up and down or m a substantially vertical direction. 

Accordingly, the described device may require less repositioning of the patient than may some 

conventional devices that are used to position a C-arm." 
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Third, where the counterbalance mechanism 40 comprises one or more constant force 

springs (i.e., within a spring motor), the counterbalance mechanism may not be subject to the 

shortcomings that are associated with certain gas springs,. For example, unlike some gas springs 

that are affected by changes in temperature or elevati(̂ .n, the constant force springs are not. In 

another example, while some conventional gas spriî gs'rieed to be approximately 2 times longer 

than the stroke they provide, a counterbalance mechanism comprising constant force springs may 

only increase the height of the C-arm positioning device by a relatively small amovint (if at all) 

over the stroke length of the linear bearing block. Accordingly, certain embodiments of the 

described device can easily be scaled to virtually any size (e.g., the stroke can be increased), 

without requiring space for a corresponding gas spring. In still another example, unlike some 

gas springs that tend to leak over time, the constant force springs may retain a significantly 

constant tension over their life. In yet another example, unlike some conventional devices that 

use one or more gas springs to hold the C-arm in position and that tend to allow the weight of the 

C-arm to compress the gas spring(s) and thereby cause the C-arm to slowly lower, constant force 

springs may not be subject to such compression. Accordmg, where the described counterbalance 

mechanism comprises one or more constant force springs, the mechanism may do a better job of 

retaining the C-arm at a desired height than a conventional device that uses one or more gas 

springs to retain the height of the C-arm. 

A fourth feature is that since the counterbalance mechanism 40 comprises one or more 

constant force springs 100, the described C-arm positioning device.20 may be lighter and/or less 

expensive than some conventional devices that use one or more gas springs. Accordingly, the 

described C-arm positioning device may be easier to move and be less expensive than some 

other conventional devices that are used to reposition and support a C-arm. 
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In addition to any previously indicated modification, numerous other variations and 

alternative arrangements may be devised by those skilled in the art without departing fi-om the 

spirit and scope of this description, and appended claims are intended to cover such 

modifications and arrangements. Thus, while the information has been described above with 

particularity and detail in connection with what is preseiitly deemed to be the most practical and 

preferred aspects, it will be apparent to those of ordinary skill in the art that numerous 

modifications, including, but not limited to, form, function, manner of operation and use may be 

made without departing from the principles and concepts set forth herein. Also, as used herein, 

the examples and embodiments, in all respects, are meant to be illustrative only and should not 

be construed to be limiting in any manner. 
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