
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization ii 11111iH 11 11 11 I I I 11 11 11 11 I ii1111li iili 

International Bureau IIIII 11111111 1111 1111III III II 111111 111 111III INi 1111111 Iii liii Iii 

(43) International Publication Date (10) International Publication Number 
17 November 2005 (17.11.2005) PCT WO 2005/107620 A2 

(51) International Patent Classification: A61B 17/58 (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 

(21) International Application Number: AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
PCT/U1S2005/01-5592 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EU, ES, H, 

GB3, GD, GE, GH, GM, HIR, 11U, ID, IL, IN, IS, JP, KE, 

(22) International Filing Date: 4 May 2005 (04.05.2005) KU, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU. LV, MA, 
MD, MU, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, 

PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, 
ZA, ZM, ZW.  

(26) Publication Language: English 

(84) Designated States (unless otherwise indicated, for every 
(30) Priority Data: kind of regional protection available): ARIPO (BW GH, 

10/839,551 4 May 2004 (04.05.2004) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KU, KZ, MD, RIT, TJ, TM), 

(71) Applicant (for all designated States except US): HFSC European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
COMPANY [US/US]; 1690 Russell Road, Paoli, PA FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
19301-1222 (US). SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 

GQ, GW, ML, MR, NE, SN, TD, TG).  
(72) Inventors; and 
(75) Inventors/Applicants (for US only): NOON, John, M. Published: 

[US/US]; 50 S. Valley Road, Apt. B4, Paoli, PA 19301 - without international search report and to be republished 
(US). CICCONE, Paul, C. [US/US]; 100 Bryans Way, upon receipt of that report 
Lincoln University, PA 19352 (US).  

For two-letter codes and other abbreviations, refer to the "Guid
(74) Agents: ROTHERY, Brian, M. et al.; Jones Day, 222 East ance Notes on Codes and Abbreviations " appearing at the begin

41st Street, New York, NY 10017-6702 (US). ning of each regular issue of the PCT Gazette.  
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(57) Abstract: An external midface distractor is disclosed for attachment to the bones of a patient's cranium and midface region for 

performing an osteogenesis procedure to gradually lengthen a portion of the craniofacial skeleton. The midface distractor generally 
includes an external halo assembly for engaging the patient's cranium, a central adjustment assembly, a vertical central rod, at least 
one horizontal cross piece assembly including at least one distraction screw, and at least one bone engaging portion which is mounted 
to the targeted facial bone to be distracted. The midface distractor may also include various individual adjustment mechanisms that 

O provide surgeons greater and more precise control over the distraction vector than is available with current devices. That is, the 
midface distractor may provide surgeons with additional anterior-posterior and medial-lateral adjustments, thus permitting surgeons 

0 to more precisely and accurately control the direction of distraction. The midface distractor may also permit surgeons to easily and 
accurately alter the direction of distraction after the distraction procedure has commenced thereby providing surgeons the ability to 
readjust the ultimate vector of distraction anytime during the procedure, as necessary.
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MIDFACE DISTRACTOR 

FIELD OF INVENTION 

[001] The present invention relates to a midface distractor. More particularly, the 

present invention relates to an external apparatus for the gradual lengthening (i.e., 

distraction) of a portion or portions of the craniofacial skeleton. The midface distractor may 

5 incorporate adjustment mechanisms that provide surgeons with greater and more precise 

control over the distraction vector than current devices. That is, the midface distractor may 

provide surgeons with anterior-posterior and medial-lateral adjustment thus providing 

surgeons with virtually unlimited control over the ultimate distraction vector. Furthermore, 

the midface distractor may also permit surgeons to alter the distraction vector both before 

10 and after the distraction procedure has commenced.  

BACKGROUND OF THE INVENTION 

[002] Generally speaking, distraction procedures or distraction osteogenesis has 

become an important treatment vehicle for patients with craniofacial abnormalities. Today 

when a child or an adult suffers from a craniofacial abnormality, such as an overbite jaw or 

15 cleft palate, they may undergo a distraction osteogenesis procedure in which the surgeon 

cuts through certain bones of the face (often called LeFort I, II, 1II or Monobloc cuts) and 

installs a bone lengthening device (i.e., an external midface distractor) that attaches to the 

patient's bones on either side of the cuts. The external distractor is thereafter used to 

gradually separate (i.e. distract) the bone segments in order to achieve the desired new facial 

20 configuration.  

(003] It is an object of the present invention to provide a midface distractor that 

incorporates various individual adjustment mechanisms to allow a surgeon greater and more 

precise control over the ultimate distraction vector than current devices. It is a further 

object of the present invention to provide a midface distractor that pennits a surgeon to 

25 easily and accurately alter the direction of distraction after the distraction procedure has 

commenced.  

SUMMARY OF THE INVENTION 

[004] The present invention relates to an external midface distractor for attachment 

to the bones of a patient's cranium and midface region for performing an osteogenesis 

30 procedure to gradually lengthen a portion or portions of the craniofacial skeleton. The 

midface distractor generally includes an external halo assembly, for engaging the patient's 
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ah I -adjusfin ithssfibly, a vertical central rod, at least one horizontal cross 

piece assembly including at least one distraction screw, and at least one bone engaging 

portion, which is mounted to the targeted facial bone to be distracted. The midface 

distractor may also include various individual adjustment mechanisms which enable the 

5 distractor to be sized and configured to fit virtually anyone regardless of their own 

individual characteristics. The midface distractor may also include various individual 

adjustment mechanisms that provide surgeons greater and more precise control over the 

distraction vector than currently available devices. That is, the midface distractor may 

provide surgeons with additional anterior-posterior and medial-lateral adjustments, thus 

10 permitting surgeons to more precisely and accurately control the direction of distraction.  

Furthermore, the midface distractor may permit surgeons to easily and accurately alter the 

direction of distraction after the distraction procedure has commenced thereby providing a 

surgeon the ability to readjust the ultimate vector of distraction anytime during the 

procedure as necessary.  

15 [005] The halo assembly of the present invention may be any halo assembly known 

in the art. Alternatively, the halo assembly of the present invention may be a U-shaped 

member that includes two mounting plates, each having a plurality of cranial fixation bores, 

two side members, and a central connection hub for interconnecting the two side members 

and for connecting the halo assembly to the central adjustment assembly. The halo 

20 assembly may incorporate adjustment mechanisms which permit the halo to be sized to fit 

an individual patient's head. That is, the halo assembly may incorporate a medial-lateral 

adjustment mechanism for adjusting the overall width "W" of the halo assembly, and an 

anterior-posterior mechanism within each side piece for adjusting the overall length "L" of 

the halo assembly.  

25 [006] The central adjustment assembly of the present invention connects the halo 

assembly to the vertical central rod, thus supporting the vertical central rod, and its 

associated horizontal rods, clamps and distraction screws, in front of the patient's face. The 

central adjustment assenIly may be any mechanism known in the art for connecting the 

halo assembly with a vertical rod, including but not limited to a non-adjustable single piece.  

30 Alternatively, the central adjustment assembly may incorporate a variety of adjustment 

mechanisms for permitting multiple adjustments of the vertical central rod. That is, the 

central adjustment assembly may permit rotation of the vertical central rod about the 

superior-inferior and medial-lateral axes, and also may permit vertical and medial-lateral 

directional adjustment of the vertical central rod.  
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[UO~T / U Wrim' a od of the present invention is a longitudinal rod that 

interconnects the central adjustment assembly and the horizontal cross-piece assemblies.  

The vertical central rod permits the horizontal cross-piece assemblies and the central 

adjustment assembly to be located virtually anywhere along its length, thus providing 

5 maximum freedom in determining placement of the horizontal cross-piece assemblies, 

distraction screws and footplates. The vertical central rod preferably includes a slot 

extending longitudinally along its outer surface, the slot being sized and configured to mate 

with and engage set screws in the central adjustment assembly and horizontal cross-piece 

assemblies, respectively. The mating of the slot and set screws prevents rotation of the 

10 vertical central rod with respect to the central adjustment assembly and horizontal cross

piece assemblies.  

[008] The horizontal cross-piece assemblies of the present invention connect the 

vertical central rod to the distraction screws, which connect to bone engaging portions via 

footplate assemblies. The midface distractor may include any number of horizontal cross

15 piece assemblies. The number of horizontal cross-piece assemblies may generally be 

dependent upon the type of procedure, i.e., osteotomy, being performed. For example, the 

midface distractor may include two horizontal cross piece assemblies, one to engage the 

maxillary bones and the other to engage the zygomatic bones, The horiontalcross-piece 

assemblies may provide mechanisms for providing lateral adjustment, transverse rotation, 

20 and superior-inferior directional control over the position of the distraction screws.  

Generally speaking, the horizontal cross-piece assemblies include a central clamp, a 

horizontal rod, and at least one distractor clamp. The central clamp connects the vertical 

central rod with the horizontal rod. The horizontal rod may be generally oriented along an 

axis perpendicular to the longitudinal axis of the vertical central rod, and connects the 

25 central clamp and the distractor clamp(s), which may be located on either side of the central 

clamp. The distractor clamp(s) generally include a pair of bores, one for receiving the 

horizontal rod and one for receiving a distraction screw. The distractor clamp(s) may be 

located virtually anywhere along the length of the horizontal rod, thus permitting the 

surgeon to adjust the lateral placement of the distraction screws and footplates attached 

30 thereto. Moreover, the distractor clamp(s) may rotate about the horizontal rod, thus 

permitting surgeons to vary the angle of the distraction screws with respect to the horizontal 

rod, thereby providing additional control over the angle and direction of distraction, 

particularly in the superior-inferior direction. The distraction clamps may also incorporate a 

swivel feature to allow adjustment of the distraction screw about an axis parallel to the 
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$c1 /&E I viifdurgeons with an additional adjustment option in fixing the 

location of the distraction screws, and in turn, over the ultimate direction of distraction.  

[009] The distraction screws of the present invention may generally be oriented 

perpendicular to both the vertical central rod and the horizontal rod of the horizontal cross

5 piece assemblies, however, the swivel-type distractor clamp may allow adjustment of this 

orientation. The distraction screws generally have a distal end that points inward toward the 

patient's face, and a proximal end which engages the distractor clamp. The distal end of 

each distraction screw may include a hole drilled therethrough for receiving a wire, which is 

used to connect the distraction screw with a corresponding footplate assembly. It should be 

10 noted however, that using a wire is not critical and that the distraction screws may directly 

engage the bone-engaging portions instead.  

[0010] The footplate assemblies of the present invention connect the distraction 

screws to the bone segments to be distracted. Generally speaking, the midface distractor 

may incorporate any number of footplate assemblies. The midface distractor may 

15 incorporate maxillary and zygomatic footplate assemblies which connect maxilla and 

zygoma bone segments with respective distraction screws. The maxillary footplate 

assembly generally includes a bone engaging portion for directly engaging the maxilla, a 

distractor-engaging portion, and a rod portion for connecting the bone-engaging portion to 

the distractor-engaging portion. The zygomatic footplate assembly generally includes a 

20 bone engaging portion for engaging a patient's zygoma, and a wire attachment screw having 

a first end and a second end. The first end of the wire attachment screw is sized and 

configured to threadedly engage and extend through a bore in the bone engaging portion so 

that the first end of the screw may also threadedly engage the patient's zygomatic bone.  

The second end of the wire attachment screw generally includes an enlarged head with a 

25 hole drilled therethrough for engaging a respective distraction screw via a wire. It should be 

noted that the maxillary and zygomatic footplate assemblies and their arrangements as 

described are preferred embodiments only and surgeons may if they so desire use only 

maxillary footplate assemblies, or only zygoma footplate assemblies. Furthermore, 

surgeons may attach the zygoma footplate assemblies to the patient's maxilla, and attach the 

30 maxillary footplate assemblies to the patient's zygoma. Finally, the distraction screws may 

connect to the bone-engaging portions directly or via a wire, thus simplifying the maxillary 

and zygoma footplate assemblies. Alternatively, the maxillary bone-engaging portion may 

be eliminated and the apparatus may be attached to a patient's teeth using a rigid intra-oral 

splint.  
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[6ft"I" 5 Ch stractor is attached to a patient's cranium. That is, a 

surgeon fits the halo assembly to a patient's head by adjusting the lateral and longitudinal 

adjustment mechanisms of the halo assembly and attaching the bone engaging portions to 

the targeted bone segments. The surgeon then selects the number of horizontal cross-piece 

5 assemblies desired. The horizontal cross-piece assemblies may then be attached to the 

vertical central rod, which is attached to the central adjustment assembly, which may 

already be connected to the halo assembly. The vertical central rod is then adjusted and 

aligned to avoid interference with the patient's eyesight. Next, the surgeon sets the angle of 

the distraction screws based upon his/her determination as to the appropriate initial vector of 

10 distraction. The angle of the distraction screws may be set by adjusting the location and 

angle of: the vertical central rod, the central adjustment assembly, and the horizontal cross

piece assemblies including the horizontal rod and distractor clamps. The surgeon then may 

attach the distraction screws to the bone-engaging portions. Thereafter, the midface 

distractor is fixed into place by tightening set screws included throughout for each purpose.  

15 Lastly, the surgeon confirms the advancement of the desired bone segments. Once properly 

installed, the bone segments may be subjected to gradual incremental distraction by rotation 

of the distraction screws. The distraction screws may be periodically (e.g. daily) rotated to 

incrementally distract the bone segment (usually by about I mm), until the desired 

distraction is achieved. The ultimate rate, rhythm, direction, and amount of distraction is 

20 left to the determination of the surgeon.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Figure 1 is a perspective view of the midface distractor according to one 

embodiment of the present invention.  

[0013] Figure 2 is a perspective view of the halo assembly according to one 

25 embodiment of the present invention.  

{0014] Figure 3 is a top view of the halo assembly depicted in Figure 2.  

[0015] Figure 4a is a top view of the side member of the halo assembly depicted in 

Figures 2 and 3.: 

(0016] Figure 4b is a bottom view of the side member depicted in Figure 4a.  

30 [0017] Figure 4c is a sectional view of the side member depicted in Figure 4b.  

[0018] Figure 4d is a side view of the side member depicted in Figures 4a-4c.  

[0019] Figure Sa is a side view of the mounting plate of the halo assembly depicted 

in Figures 2 and 3.  

[0020] Figure 5b is a top view of the mounting plate depicted in Figure 5a.  
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L6 =M i a4s- Fe tive view of the connection hub of the halo assembly 

depicted in Figures 2 and 3.  

[0022] Figure 6b is a front sectional view of the connection hub depicted in Figure 

6a.  

5 [0023] Figure 6c is a side view of the connection hub shown in Figures 6a and 6b.  

[0024] Figure 7 is a perspective view of the central adjustment assembly depicted in 

Figure 1.  

[0025] ' Figure 8 is a top view of the central adjustment assembly and halo assembly 

depicted in Figures 1, 2, 3, and 7.  

10 [0026] Figure 9 is a side view of the central adjustment assembly and halo assembly 

depicted in Figures 1, 2, 3, and 7.  

[0027] Figure 10 is an alternate embodiment of a central adjustment assembly 

according to the present invention.  

[0028] Figure 11 is a perspective view of one embodiment of the horizontal cross

15 piece assembly.  

[0029] Figure 12 is a perspective view of an alternate embodiment of the horizontal 

cross-piece assembly.  

[0030] Figure 13a is a perspective view of the central clamp of the horizontal cross

piece assembly.  

20 [0031] Figure 13b is a front view of the central clamp of the horizontal cross-piece 

assembly.  

[0032] Figure 14a is a perspective view of the swivel-type distractor clamp of the 

horizontal cross-piece assembly depicted in Figure 12.  

[0033] Figure 14b is a sectional view of the distractor clamps shown in Figure 14a.  

25 [0034] Figure 15a is a perspective view of the top portion of the distractor clamp of 

the horizontal cross-piece assembly depicted in Figure 12.  

[0035] Figure 15b is a sectional view of the top portion of the distractor clamp 

depicted in Figure 15a.  

[0036] Figure 15c is a side view of the top portion of the distractor clamp depicted 

30 in Figure 15a.  

[0037] Figure 16a is a front view of the bottom portion of the distractor clamp 

depicted in Figure 12.  

[0038] Figure 16b is a side view of the bottom portion of the distractor clamp 

depicted in Figure 16a.  
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[6M9-I ifi perflictive view of the maxillary footplate assembly depicted 

in Figure 1.  

[0040] Figure 18 is a perspective view of the zygomatic footplate assembly depicted 

in Figure 1.  

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0041] For the purpose of promoting an understanding of the principles of the 

present invention, reference will now be made to an exemplary, non-limiting embodiment 

illustrated in Figure 1. The midface distractor 10 is directed to an external apparatus for 

attachment to the bones of a patient's cranium and midface region for performing an 

10 osteogenesis procedure to gradually lengthen a portion or portions of the craniofacial 

skeleton. As shown, the midface distractor 10 includes: an external halo assembly 20 for 

engaging the patient's cranium, a central adjustment assembly 100 including a vertical 

central rod 150 attached thereto, at least one horizontal cross piece assembly 200 including 

at least one distraction screw 270, and at least one footplate assembly 300 which is mounted 

15 to the targeted craniofacial bone to be distracted. The midface distractor 10 may also 

include various individual adjustment mechanisms that enable the midface distractor to 

conform to most patient's regardless of their individual physical characteristics.  

[0042] The midface distractor 10 may also include various individual adjustment 

mechanisms to provide surgeons greater and more precise control over the distraction vector 

20 than currently available devices. That is, the midface distractor 10 may provide surgeons 

with additional anterior-posterior and medial-lateral adjustments, thus permitting surgeons 

to more precisely and accurately control the direction of distraction. Furthermore, the 

midface distractor 10 may also permit surgeons to easily and accurately alter the direction 

of distraction after the distraction procedure has commenced thereby providing surgeons the 

25 ability to readjust the ultimate vector of distraction anytime during the procedure, if 

necessary.  

HALO ASSEMBLY 

[0043] The halo assembly may be a structural frame that attaches to a patient's head 

to provide a rigid support structure for the distraction elements. Halo assemblies are 

30 known in the art, and any known halo assembly may be used in combination with the 

present invention. For example, the halo assembly may be a single unitary piece that 

encircles and attaches to a patient's head without any adjustment mechanisms.  
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Uft4 .-I , s r$w in Figures 2 and 3, the halo assembly 20 may be a 

U-shaped member that includes two mounting plates 70, each having a plurality of cranial 

fixation bores 71, two side members 50, and a central connection hub 30 for interconnecting 

the two side members 50 and for connecting the halo assembly 20 to the central adjustment 

5 assembly 100. Furthermore, the halo assembly 20 may also include adjustment mechanisms 

that permit the halo to be sized to an individual patient's head. That is, the halo assembly 

20 may incorporate, either alone or in combination, a medial-lateral adjustment mechanism 

for adjusting the overall width "W" of the halo assembly, and an anterior-posterior 

mechanism within each side member 50 for adjusting the overall length "L" of the halo 

10 assembly 20.  

[0045] The side members 50 of the halo assembly 20, when viewed from above, 

may each generally be an "L" shaped member, with each side member 50 designed to wrap 

around a respective side of the patient's head. The side members 50 may be designed to 

provide the halo assembly 20 with a streamlined look while simultaneously providing the 

15 lightest possible structure. As shown in Figures 4a-4d, each side member 50 may include a 

front portion 52 and a rear portion 54, and the front portion 52 may be radiused in order to 

provide the patient with a better fitting, better looking, more comfortable halo assembly 20.  

The front portion 52 may also be configured to engage one side of the connection hub 3 

(see Figures 6a through 6c), while the rear portion 54 may be configured to engage a 

20 mounting plate 70.  

[0046] As best shown in Figures 5a and 5b, the mounting plates 70 may be designed 

to fit over a patient's ear for fixing the halo assembly 20 to a patient's skull by any method 

known in the art. Thus, although the mounting plates 70 may take any shape, configuration 

or contour, each mounting plate 70 may generally be a rectangular plate having an arcuate 

25 cut-out formed along its bottom surface 78, which provides an improved contoured fit 

around the patient's ear.  

[0047] The mounting plates 70 may include a plurality of bores 71 extending 

through the mounting plate 70 to the other so that skull fixation means (not shown) may be 

inserted in discrete locations above the patient's ears in the temporal and/or parietal bones 

30 of the skull to fix the plate to the skull. The plurality of bores 71 may be of any size, shape 

or dimension appropriate for receiving the skull fixation means. The bores 71 may also be 

threaded so that the halo assembly 20 may be fixed to the patient's head by externally 

threaded skull fixation pins (not shown). The skull fixation pins may be inserted through 

the bores 71 of the mounting plates 70 positioned above the patient's ears. Use of threaded 

35 bores 71 in combination with threaded skull fixation pins permits the fixation pins to be 
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r ii i to the-Nha$ig plates 70 prior to placing the halo assembly 20 around 

the patient's cranium thereby simplifying the installation process. In addition, the fixation 

pins may have finely pointed ends configured to pierce the skin, thus eliminating the need 

for making pre-incisions in the patient's scalp. Alternatively, the skull fixation means may 

5 include self-drilling mounting pins (not shown) which actively engage the skull through a 

bone thread. Furthermore, the midface distractor 10 may be provided with positional pins 

(not shown) which are sized and configured to temporarily position the location of the halo 

assembly 20 with respect to the patient's scalp. Once properly positioned, the positional 

pins can be removed and replaced with permanent skull fixation means.  

10 [0048] The bores 71 may be oriented such that their axes may be perpendicular to 

the plane of the mounting plates 70. Alternatively, the bores 71 may be angled relative to 

the plane of the mounting plates 70; the degree of such an angle being that appropriate for 

the particular patient and/or procedure,for example, the bores may have a 15 degree angle 

with respect to the plane of the mounting plates. The mounting plates 70 may also 

15 incorporate a combination of straight 72 and angled 73 bores, with the straight bores 72 

being located generally in the middle of the plate 70 and the angled bores 73 being located 

along the outer edges of the plate 70. However, any combination and arrangement of 

straight 72 and angled 73 bores is permissible.  

[0049] The mounting plates 70 may be connected to the side members 50 by any 

20 method known in the art including but not limited to welding, gluing, etc. Alternatively, the 

mounting plates 70 may be formed integrally with the side members 50 of the halo 

assembly 20 or they may be omitted entirely with the side members 50 instead containing a 

plurality of bores 71 for receiving the skull fixation means. The mounting plates 70 may 

also be adjustably connected to the side members 50 thereby permitting the overall length 

25 "L" of the halo assembly 20 to be adjusted. In one embodiment, the bottom surface 56 of 

the rear portion 54 of the side member 50 may contain a projection 58 for engaging a slot 76 

in the top surface 74 of the mounting plate 70 thus allowing the mounting plates 70 to slide 

in the aterior-pcsterior direction along the side member 50. The projection 53 may be, for 

example, a dovetail for engaging a corresponding groove in the top surface 74 of the 

30 mounting plate 70. Furthermore, the rear portion 54 of each side member 50 may also 

include an internally threaded bore 60 for engaging a first end of an adjustment screw 90.  

The top surface 74 of the mounting plate 70 may contain an upwardly extending portion 82 

having a bore 84 for rotatably receiving the second end of the adjustment screw 90. The 

adjustment screw 90 may be axially retained within the mounting plate bore 84, so that 

35 rotation of the adjustment screw 90 causes the side member 50 to move with respect to both 
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811&9 0i 9ai 5 &ffounting plate 70. Thus, rotating the adjustment screw 90 

may cause the side member 50 to move within the slot 76 along the mounting plate 70.  

Rotating the adjustment screw 90 in a first direction may cause the mounting plate 70 to 

pull the side member 50 closer to it, thereby decreasing the overall length "L" of the halo 

5 assembly 20. Rotating the adjustment screw 90 in a second direction may cause the 

mounting plates 70 and the side members 50 to move further apart thereby increasing the 

overall length "L" of the halo assembly 20. As shown, the adjustment screw 90 may allow 

the length "L" of the halo assembly 20 to be increased by up to about 25 millimeters (mm) 

beyond its unextended length. Preferably, as shown, in Figure 5a, the mounting plates 70 

10 may include calibrations,for example, markings 80 to help the surgeon calculate the amount 

of adjustment.  

CONNECTION HUB 

[0050] As previously noted, each side member 50 may have a front portion 52 that, 

when installed, is positioned adjacent the middle of the patient's forehead. The connection 

15 hub 30 may interconnect the front portion 52 of each side member 50 together, while also 

providing a mechanism for the halo assembly 20 to be connected to the remainder of the 

distraction device via a central adjustment assembly 100 (to be described in More detail 

later). As generally shown in Figure 4d, the height "h" of the side member 50 may increase 

from the rear portion 54 to the front portion 52, thus facilitating connection of the side 

20 members 50 to the connection hub 30 while minimizing weight and streamlining the halo's 

overall appearance.  

[0051] As shown in Figures 6a-6c, the connection hub 30 generally includes a center 

piece 32 and a lateral adjustment mechanism 33 for adjusting the overall width "W" of the 

halo assembly 20. The center piece 32 may be any shape known in the art including, but 

25 not limited to, a square, rectangle, etc. In the illustrated embodiment, the center piece 32 

has a T-shaped profile with a top portion 34 and a bottom portion 36. The top portion 34 

may be configured to engage the central adjustment assembly 100, while the bottom portion 

36 may be configured to receive the lateral adjustment mechanism 33.  

[0052] The bottom portion 36 of the center piece 32 may contain a mechanism for 

30 engaging the lateral adjustment mechanism 33. The lateral adjustment mechanism 33 may 

be any mechanism known in the art appropriate for adjusting the position of interconnected 

members including, but not limited to, a rack and pinion, a standard screw, a worm gear 

type mechanism, etc. In the illustrated embodiment, the bottom portion 36 of the center 

piece 32 contains a horizontal bore 46 for receiving a frame adjustment screw 44, i.e., a 
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dbab-t i ba W-9carefa~i crews of opposite hand on either end that mate with 

corresponding bores 53 formed in the front portion 52 of the side members 50. The 

horizontal bore 46 formed in the connection hub 30 may also be provided with a bearing 

member 46a sized and configured to surround and mate with the adjustment screw 44. The 

5 bearing member 46a may be press fit and pinned within the horizontal bore 46 after the 

adjustment screw 44 has been placed therein to thereby fix the axial position of the 

adjustment screw 44 with respect to the connection hub 30. As shown, one bearing member 

46a may be placed on either side of a groove 47 formed on the adjustment screw 44.  

[00531 Moreover, as best shown in Figure 4c, the bore 53 formed in the side 

10 member 50 may include a larger diameter, non-threaded portion 53a and a smaller diameter, 

threaded portion 53b. The threaded portion 53b may be sized and configured to threadedly 

engage the adjustment screw 44, while the non-threaded portion 53a maybe sized and 

configured to receive a tool, for example, a screwdriver, a ratchet, etc., for engaging a tool 

engagement mechanism 45 located on either end of the adjustment screw 44 to allow the 

15 user to rotate the adjustment screw 44 in the desired direction. When assembled to the side 

members 50, the ends of the frame adjustment screw 44 may be accessible through the bore 

53 which extends through each side member 50.  

[00541 Thereafter, rotation of the frame adjustment screw 44 in a first direction may 

cause the side members 50 of the halo assembly 20 to be drawn toward the connection hub 

20 30 thereby reducing the overall width "W" of the halo assembly 20. Similarly, rotating the 

frame adjustment screw 44 in a second direction may cause the side members 50 to move 

away from the connection hub 30, thereby increasing the halo's overall width "W". The 

frame adjustment screw 44 may permit from about 0 mm to about 40 mm of adjustment on 

each side of the connection hub 30.  

25 [0055] To prevent twisting of the side members 50 with respect to each other and to 

the connection hub 30, and to allow smooth lateral adjustment of the halo 20, the lateral 

adjustment mechanism 33 may also incorporate at least one, and preferably two, reinforcing 

rods 66 (shown in Figure 2), located parallel to, and on either side of, the adjustment screw 

44. However, any number and configuration of reinforcing rods 66 may be used. Each rod 

30 66 may be designed and configured to fit within corresponding recesses 68, 69 formed in 

the side members 50 and connection hub 30, respectively, so that the rods 66 may be 

generally slidable within the recesses 68, 69. Thus, when the adjustment screw 44 is 

rotated, the side members 50 may slide along the rods 66, and be guided thereon for smooth 

movement.  
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[0 T di tl6 30 and the side members 50 may also include a locking 

mechanism 31 for fixing the overall width "w" of the halo assembly 20 once it has been 

determined. Although any number of locking mechanisms 31 may be used, as best shown 

in Figure 3, preferably the distractor 10 includes three locking mechanisms 31, one on each 

5 of the side members 50 and one on the connection hub 30. The locking mechanism 31 may 

be any mechanism known in the art appropriate for fixing the relative position of moveable 

members including, but not limited to, a standard set screw. However, as best shown in 

Figure 6c, the locking mechanism 31 may include a screw 48 and a rod lock 49. The screw 

48 and rod lock 49 may be sized and configured to extend through a bore in the hub 30 so 

10 that the rod lock 49 contacts the outer circumference of the reinforcing rods 66. The screw 

48 may be sized and configured to extend through the rod lock 49 and into a groove 47 

formed in the adjustment screw 44. Thereafter, rotation of the screw 48 may cause the rod 

lock 49 to bear down on the reinforcing rods 66 thus fixing the position of the reinforcing 

rods 66 with respect to the connection hub 30. Although the locking mechanism 31 has 

15 been described in conjunction with the connection hub 30, as previously stated, each side 

member 50 may also include a locking mechanism 31 identical to the one described above.  

[0057] The top portion 34 of the connection hub 30 may include an attachment 

mechanism for connecting the connection hub 310 to the central adjustment assembly 100.  

The attachment mechanism may be any means known in the art including, but not limited 

20 to, screwing, welding, etc. In the illustrated embodiment, the superior surface 38 of the top 

portion 34 of the center piece 32 may have a projection 40 orientated generally parallel to 

the axis of the frame adjustment screw 44 (i.e., the medial-lateral axis when the device is 

mounted on the patient) for engaging a corresponding slot 112 located in the central 

adjustment assembly 100. The projection 40 may be a dovetail for engaging a 

25 corresponding groove located in the central adjustment assembly 100, thus permitting the 

surgeon to slide the central adjustment assembly 100 along the medial-lateral axis of the 

connection hub 30. Thus, a surgeon may use this attachment mechanism to adjust the 

lateral position of the vertical central rod 150 (to be discussed later) to a desired position in 

front of the patient's face to minimize any interference with the patient's eyesight. The top 

30 portion 34 of the connection hub 30 is sized and configured so that it may receive and 

engage two central adjustment assemblies 100 simultaneously so that, if a surgeon desires, 

he/she may install two central adjustment mechanisms 100 and two corresponding vertical 

central rods 150. Thus, providing surgeons with an additional adjustment mechanism to 

enable greater and more precise control over the distraction vector. It also enables surgeons 

35 to space the vertical central rods 150 out toward the periphery of a patient's eyesight away 
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1i 1Istsii t nlnimizing the amount of interference with the patient's 

eyesight.  

[0058] The connection hub 30 may further include a groove (not shown) for 

receiving a set screw 114 on the central adjustment mechanism 100 so that when the central 

5 adjustment mechanism 100 and corresponding vertical central rod 150 are properly 

positioned, rotation of the set screw 114 fixes the lateral position of the central adjustment 

mechanism 100 with respect to the connection hub 30. Preferably, the set screw 114 and 

groove are sized and configured so that the set screw 114 may be loosened to enable the 

central adjustment assembly 100 to move with respect to the connection hub 30. However, 

10 even in the loosened condition, the set screw 114 and groove are sized and configured so 

that the set screw 114 can not be removed from the groove thus, preventing the connection 

hub 30 and central adjustment mechanism 100 from separating.  

[0059] The side members 50, connection hub 30, and reinforcing rods 66 may be 

manufactured from any material known in the art including, but not limited to, titanium, 

15 aluminum, stainless steel, polymers, carbon fiber, etc. Preferably, the connection hub 30 is 

anodized titanium, which provides lubrication for facilitating slidable movement between 

the hub 30 and the central adjustment mechanism 100.  

CENTRAL ADJUSTMENT ASSEMBLY 

[0060] As best shown in Figure 1, the central adjustment assembly 100 connects the 

20 halo assembly 20 to the vertical central rod 150, thus supporting the vertical central rod 150, 

and its associated horizontal rods, clamps and distraction screws, at a desired location in 

front of the patient's face. Any mechanism for connecting the halo assembly 20 with a 

vertical central rod 150 may be used including, but not limited to,for example, a single 

unitary piece as shown in Figure 10. Preferably, however, as best shown in Figure 7, the 

25 central adjustment assembly 100 may incorporate a variety of individual adjustment 

mechanisms for permitting adjustment of the vertical central rod 150 with respect to the 

halo assembly 20. That is, the central adjustment assembly 100 may permit, either alone or 

in combination, rotation of the vertical central rod 150 about the superior-inferior axis, 

about the medial-lateral axis, and may also permit medial-lateral and vertical adjustment of 

30 the vertical central rod 150.  

[0061] As shown in Figure 7, the central adjustment assembly 100 may include a 

front portion 102 and a rear portion 110. The rear portion 110 of the central adjustment 

assembly 100 mates with the attachment means of the connection hub 30. That is, as 

previously described, the rear portion 110 of the central adjustment assembly 100 may 
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i nlcor1 t '-sa 1fhe corresponding projection 40 located on the superior 

surface 38 of the top portion 34 of the connection hub 30. The projection may be a dovetail 

which engages a corresponding groove located on the central adjustment assembly 100.  

This permits the surgeon to slide the central adjustment assembly 100 along the medial

5 lateral axis of the connection hub 30. Thus, a surgeon may adjust the lateral position of the 

vertical rod 150 to its desired position in front of the patient's face to minimize interference 

with the patient's eyesight. As previously stated, the rear portion 110 may also incorporate 

a set screw 114 to fix the lateral position of the central adjustment assembly 100 with 

respect to the connection hub 30 once the medial-lateral and vertical position of the vertical 

10 rod 150 have been selected by the surgeon.  

[0062] The front portion 102 of the central adjustment assembly 100 may extend 

anteriorly outward from the halo assembly 20, and mates via a bore 104 to an upper portion 

of the vertical central rod 150 which, at a lower portion, connects to the horizontal cross

piece assemblies 200 (as will be described in more detail later). The bore 104 may have an 

15 axis that is generally orientated substantially perpendicular to the top surface of the central 

adjustment assembly 100. The bore 104 may have a non-circular or keyed cross-section, 

for mating with a non-circular or keyed vertical central rod. Preferably, however, the rod 

150 has a slot (not shown) extending longitudinally along its outer surface, the slot being 

sized and configured to mate with and engage a set screw 106 in the central adjustment 

20 assembly 100. The mating of the set screw 106 with the slot prevents rotation of the 

vertical central rod 150 with respect to the center adjustment assembly 100. Moreover, 

rotation of the set screw 106 may also secure the axial position of the vertical central rod 

150 with respect to the central adjustment assembly 150 once the rod 150 has been properly 

positioned by the surgeon.  

25 [0063] As previously stated, the central adjustment assembly 100 may also 

incorporate, either alone or in combination, a variety of adjustment mechanisms for 

permitting additional adjustment of the vertical central rod 150 with respect to the halo 

assembly 20. That is, the central adjustment assembly 100 may be configured to permit 

angular adjustment of the vertical central rod 150 about a superior-inferior axis and a 

30 medial-lateral axis (thus allowing a wide variety of angular adjustment of the horizontal 

cross-piece assemblies 200, which may be attached thereto). This angular adjustment may 

be provided by any mechanism known in the art, including but not limited to a rack and 

pinion, spherical joint, a ratchet and pawl type assembly, a cam and follower type assembly, 

etc. Alternatively, as shown in Figure 10, the central adjustment assembly 100 may be 

35 provided as a non-adjustable single piece which connects the halo assembly 20 to the 
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a J0ga1T 5: -te,, however, as shown in Figure 7, the central adjustment 

assembly 100 incorporates a variety of individual adjustment mechanisms for permitting 

adjustment of the vertical central rod 150 with respect to the halo assembly 20. As shown, 

the central adjustment assembly 100 may include at least one worm-gear mechanism 

5 located between the front 102 and rear 110 portions of the central adjustment assembly 100.  

As shown, the center adjustment mechanism 100 may include two worm gear mechanisms 

116, 118, although any number of worm gear mechanisms maybe used. The worm gear 

mechanisms 116, 118 may have worm screws 122, 124, which may be located on the top or 

side surfaces of the central adjustment assembly 100. Utilization of worm gear mechanisms 

10 116, 118 allows the surgeon to rotate the worm gears and vertical rod 150 a discrete and 

precise amount with each turn of the worm screws 122, 124 thereby permitting precise 

control over adjustments to the distraction vector. The pitch of the worm screw and worm 

gear threads may be selected to provide the desired amount of movement of the gear per 

degree of rotation of the screw 122, 124; that being a matter of design choice.  

15 [00641 As shown, the first worm gear 116 permits superior-inferior rotation of the 

vertical central rod 150 (i.e., rotation about a medial-lateral axis) while the second worm 

gear 118 permits medial-lateral rotation of the vertical central rod 150 (i.e., rotation about a 

superior-inferior axis. That is, an axis perpendicular to a plane passing horizontally through 

the wearer's body). The worm gear mechanisms 116, 118 of the central adjustment 

20 assembly 100 may permit approximately +/- 30 degrees of medial-lateral rotation and +45 

to -30 degrees of superior-inferior rotation, as shown in Figures 8 and 9, although other 

rotational ranges are possible.  

[0065] Each worm gear mechanism 116, 118 may also include a set screw 120, 126.  

Once tightened, the set screws 120, 126 prevent any further movement of the central 

25 adjustment assembly 100.  

VERTICAL CENTRAL ROD 

0661 As shown in Figure 1, the vertical central rod 153 may be a rod having a first 

end 152 and a second end 154. The first end 152 slidably engages the bore 104 of the 

central adjustment assembly 100, while the second end 154 slidably engages a central clamp 

30 202 on the horizontal cross-piece assemblies 200 (to be discussed in more detail later). The 

vertical central rod 150 permits the horizontal cross-piece assemblies 200 and the central 

adjustment assembly 100 to be located virtually anywhere along its length, thus providing 

maximum freedom in determining placement of the horizontal cross-piece assemblies 200, 

distraction screws 270 and bone-engaging portions 302. Once the vertical central rod 150 
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bin f ie e rews 106, 206 in the central adjustment assembly 100 

and central clamp 202, respectively, may be tightened thereby preventing further movement 

of the vertical central rod 150.  

[0067] As previously stated, the vertical central rod 150 preferably has a 

5 longitudinal slot extending along its outer surface, the slot being sized and configured to 

mate with a set screw 106 in the central adjustment assembly 100 and to mate with a set 

screw 206 in the central clamp 202, to be explained in more detail later, thereby preventing 

rotation of the vertical central rod 150 with respect to the central adjustment assembly 100 

and with respect to the central clamp 202.  

10 [0068] The vertical central rod 150 may be manufactured from any material known 

in the art including, but not limited to, aluminum, titanium, nitinol, polymers, carbon fiber 

material, etc.  

HORIZONTAL CROSS-PIECE ASSEMBLIES 

[0069] The horizontal cross-piece assemblies 200 connect the vertical central rod 

15 150 to the distraction screws 270, which themselves connect to the footplate assemblies 

300. As shown in Figure 1, the midface distractor 10 may include two horizontal cross 

piece assemblies 200, one to provide distraction of the maxillary bones and the other to 

provide distraction of the zygomatic bones. However, any number of horizontal cross-piece 

assemblies 200 may be utilized. For example, in a Lefort I surgical procedure typically only 

20 one horizontal cross-piece assembly 200 may be required, for example, to distract the 

maxilla.  

[0070] The horizontal cross-piece assemblies 200 may provide mechanisms for 

allowing additional adjustment of the distraction vector. The horizontal cross-piece 

assemblies 200 may include mechanisms for providing lateral adjustment, transverse 

25 rotation, and superior-inferior directional control over the position of the distraction screws 

270.  

[00711 As best shown in Figures 11 and 12, the horizontal cross-piece assembly 200 

includes a central clamp 202, a horizontal rod 212, and two distractor clamps 230. The 

central clamp 202 connects the vertical central rod 150 to the horizontal rod 212. As shown 

30 in Figures 13a and 13b, the central clamp 202 may be a block member having two non

intersecting bores - vertical bore 204 and horizontal bore 208 - extending therethrough. The 

vertical bore 204 extends through the central clamp 202 generally along the superior

inferior axis, while the horizontal bore 208 passes through the central clamp 202 generally 

along the medial-lateral axis. As previously stated, the central clamp 202 includes a set 
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9eb 66 f t ifg-t1f irfred in the vertical central rod 150 thereby preventing 

rotation between the vertical rod 150 and the central clamp 202. Once tightened, the set 

screw 206 prevents movement of the central clamp 202 with respect to the vertical central 

rod 150. The horizontal bore 208 may be circular for mating with a cylindrical horizontal 

5 rod 212, thereby permitting rotation of the horizontal rod 212 relative to the central clamp 

202. The central clamp 202 may also include a set screw 210 for engaging the horizontal 

rod 212. Once tightened, the set screw 210 prevents movement of the central clamp 202 

with respect to the horizontal rod 212.  

[00721 The horizontal rod 212 is generally oriented along an axis perpendicular to 

10 the longitudinal axis of the vertical central rod 150. The horizontal rod 212 interconnects 

the central clamp 202 and the distractor clamps 230, which, as shown, may be located one 

on each side of the central clamp 202. However, any number and configuration of 

distractor clamps 230 may be used. The horizontal rod 212 has a first end 214, a second 

end 216 and a central portion 218 disposed therebetween. The first and second ends 214, 

15 216 each may slidably engage a bore 232 within a respective distractor clamp 230, while the 

central portion 218 of the horizontal rod 212 may slidably engage the horizontal bore 208 of 

the central clamp 202. The central portion 218 of the horizontal rod 212 may have a groove 

220 along at least a portion of its length for accepting and engaging the horizontal set screw 

210 of the central clamp 202. The groove 220 may interact with the set screw 210 to keep 

20 the horizontal rod 212 from rotating with respect to the central clamp 202.  

[0073] As shown, the distractor clamps 230 may comprise a block member having a 

horizontal bore 232 for receiving the horizontal rod 212 and a distraction screw bore 236 for 

receiving a distraction screw 270. The horizontal bore 232 may be circular to mate with the 

circular cross-section of the horizontal rod 212. This configuration permits the distractor 

25 clamps 230 to be located virtually anywhere along the length of the horizontal rod 212, thus 

permitting the surgeon to adjust the lateral placement of the distraction screws 270 and 

footplates.300 attached thereto, Furthermore, the circular horizontal bore 232 permits the 

surgeon to rotate the dibractor clamps 230 and the distraction screws 270 about the axis of 

the horizontal rod 212, thus permitting the surgeon to vary the angle of the distraction 

30 screws 270 with respect to the horizontal rod 212, and thereby providing an additional 

control over the angle and direction of distraction, particularly in the superior-inferior 

direction. Each distractor clamp 230 may also include a set screw 234, which when 

tightened prevents movement and rotation of the distractor clamp 230 with respect to the 

horizontal rod 212.  
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fe N YdistlitNii Niw bore 236 generally has an axis orientated perpendicular 

to the axis of the horizontal rod 212. The distraction screw bore 236 may be configured to 

receive the distraction screw 270 and a distraction nut 238, e.g., a hex nut, etc., for 

threadedly engaging the distraction screw 270. Thus, rotation of the distraction nut 238 

5 may draw the distraction screw 270 through the screw bore 236 to cause the distraction of 

an attached bone segment (to be described in more detail later).  

[0075] With reference to Figures 12, 14a, 14b, 15a-15c, 16a, and 16b, each 

distractor clamp 1230 may also include a swivel feature. The swivel distractor clamp 1230 

may be constructed from multiple pieces, each capable of swiveling with respect to its 

10 associated piece. As shown, the swivel distractor clamp 1230 may include a top piece 1240 

and a bottom piece 1250, the top piece 1240 being associated with the horizontal rod 1212 

and the bottom piece 1250 being associated with the distraction screw 270. That is, as best 

shown in Figures 14a, 14b, 15a-15c, 16a, and 16b, the top piece 1240 of the swivel 

distractor clamp 1230 may have the horizontal bore 1232 for slidably engaging the 

15 horizontal rod 1212, while the bottom piece 1250 may have the distraction screw bore 1236 

for engaging the distraction screws 270. The top and bottom pieces 1240, 1250 may be 

connected by any appropriate manner know in the art to permit the bottom piece 1250, and 

thus the distraction screw 270 attached thereto, to rotate, with respect to the top piece 1240 

and the associated horizontal rod 212. The bottom piece 1250 may swivel about an axis 

20 generally parallel to and offset from the axis of the vertical central rod 150. However, the 

axis of swivel is a matter of design choice and other swivel axes may be provided. Using a 

swivel distractor clamp 1230 provides a surgeon with yet another adjustment option in 

fixing the location of the distraction screws 270, and in turn, over the ultimate direction of 

distraction. Preferably, the swivel clamps 1230 may permit +/- 20 degrees of rotation.  

25 [0076] The top piece 1240 may include a vertical bore 1244 extending from the 

bottom surface 1242 of the top piece 1240 for receiving a vertical post 1254 extending from 

the top surface 1252 of the lower piece 1250, the vertical post 1254 and the vertical bore 

1244 having mating cross-secuons, thus permitting the bottom piece 1250 to rotate or 

swivel with respect to the top piece 1240, and thereby allowing for the transverse rotation of 

30 the distraction screws 270. The top piece 1240 may also contain a set screw 1246 having a 

tip for mating with a groove 1256 in the vertical post 1254, which when tightened prevents 

further rotation or swiveling between the top piece 1240 and the bottom piece 1250, thereby 

preventing the distraction screws 270 from further rotation. The bottom surface 1242 of the 

top piece 1240 and the top surface 1252 of the bottom piece 1250 may also contain 
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i& --dg -proi~fdiik1y lock, i.e., secure, the bottom portion 1250 with 

respect to the top portion 1240.  

[00771 Furthermore, preferably, the top piece 1240 and the groove 1256 formed in 

the vertical post 1254 may be sized and configured to receive a pin 1270, as best shown in 

5 Figure 14b. The pin 1270 is sized and configured to mate with the vertical post 1254 and 

the vertical bore 1244 formed in the top piece 1240 in order to prevent the top and bottom 

pieces 1240, 1250 of the distractor clamp 1230 from separating when the set screw 1246 is 

loosened.  

[0078] Alternatively, the top and bottom pieces 1240, 1250 of the swivel clamp 

10 1230 may be reversed. That is, the top piece 1240 of the swivel clamp 1230 may contain 

the distraction screw bore 1236 for engaging the distraction screw 270, while the bottom 

piece 1250 may have the horizontal bore 1232 for slidably engaging the horizontal rod 

1212.  

[0079] The distraction screws 270 may generally be oriented perpendicular to both 

15 the vertical central rod 150 and the horizontal rod 212, however, the swivel-type distractor 

clamp 1230 may allow adjustment of this orientation relative to the axis of the horizontal 

rod 1212. The distraction screws 270 may include a distal end 272 that points inward 

toward the patient's face, and a proximal end 274 which engages the distractor clamp 230, 

as discussed above. Preferably, the distraction screw 270 includes etched calibrations, i.e., 

20 markings, extending from the distal end 272 to the proximal end thereof to help the surgeon 

determine the exact amount of distraction performed. The distal end 272 of each distraction 

screw 270 may include a hole 276 drilled or otherwise formed therethrough. The hole 276 

is generally configured to accept a wire 285, which may be used to interconnect the 

distraction screw 270 with a corresponding footplate assembly 300. Using a wire 285 to 

25 interconnect the distraction screws 270 with the bone-engaging portions 302 (to be 

discussed in more detail later) permits the midface distractor 10 to be easily disconnected 

and may eliminate the need for a second incision to remove the bone-engaging portions 302, 

That is, the boiie-engaging portions 302 may be constructed with a low profit so that, if 

desired, they may be left attached to the patient's maxilla and zygoma with little, if any, 

30 visible indication thus eliminating the need for a second incision to remove the bone

engaging portions 302. Moreover, the bone-engaging portions 302 may be manufactured 

from a bioresorbable material, which may be left in the patient after the procedure. The 

bioresorbable footplates may naturally deteriorate over time, thus eliminating the need for 

their removal. Using a wire 285 permits the bone-engaging portions 302 to be easily 

35 disconnected from the distraction screws 270, thereby permitting the midface distractor 10 
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idte from the patient's cranium. The wire 285 maybe 

manufactured from any appropriate material known in the art including, but not limited to, 

24 or 26 gauge stainless steel wire. Using a wire 285 however is not critical and 

alternatively, the distraction screws 270 may directly engage the bone-engaging portions 

5 302.  

FOOTPLATE ASSEMBLIES 

[0080] The footplate assemblies 300 connect the distraction screws 270 to the 

targeted bone segments to be distracted. As shown in Figure 1, the midface distractor 10 

may have four footplate assemblies 300. However, as previously stated this number is not 

10 critical and any number of footplate assemblies 300 may be used. The midface distractor 10 

may incorporate maxillary and zygomatic footplate assemblies that connect the targeted 

bone segments with respective distraction screws 270. The maxillary and zygomatic 

footplate assemblies may generally be configured to make the midface distractor 10 easier 

to attach and remove from the targeted bone segments, and to maximize patient comfort.  

15 [0081] The maxillary footplate assembly 310 generally connects a maxillary bone 

segment, generally just above the tooth buds, to the horizontal cross-piece assembly 200.  

When more than one cross-piece assembly 200 is utilized, the maxillary footplate assembly 

310 generally connects to the lower horizontal cross piece assembly200. The zygomatic 

footplate assembly 340 connects a zygomatic bone segment to the upper cross-piece 

20 assembly 200 (when more than one horizontal cross-piece assembly is used).  

[0082] The footplate assemblies 300 generally include a bone engaging portion 302 

for directly engaging the maxilla or zygoma. The bone engaging portion 302 may be a 

footplate, and may be provided in a wide variety 'of shapes suitable for connection to the 

zygoma, maxilla, nose, infraorbital rim, or pyrifonn aperature as desired by the surgeon and 

25 as the particular bones permit and/or procedure requires. The bone engaging portions 302 

may have one or more holes 304 therethrough for receiving bone engaging screws (not 

shown) for seg che po:ir te o he r umber of hcles 304 bing a matter of design 

choice. The bone-engaging portions 302 may be manufactured from any appropriate 

material known in the art, including but not limited to titanium, bioresorbable material, etc.  

30 Alternatively, the bone-engaging portion 302 of the maxillary footplate assembly 310 may 

be a rigid intra-oral splint, the oral splint permitting engagement of the midface distractor 10 

with the patient's teeth, thus eliminating the need for installing bone screws into the 

maxilla. Any intra-oral splint known in the art may be used. In one embodiment, the intra

oral splint may include orthodontic bands fit to the primary or secondary molars, depending 
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kEY~ii j~ j.3 it'lim~intic bands may be bent into close contact with most, if 

not all, of the teeth associated with the maxilla. The intra-oral splint may further include 

connecting wires, which protrude from the orthodontic bands. The connecting wires 

facilitate connection to the distraction screws 270 either directly or via a wire 285. The 

5 orthodontic band and connection wire may be manufactured by any appropriate material 

known in the art including, but not limited to, stainless steel wire, for example, 0.045 or 

0.050 stainless steel wire.  

[0083] As shown in Figure 17, the maxillary footplate assembly 310 may also 

include a distractor-engaging portion 320, a distractor rod 312, and a bone engaging portion 

10 302 (as described above). The distractor rod 312 is generally used to connect the bone

engaging portion 302 to the distractor-engaging portion 320, and has a first end 314 and a 

second end 316. The first end 314 of the distractor rod 312 connects to the bone engaging 

portion 302. This connection may be made by any method known in the art, including but 

not limited to: welding, screwing, bolting, machine screw, a slip-foot type connection, etc.  

15 In the illustrated embodiment, the distractor rod 312 and bone engaging portion 302 may be 

connected by a screw 318 . The screw 318 permits the distractor rod 312 to be connected 

and disconnected from the bone-engaging portion 302 as necessary without requiring 

removal of the bone-engaging portion 302 from the patient, The second end 316 of the 

distractor rod 312 engages the distractor-engaging portion 320.  

20 [0084] The distractor rod 312 may be manufactured from any material known in the 

art including, but not limited to, a strong, yet easily bendable material so that surgeons can 

shape the distractor rod 312 into any shape necessary to minimize interference with the 

patient's facial features. The material should still, however, be strong enough to resist 

deformation due to the forces exerted on it during the distraction process. As shown, the 

25 distractor rod 312 may be bent into a U-shape, so that when the maxillary footplate 

assembly engages the maxilla, the distractor-engaging portion 320 may be located outside 

the patient's mouth, while avoiding interference with the patient's lips.  

[085] The distractor-engaging portion 320 connects the bone-engaging portion 302 

to the distraction screws 270. This connection may be by any appropriate method known in 

30 the art. Preferably, the distractor-engaging portion 320 may be a clamp 321 that slidably 

engages the distractor rod 312 so that the distractor-engaging portion 320 can be located 

anywhere along the length of the distractor rod 312. As shown, the clamp 321 may be a 

single-piece clamp including a base portion 322 with two arms 324 extending therefrom.  

The base portion 322 may include a vertical slot 326 extending along a portion of its length, 

35 the vertical slot 326 being provided with an internal widened jaw area 327 configured to 
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migEEEthudfia &ord55.W e vertical slot 326 permits the arms 324 of the clamp 321 

to engage the distractor rod 312. The arms 324 also may include corresponding bores (not 

shown) for receiving a set screw 332, the tightening of which draws the arms 324 together, 

thereby clamping the distractor rod 312 therebetween, and preventing further movement of 

5 the clamp 321 with respect to the distractor rod 312. Furthermore, the base portion 322 of 

the clamp 321 may include a hole 328 therethrough for engaging the wire 285, which is then 

connected to the distraction screws 270, as best shown in Figure 1, and as previously 

described.  

[0086] Similar to the maxillary footplate assemblies 310, the zygomatic footplate 

10 assembly 340 includes a bone engaging portion 302, as described above, for engaging a 

patient's zygoma. However, unlike the maxillary footplate assemblies 310 that include a 

distractor-engaging portion 320 and a distractor rod 312, the zygomatic footplate assemblies 

340, as shown in Figure 18, each may include a wire attachment screw 342 having a first 

end 344 and a second end 346. The first end 344 of the wire attachment screw 342 is sized 

15 and configured to threadedly engage and extend through a bore in the bone engaging 

portion 302 of the footplate assembly 300 so that the first end 344 of the screw 342 may 

also threadedly engage the patient's zygomatic bone. This permits the wire attachment 

screw 342 to engage the patient's bone at acute angles. The second end 346 of the screW 

344 may include an enlarged head 348 with a hole 350 drilled therethrough for engaging a 

20 distraction screw 270 via a wire 285. The second end 346 may also include a tool-engaging 

mechanism on the end thereof for engaging a screwdriver, ratchet, etc., to facilitate 

installation and removal of the wire attachment screw 342 with respect to the bone engaging 

portion 302.  

[0087] It should be noted that the maxillary 310 and zygomatic 340 footplate 

25 assemblies and their arrangements as described herein are preferred embodiments only and 

surgeons may if they so desire use only maxillary footplate assemblies 310, or only zygoma 

footplate assemblies 340. Furthermore, surgeons may attach the zygoma footplate 

assemblies -40 to Le patient's maxilla, and attach ihe maxillary footplate assemblies 310 to 

the patient's zygoma. Finally, the distraction screws 270 may connect to the bone-engaging 

30 portions 302 directly or via a wire 285.  

INSTALLATION AND REMOVAL PROCEDURES AND THE EXTERNAL MIDFACE 
DISTRACTOR IN USE 

[0088] Installation of the midface distractor 10 may begin with the surgeon making 

the appropriate incisions to permit installation of the bone-engaging portions 302 to the 
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Rt2dMbr'Nb -a d &INe~nents. The surgeon then maps out the appropriate 

osteotomy, which may be a Lefort I, 11, 111 or Monobloc configuration. The bone-engaging 

portions 302 may then be installed either intra-orally (when connecting to the patient's 

maxillary bones) or internally (when connecting to the patient's zygomatic bones). The 

5 appropriate bone cuts may then be made and the incisions may be closed.  

[0089] The surgeon may then fit the halo assembly 20 to the patient's head by 

adjusting the lateral and longitudinal adjustment mechanisms of the halo assembly 20 and 

then engaging the halo 20 with the patient's head using skull fixation pins placed through 

the bores 71 in the side members 50. Alternatively, the surgeon may use the positional pins 

10 to temporarily position the location of the halo assembly 20 with respect to the patient's 

scalp until the central adjustment assembly 100, horizontal cross-piece assemblies 200, and 

distraction screws 270 are appropriately positioned.  

[0090] The surgeon then selects the number of horizontal cross-piece assemblies 

200 required, which is typically based upon the type of osteotomy being performed, for 

15 example, Lefort H, III and Monobloc generally require two horizontal cross-piece 

assemblies, while Lefort I generally only requires one. The horizontal cross-piece 

assemblies 200 may then be attached to the vertical central rod 150, which is attached to the 

central adjustment assembly 100, which may have already been connected to the halo 

assembly 20. The vertical central rod 150 is then adjusted and aligned using, inter alia, the 

20 lateral adjustment 33 and the central adjustment mechanism 100 to avoid interference with 

the patient's sight.  

[0091] The surgeon then sets the angle of the distraction screws 270 based upon 

his/her determination as to the appropriate vector of distraction. The angle of the distraction 

screws 270 may be set by adjusting the location and angle of: the vertical central rod 150, 

25 the central adjustment assembly 100, the horizontal cross-piece assemblies 200 including 

the horizontal rod 212 and distractor clamps 230. Next, the surgeon attaches the wire 285, 

if used, to the distraction screws 270 and footplate assemblies 300. Thereafter, the set 

screws for each piece may be tightened, thus fixing ihe midface distractor 10 in place.  

Lastly, the surgeon tightens the wire 285 and confirms the advancement of the desired bone 

30 segments.  

[0092] Note that while the preferred installation steps may be as described above, 

the steps of installation may vary, for example, the surgeon may map out the appropriate 

osteotomy prior to making any incision, or the surgeon may elect to install the bone

engaging portions 302 after making the appropriate osteotomy. Furthermore, the halo 

35 assembly 20 may be installed first, or after the osteotomy is performed. Any number of 
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rt idbdire may be performed and yet still be within the scope of 

the present invention.  

[0093] Once properly installed, the bone segments may be subjected to gradual 

incremental distraction by rotation of the distraction nut 238, which in turn distracts the 

5 engaged bone segments. The distraction screws 270 may be periodically (e.g. daily) rotated 

to incrementally distract the bone segment (usually by about 1 mm), until the desired 

distraction is achieved. The ultimate rate, rhythm, amount, and direction of distraction is 

left to the determination of the surgeon.  

[0094] Furthermore, the present invention permits surgeons to alter the distraction 

10 vector of the distraction screws 270 during the distracting procedure, that is, after distraction 

has commenced. This is accomplished by either changing the position and/or angle of the 

distraction screws 270 by loosening the appropriate set screws and adjusting the position 

and/or angle of the vertical central rod 150, central adjustment assembly 100, or horizontal 

cross-piece assemblies 200 including the horizontal rod 212 and distractor clamps 230.  

15 Once properly repositioned, if necessary, the surgeon may then retighten the wires 285 and 

fix the new position of the midface distractor 10 by retightening the set screws.  

[0095] To remove the midface distractor 10, the surgeon may cut the wires 285, if 

used, thus disconnecting the midface distractor 10 from the bone-engaging portions 302.  

Thereafter, the skull fixation pins (not shown) may be loosened and the entire assembly 

20 removed from the patient's head. The surgeon then removes the bone engaging portions 

302, if necessary. Alternatively, as previously stated, the bone-engaging portions 302 may 

be designed with a low profile so that, if desired, they may be left attached to the patient's 

maxilla and zygoma with little, if any, visible indication thus eliminating the need for a 

second incision to remove the bone-engaging portions 302. Moreover, the bone-engaging 

25 portions 302 may be manufactured from a bioresorbable material, which may be left in the 

patient after the procedure. The bioresorbable footplates naturally deteriorating over time.  

[0096] Finally, it should be noted that the midface distractor 10 of the present 

invention may be provide-d a. a kit having various components, permitting the surgeon to 

select from a variety of pieces to customize the midface distractor 10 to the needs of each 

30 individual patient. For example, a kit may include several horizontal cross-piece assemblies 

200, thus permitting surgeons to choose the number of cross-piece assemblies 200 to be 

installed. Additionally, the kit may contain varying sized distraction screws 270 having 

varying pitches, the varying pitches changing the amount of distraction per unit turn of the 

distraction screws 270 based upon the individual patient's needs. Furthermore, the kit may 

5 contain various sizes, shapes, materials of footplates 300, different sized horizontal 212 and 
-24-



WO 2005/107620 PCT/US2005/015592 

r-04, ii ; ivl NENHifiswivel distractor clamps 230, adjustable and non

adjustable center adjustment assemblies 100, etc.  

[0097] The present invention has been described in connection with the preferred 

embodiments. These embodiments, however, are merely for example and the invention is 

5 not restricted thereto. It will be understood by those skilled in the art that other variations 

and modifications can easily be made within the scope of the invention as defined by the 

appended claims, thus it is only intended that the present invention be limited by the 

following claims.  
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WHAT IS CLAWED; 

1. A distractor comprising: 

a halo assembly for attachment to a patient's head; 

a vertical central rod having a longitudinal axis, 

a central adjustment assembly for interconnecting the vertical central rod and 

5 the halo assembly; and 

at least one horizontal cross piece associated with the vertical central rod, the 

at least one horizontal cross piece assembly including at least one distraction element and at 

least one bone engaging portion; 

wherein the central adjustment assembly includes at least one angular 

10 adjustment mechanism for permitting angular adjustment of the vertical central rod with 

respect to the halo assembly in at least two degrees of freedom.  

2. The distractor according to claim 1, wherein the central adjustment assembly 

includes two angular adjustment mechanisms, one for providing angular adjustment of the 

vertical central rod about an axis extending perpendicular to the longitudinal axis of the 

15 vertical central rod, and the other for providing angular adjustment of the vertical central 

rod about an axis parallel to the longitudinal axis of the vertical central rod.  

3. The distractor according to claim 1, wherein the at least one angular 

adjustment mechanism comprises at least one worm-gear mechanism 

4. The distractor according to claim 1, wherein the halo assembly further 

20 comprises a U-shaped member, the U-shaped member including a pair of mounting plates, 

two side members, and a central connecting hub; wherein each side member has a first end 

and a second end, the first end is attached to one of the mounting plates and the second end 

is attached to the central connecting hub.  

5. The distractor according to clai 4, whe:in the maounting ptes are 

25 adjustably connected to the first end of the side member.  

6. The distractor according to claim 5, wherein the mounting plates further 

comprises a top surface having a groove, and the first end of the side member has a dovetail 

for slidably engaging the groove.  
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P f:: T.US. ~ ~disla ''I-ding to claim 6, wherein the mounting plates further 

comprises a housing having a bore for receiving an adjustment screw, and the first end of 

the side member further includes an internally threaded bore for engaging the adjustment 

screw; rotation of the adjustment screw causing the side member and mounting plate to be 

5 axially displaceable with respect to one another.  

8. The distractor according to claim 4, wherein the mounting plates further 

comprise a plurality of cranial fixation bores.  

9. The distractor according to claim 8, wherein at least one of the plurality of 

bores is threaded for receiving an externally threaded skull fixation pin.  

10 10. The distractor according to claim 9, wherein at least a portion of the 

externally threaded skull fixation pins includes a bone thread.  

11. The distractor according to claim 10, wherein the plurality of bores include a 

first set of bores which have axes perpendicular to the plane of the mounting plate, and a 

second set of bores having axes substantially non-perpendicular to the plane of the 

15 mounting plate.  

12. The distractor according to claim 4, wherein the connecting hub further 

comprises a central body and a frame adjustment screw, rotation of the frame adjustment 

screw causing a width of the halo assembly to be adjusted.  

13. The distractor according to claim 12, wherein the connection hub is sized and 

20 configured to simultaneously engage two central adjustment assemblies.  

14. The distractor according to claim 12, wherein the frame adjustment screw is 

a double threaded screw that mates with corresponding internally threaded bores formed in 

the second ends of the side members.  

15. The distractor according to claim 12, wherein the connecting hub further 

25 comprises two rods located parallel to, and on either side of, the frame adjustment screw.  

16. The distractor according to claim 4, wherein the connecting hub further 

comprises a top surface having a projection and the central adjustment assembly further 

comprises a bottom surface having a slot , the projection being slidably received within the 

slot.  
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p2 C T7Jl?/ STMistg pi~ling to claim 16, wherein the slot is a groove and the 

projection is a dovetail.  

18. The distractor according to claim 4, wherein the central adjustment assembly 

further comprises a front portion and a rear portion, the rear portion mates with the 

5 connecting hub, and the front portion includes a bore for engaging the vertical central rod.  

19. The distractor according to claim 18, wherein the vertical central rod has a 

slot for mating with a set screw in the bore for preventing rotation therebetween.  

20. The distractor according to claim 1, wherein the distractor comprises two 

horizontal cross piece assemblies, one for connecting to at least one maxillary bone and the 

10 other for connection to at least one zygomatic bone.  

21. The distractor according to claim 1, wherein the at least one horizontal cross

piece assembly further comprises a central clamp, a horizontal rod, two distractor clamps, 

and two distraction elements, the central clamp interconnecting the horizontal rod with the 

vertical central rod, and the distractor clamp interconnecting the horizontal rod with the 

15 distraction elements.  

22. The distractor according to claim 21, wherein the distractor clamps are 

rotatably adjustable about the axis of the horizontal rod.  

23. The distractor according to claim 21, wherein the distractor clamps further 

comprise a distracting element bore for receiving the distraction element.  

20 24. The distractor according to claim 21, wherein the distractor clamp further 

comprises a top piece and a bottom piece, the top piece being angularly adjustable relative 

to the bottom piece.  

25. Th Ztra ,-: a: rdig to c im 2 , wherei'i the tc p pece ai :he botom 

piece include a retention feature so that the top piece and the bottom piece can not be 

25 inadvertently separated with respect to one another.  

26. The distractor according to claim 24, wherein the top piece and the bottom 

piece are angularly adjustable about an axis substantially parallel to the axis of the vertical 

central rod.  
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Thl? 1.E r iitrhciEi irding to claim 21, wherein the distraction elements further 

comprise a distal end that points inward toward the patient's face and a proximal end 

associated with the distractor clamp.  

28. The distractor according to claim 27, wherein the distal end of the distraction 

5 element further comprises a hole for receiving a wire, the wire being disposed between the 

distraction element and the bone engaging portion.  

29. The distractor according to claim 1, wherein the bone engaging portion 

further comprises at least one footplate assembly.  

30. The distractor according to claim 29, wherein the at least one footplate 

10 assembly is selected from the group consisting of at least one maxillary footplate assembly 

and at least one zygomatic footplate assembly.  

31. The distractor according to claim 29, wherein the at least one footplate 

assembly further comprises a distractor-engaging portion for interconnecting the at least one 

footplate assembly and the distraction elements, and a distraction rod for interconnecting the 

15 bone-engaging portion and the distractor-engaging portion.  

32. The distractor according to claim 31, wherein the distraction rod and bone 

engaging portion are releasably connected to one another.  

33. The distractor according to claim 31, wherein the distractor engaging portion 

further comprises a single-piece clamp having a base portion with two arms extending 

20 therefrom, the base portion having a slot configured to engage the distraction rod and the 

arms having corresponding holes for engaging a wire, the wire interconnecting the distractor 

engaging portion and the distraction element.  

34. The distractor according to claim 29, wherein the at least one footplate 

assembly farther comprises a wire arachment screw, the wire aitachment screw having a 

25 first end and a second end, wherein the first end threadedly engages and extends through a 

bore in the bone engaging portion so that the first end may also threadedly engage the 

patient's bone.  

35. The distractor according to claim 34, wherein the second end has an enlarged 

head with a hole for engaging a respective distraction element via a wire.  
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P -6T1- EAd'tfatd lAing: 

a halo assembly for attachment to a patient's head; 

a vertical central rod, 

a central adjustment assembly for interconnecting the vertical central rod and 

5 the halo assembly; the central adjustment assembly includes at least one angular adjustment 

mechanism for permitting angular adjustment of the vertical central rod with respect to the 

halo assembly in at least two degrees of freedom; and 

at least one horizontal cross piece assembly attached to the vertical central 

rod, the at least one horizontal cross piece assembly including at least one distraction 

10 element and at least one bone engaging portion; 

wherein the halo assembly further comprises at least one mounting plate and 

at least one side member, each side member having a first end and a second end, the first 

end being adjustably connected to the mounting plate.  

37. The distractor according to claim 36, wherein the central adjustment 

15 assembly includes two angular adjustment mechanisms, one for providing angular 

adjustment of the vertical central rod about an axis extending perpendicular to the 

longitudinal axis of the vertical central rod, and the other for providing angular adjustment 

of the vertical central rod about an axis parallel to the longitudinal axis of the vertical 

central rod.  

20 38. The distractor according to claim 36, wherein the at least one angular 

adjustment mechanism comprises at least one worm-gear mechanism.  

39. The distractor according to claim 36, wherein the halo assembly further 

comprises a U-shaped member, the U-shaped member including a pair of mounting plates, 

two side members, and a central connecting hub; wherein each side member has a first end 

25 and a second end, the first end attached to one of the mounting plates and the second end 

1:dy!A, connected to the cLal 

40. The distractor according to claim 39, wherein the mounting plates further 

comprise a top surface having a groove, and the first end of the side member has a dovetail 

for slidably engaging the groove.  
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P 4 i* l3 i £didl R&1ing to claim 40, wherein the mounting plates further 

comprises a housing having a bore for receiving an adjustment screw, and the first end of 

the side member further includes an internally threaded bore for engaging the adjustment 

screw; rotation of the adjustment screw causing the side member and mounting plate to be 

5 axially displaceable with respect to one another.  

42. The distractor according to claim 39, wherein the mounting plates further 

comprise a plurality of cranial fixation bores.  

43. The distractor according to claim 42, wherein at least one of the plurality of 

bores is threaded for receiving an externally threaded skull fixation pin.  

10 44. The distractor according to claim 43, wherein at least a portion of the 

externally threaded skull fixation pins includes a bone thread.  

45. The distractor according to claim 43, wherein the plurality of bores include a 

first set of bores which have axes perpendicular to the plane of the mounting plate, and a 

second set of bores having axes substantially non-perpendicular to the plane of the 

15 mounting plate.  

46. The distractor according to claim 39, wherein the connecting hub further 

comprises a central body and a frame adjustment screw, rotation of the frame adjustment 

screw causing a width of the halo assembly to be adjusted.  

47. The distractor according to claim 46, wherein the connection hub is sized and 

20 configured to simultaneously engage two central adjustment assemblies.  

48. The distractor according to claim 46, wherein the frame adjustment screw is a 

double threaded screw that mates with corresponding internally threaded bores formed in 

the second ends of the side members, 

49. The distractor according to claim 46, wherein the connecting hub further 

25 comprises two rods located parallel to, and on either side of, the frame adjustment screw.  

50. The distractor according to claim 39, wherein the connecting hub further 

comprises a top surface having a projection and the central adjustment assembly further 

comprises a bottom surface having a slot, the projection being slidably received within the 

slot.  
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P IM. I'1E"I isr"ac ing to claim 50, wherein the slot is a groove and the 

projection is a dovetail.  

52. The distractor according to claim 39, wherein the central adjustment 

assembly further comprises a front portion and a rear portion, the rear portion mates with 

5 the connecting hub, and the front portion includes a bore for engaging the vertical central 

rod.  

53. The distractor according to claim 52, wherein the vertical central rod has a 

slot for mating with a set screw in the bore for preventing rotation therebetween.  

54. The distractor according to claim 36, wherein the distractor comprises two 

10 horizontal cross piece assemblies, one for connecting to at least one maxillary bone and the 

other for connection to at least one zygomatic bone.  

55. The distractor according to claim 36, wherein the at least one horizontal 

cross-piece assembly further comprises a central clamp, a horizontal rod, two distractor 

clamps, and two distraction elements, the central clamp interconnecting the horizontal rod 

15 with the vertical central rod, and the distractor clamp interconnecting the horizontal rod 

with the distraction elements.  

56. The distractor according to claim 55, wherein the distractor clamps are 

rotatably adjustable about the axis of the horizontal rod.  

57. The distractor according to claim 55, wherein the distractor clamps further 

20 comprise a distracting element bore for receiving the distraction element.  

58. The distractor according to claim 55, wherein the distractor clamp further 

comprises a top piece and a bottom piece, the top piece being angularly adjustable relative 

to the bottom piece.  

59. The distractor according to claim 58, wherein the top piece and the bottom 

25 piece include a retention feature so that the top piece and the bottom piece can not be 

inadvertently separated with respect to one another.  

60. The distractor according to claim 58, wherein the top piece and the bottom 

piece are angularly adjustable about an axis substantially parallel to the axis of the vertical 

central rod.  
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P 11 R'iltrharct ePMiing to claim 55, wherein the distraction elements further 

comprise a distal end that points inward toward the patient's face and a proximal end 

associated with the distractor clamp.  

62. The distractor according to claim 61, wherein the distal end of the distraction 

5 element further comprises a hole for receiving a wire, the wire being disposed between the 

distraction element and the bone engaging portion.  

63. The distractor according to claim 36, wherein the bone engaging portion 

further comprises at least one footplate assembly.  

64. The distractor according to claim 63, wherein the at least one footplate 

10 assembly is selected from the group consisting of at least one maxillary footplate assembly 

and at least one zygomatic footplate assembly.  

65. The distractor according to claim 63, wherein the at least one footplate 

assembly further comprises a distractor-engaging portion for interconnecting the at least one 

footplate assembly and the distraction elements, and a distraction rod for interconnecting the 

15 bone-engaging portion and the distractor-engaging portion.  

66. The distractor according to claim 65, wherein the distraction rod and bone 

engaging portion are releasably connected to one another.  

67. The distractor according to claim 65, wherein the distractor engaging portion 

further comprises a single-piece clamp having a base portion with two arms extending 

20 therefrom, the base portion having a slot configured to engage the distraction rod and the 

arms having corresponding holes for engaging a wire, the wire interconnecting the distractor 

engaging portion and the distraction element.  

68. The distractor according to claim 63, wherein the at least one footplate 

assembly further comprises a wire attachment screw, the wire attachment screw having a 

25 first end and a second end, wherein the first end threadedly engages and extends through a 

bore in the bone engaging portion so that the first end may also threadedly engage the 

patient's bone.  

69. The distractor according to claim 68, wherein the second end has an enlarged 

head with a hole for engaging a respective distraction element via a wire.  
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P 12: Ui iiing: 

a halo assembly for attachment to a patient's head; 

a vertical central rod, 

a central adjustment assembly for interconnecting the vertical central rod and 

5 the halo assembly; and 

at least one horizontal cross piece assembly attached to the vertical central 

rod, the at least one horizontal cross piece assembly including at least one distraction 

element and at least one bone engaging portion; 

wherein the at least one horizontal cross-piece assembly includes a central 

10 clamp, a horizontal rod, and at least one distractor clamp, the central clamp interconnecting 

the horizontal rod with the vertical central rod, and the distractor clamp interconnecting the 

horizontal rod with the distraction element; 

wherein the distractor clamp includes a top piece and a bottom piece, the top 

piece being angularly adjustable relative to the bottom piece.  

15 71. The distractor according to claim 70, wherein the central adjustment 

assembly includes at least one angular adjustment mechanism for permitting angular 

adjustment of the vertical central rod with respect to the halo assembly.  

72. The distractor according to claim 71, wherein the central adjustment 

assembly includes two angular adjustment mechanisms, one for providing angular 

20 adjustment of the vertical central rod about an axis extending perpendicular to the 

longitudinal axis of the vertical central rod, and the other for providing angular adjustment 

of the vertical central rod about an axis parallel to the longitudinal axis of the vertical 

central rod.  

73. The distractor according to claim 71, wherein the at least one angular 

25 adjustment mechanism comprises at least one worm-gear mechanism.  

74. The distractor according to claim 70, wherein the halo assembly further 

comprises a U-shaped member, the U-shaped member including a pair of mounting plates, 

two side members, and a central connecting hub; wherein each side member has a first end 

and a second end, the first end is attached to one of the mounting plates and the second end 

30 is attached to the central connecting hub.  

75. The distractor according to claim 74, wherein the mounting plates are 

adjustably connected to the first end of the side member.  
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P C "R8 :iJS~diisEiRc~ 6&iling to claim 75, wherein the mounting plates further 

comprises a top surface having a groove, and the first end of the side member has a dovetail 

for slidably engaging the groove.  

77. The distractor according to claim 76, wherein the mounting plates further 

5 comprises a housing having a bore for receiving an adjustment screw, and the first end of 

the side member further includes an internally threaded bore for engaging the adjustment 

screw; rotation of the adjustment screw causing the side member and mounting plate to be 

axially displaceable with respect to one another.  

78. The distractor according to claim 74, wherein the mounting plates further 

10 comprise a plurality of cranial fixation bores.  

79. The distractor according to claim 78, wherein at least one of the plurality of 

bores is threaded for receiving an externally threaded skull fixation pin.  

80. The distractor according to claim 79, wherein at least a portion of the 

externally threaded skull fixation pins includes a bone thread.  

15 81. The distractor according to claim 79, wherein the plurality of bores include a 

first set of bores which have axes perpendicular to the plane of the mounting plate, and a 

second set of bores having axes substantially non-perpendicular to the plane of the 

mounting plate.  

82. The distractor according to claim 74, wherein the connecting hub further 

20 comprises a central body and a frame adjustment screw, rotation of the frame adjustment 

screw causing the overall width of the halo assembly to be adjusted.  

83. The distractor according to claim 82, wherein the connection hub is sized and 

configured to simultaneously engage two central adjustment assemblies.  

84. The distractor according to claim 82, wherein the frame adjustment screw is 

25 a double threaded screw that mates with corresponding internally threaded bores formed in 

the second ends of the side members.  

85. The distractor according to claim 82, wherein the connecting hub further 

comprises two rods located parallel to, and on either side of, the frame adjustment screw.  
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lP C i 6 E5 dia~Lc ~dsdiifling to claim 74, wherein the connecting hub further 

comprises a top surface having a projection and the central adjustment assembly further 

comprises a bottom surface having a slot , the projection being slidably received within the 

slot.  

5 87. The distractor according to claim 86, wherein the slot is a groove and the 

projection is a dovetail.  

88. The distractor according to claim 74, wherein the central adjustment 

assembly further comprises a front portion and a rear portion, the rear portion mates with 

the connecting hub, and the front portion includes a bore for engaging the vertical central 

10 rod.  

89. The distractor according to claim 88, wherein the vertical central rod has a 

slot for mating with a set screw in the bore for preventing rotation therebetween.  

90. The distractor according to claim 70, wherein the distractor comprises two 

horizontal cross piece assemblies, one for connecting to at least one maxillary bone and the 

15 other for connection to at least one zygomatic bone.  

91. The distractor according to claim 70, wherein the at least one horizontal 

cross-piece assembly further comprises a central clamp, a horizontal rod, two distractor 

clamps, and two distraction elements, the central clamp interconnecting the horizontal rod 

with the vertical central rod, and the distractor clamp interconnecting the horizontal rod 

20 with the distraction elements.  

92. The distractor according to claim 91, wherein the distractor clamps are 

rotatably adjustable about the axis of the horizontal rod.  

93. The distractor according to claim 91, wherein the distractor clamps further 

compise a distracting elemd bore for receiviLg ii disutractori elemeat.  

25 94. The distractor according to claim 91, wherein the distractor clamp further 

comprises a top piece and a bottom piece, the top piece being angularly adjustable relative 

to the bottom piece.  
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- T. dikstik Etiing to claim 94, wherein the top piece and the bottom 

piece include a retention feature so that the top piece and the bottom piece can not be 

inadvertently separated with respect to one another.  

96. The distractor according to claim 94, wherein the top piece and the bottom 

5 piece are angularly adjustable about an axis substantially parallel to the axis of the vertical 

central rod.  

97. The distractor according to claim 91, wherein the distraction elements further 

comprise a distal end that points inward toward the patient's face and a proximal end 

associated with the distractor clamp.  

10 98. The distractor according to claim 97, wherein the distal end of the distraction 

element further comprises a hole for receiving a wire, the wire being disposed between the 

distraction element and the bone engaging portion.  

99. The distractor according to claim 71, wherein the bone engaging portion 

further comprises at least one footplate assembly.  

15 100. The distractor according to claim 99, wherein the at least one footplate 

assembly is selected from the group consisting of at least one maxillary footplate assembly 

and at least one zygomatic footplate assembly.  

101. The distractor according to claim 99, wherein the at least one footplate 

assembly further comprises a distractor-engaging portion for interconnecting the at least one 

20 footplate assembly and the distraction elements, and a distraction rod for interconnecting the 

bone-engaging portion and the distractor-engaging portion.  

102. The distractor according to claim 101, wherein the distraction rod and bone 

engaging portion are releasably connected to one another.  

103. The distractor according to claim 101, wherein the distractor engaging 

25 portion further comprises a single-piece clamp having a base portion with two arms 

extending therefrom, the base portion having a slot configured to engage the distraction rod 

and the arms having corresponding holes for engaging a wire, the wire interconnecting the 

distractor engaging portion and the distraction element.  
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P C lfid iii cS-dTR ing to claim 99, wherein the at least one footplate 

assembly further comprises a wire attachment screw, the wire attachment screw having a 

first end and a second end, wherein the first end threadedly engages and extends through a 

bore in the bone engaging portion so that the first end may also threadedly engage the 

5 patient's bone.  

105. The distractor according to claim 104, wherein the second end has an 

enlarged head with a hole for engaging a respective distraction element via a wire.  
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