WD 2009/ 096899 PCT/ SG2008/ 000038 1 VARI ABLE ANGLE LI MB SUPPORT Field of
the I nvention [0001] The present invention generally relates to a device
for supporting a linb in wvarious angul ar positions, especially for
supporting bb i n radiographic projection of | | o- f enor al
j oint. Backgrdo%ﬁﬁ{‘ggé‘gbt he I nvention [0002] Radi ographic %éﬁg?(%?ésfogkog%f t he
patello-fenoral joint is currently the best projection to denpbnstrate
patel | o-fenoral pathol ogies, particularjly in the eval uation of

patel |l o-fenoral disorders such as chondromal aci a and recurrent subl uxati on.
In cormon nedical practice, a patient's lower linb is supported by a
conventional fixed angle RE ANFIcH LEMB/SIRBORTS | xed knee-fl exi on of
30-40 degree between the long axis of the tibia and the long axis of the
femur. A horizontal X-ray beamis directed towards the patello-fenoral
joint space, while the patient Haeldafihe lneédona fil m cassette to capture
the penetrated X-ray beam [0003] FIG 1 shows two types of conventi onal

range of s5% Gear LT PHITEE et BB BB e it Trb "
suf fi ci ent viriss cergulas tposition especidily foat sipbartihgrei@berj BbtinSRAR@raphic MY not
be opti nal Flfo' Cﬁgﬁﬁﬁéﬁ%@@t-{é%'f)%giogﬁl di agnosi s, such as subluxation of the

patella. | s desir h a series of patello-fenoral projections
at various degrees of knee- flexion for further diagnostic information.

[0004] In addition, the manual Rolding of the filmcassette by the patient
is unstable, resulting in di st‘g?f]f%ﬂ'g‘ﬂf"‘i’&f&‘f'b"r"l}f‘%‘bti on i mage, which
inpairs the required information for diagnosis. And the patient's close

position t ds the,fiil 2SS 6 increases the overall radiation dose
recei ved, %@%" ng t h?{eagiog%ﬁl? ﬁjzoj%égg)flt%q{é? p??t_%lgo“{?ﬁ’tofaé ARt W@%ﬁ/@@@%g
PCT/ SG2008p10300388t0 ¢enBustrae pateio-fenerdlmpadioldgie, particularly in the evaluation of

patello-femoral disorders such as chondromalacia and recurrent subluxation. In commeon

medical practice, a patient's lower limb is supported by a conventional fixed angle
support, which provides a fixed knee-flexion of 30-40 degree between the long axis of
the tibia and the long axis of the femur. A horizontal X-ray beam is directed towards the
patello-fernoral joint space, while the patient manually holds a film cassette to capture the
penetrated X-ray beam.

[0003) FIG. 1 shows two types of conventional fixed angle supports, each having
a fixed supporting angle theta in a range of 30-40 degree. Although the 30-40 degree
knee-flexion is sufficient for demonstration of the patello-femoral joint space, it may not
be optimal for certain pathological diagnosis, such as subluxation of the patella, It is
desirable to obtain a series of patello-femoral projections at various degrees of knee-
flexion for further diagnostic information.

[0004] In addition, the manual holding of the film cassette by the pafient is
unstable, resulting in distortion of the projection image, which impairs the required
information for diagnosis. And the patient's close position towards the film cassette

increases the overall radiation dose received, posing threat to the health of the patient,



[ 0005] The present invention provides a |linb support with a broad range of
adjustability to support a linb at various angul ar positions. The |linb
support conprises a base franme di sposed on a supporting surface, a pivoted

structure iwWoagyol9kes t ed V-shape nounted on the base f (ﬁ% porting
the linb at various pivot angles, and adjustnent rn::ansIr or 2@@{"3@?ﬁong t he

pi vot angle of the pivoted structure, wherein the distance fromthe apex
of the pivoted structure to the supporting surface is maintained for

di fferent pivot angles. The pivoted structure conprises a first support
menber and a second support nenber, which are pivotally connected to each
other, forming the inverted \Suhmpry offhefoventdorsupport is used to support a
|l ower linmb in radi ographic projection of the patello-fenoral joint, the
relative position of the patello-fenoral joint wth respect to the
supporti nglP8%ff ace rigapmseny invieatingeprostides adimb ejyotti witk aabroadiringe of

knee- f | exi f.one I . 1S ured to the height of
t he radi oac ?W@?fr’%@&%@@ﬁt v%@%‘%ghgﬁégrrﬁ%g{lgrﬁéT%egfégktqu%)fmtoﬂlgp]il%@%nt i on,
there is pbavifided dspbiediorsugppotting winéace] mpitvbied astré inaeinhatdV-Shapbaped
structure, ' opgpri.ses..a horizontal portion in .contact w,th the
support i ngm\sg%‘lrd?&;é)g, {Egni&asgnfmé?ec%ffoﬁﬁpfﬂﬁméx&%r}a?ql?]gj‘t UBHBTEVOL ARENGPEi 0 t he
di stal endadyfstinére héans tfors afjpsding the phet angle 90 piRopiverd Bytuéthhe, Mbereimomt al
portion of ,.the asg fra whi | st the distal end of the second pport
nember is dﬁ%ﬁ%cﬁvtg’%ﬁ]ﬁgp Eﬁ‘ir%ﬁ]&e ?’P{%teé W%B%F%*%WPB‘PWP%@” 5’?2}‘%?%‘?‘? 0071
Accor di ng diffe@nppiver amdge The plvotddestiuones todptises RETE duppdt eiehbedam ki mb
support, V\éheer i n th][g ar e, por i.gn of the base fr(‘i\ma is part of a circle. The
circle hasPHE SERRY Jrempery mduch ae protalie oppastied do <orh ofhskeforgmecthei s of a
pr e- det er ninnetkddV-shapec &Vich bt tshishortSid RRET td mg) sMref RGRr lialdint AGiopARKiS bei ng
t he | engt h_of the%fstgcond s%g]?ort, nerrtger. [0 881 According to yet, another
aspect of RTRECHIN YD Satetlo-Hanqzalj jomb, the rdattye posifiomof diggststle-ferpgrakieint ¢ he
ad] ust mentwitle fdpect e sefFor@ngdbiifatd maiRiunsREkE! SurfR! MEHRAs khexnRLE
portion of the base frape, and a pin extended from the distal end of the
second supPSFTiexigr Apes: &6, RO Ripstleat iy requiver torthe heighyioh theyradipestiabl e t o
sit in anysffcel he sockets so as to adjust the pivot angle between the

first and second support mnenbers. WO 2009/ 096899 PCT/ SG2008/ 000038
[0006] According to one aspect of the invention, there is provided a limb support

wherein the base frame has a J-shaped structure, which comprises a horizontal portion in
contact with the supporting surface, and an arc portion extending upwards, and wherein
the distal end of the first support member is supported by the horizontal portion of the
base frame, whilst the distal end of the second support member is maneuverable along the
arc portion of the base frame.

[0007] According to another aspect of the invention, there is provided a limb
support, wherein the arc portion of the base frame is part of a circle. The circle has the
center at the apex of the pivoted structure, which is of a pre-determined distance from the
supporting surface; and the radius being the length of the second support member,

[0008] According to yet another aspect of the invention, there is provided a limb
support, wherein the adjustment means comprises a plurality of sockets carved on the arc
portion of the base frame, and a pin extended from the distal end of the second support
member, wherein the distal end of the pin is operable to sit in any of the sockets so as to

adjust the pivot angle between the first and second support members.



3 [0009] According to another aspect of the invention, there is provided a
limb support, wherein the adjustnent nmeans conprises a groove carved al ong
the are portion of the base frane, a pin extended fromthe distal end of
the second swpRedsgd®Nber, the pin having the distal eﬁgir/ ﬁ&%{ﬁ% and
restrained in the groove and operable to slide therein, c% an

ext endabl e/retractabl e structure di sposed and |i nki ng bet vveen t he base
frame and the second support mnenber; wherein the |ongitudinal |ength of the
extendabl e/retractabl e structure is adjustable, so as to adjust the pivot
angl e between the first and second support nenbers. In one enbodi nent, the
ext endabl elPP®] r act aBiceordipgrigamather ispectpeft thb limvetigone Xhee dy px@vrdad:'a limb a

t el escopic .Sk i |.n_anot her

ext ensi on/ ¥ @gc |e;§)err1:ﬁ ?lga ts%ﬁrk?l;e [c(%"fﬂ? YRt ?Vgl%%eggﬁsﬁﬁhefﬁ HPREP aspect

of the i nv@ﬁ1h¢ base fitaines epinsxpnded flexl tize dwtmﬁmd&ﬁﬂmamqndwbﬁfoeu tenttRe the

| ongi t udi n hs ..of t second ort.nme and the oriz taI
portion of %ggélé 'fhptﬁ'h% fhgp?fﬁfi &E?é‘%ﬁ'&‘ng%% t%o%vﬁpﬂ?gr‘fpef lde sbfe vari ous
I en%t hs. |mexgmelaﬁrhohdxtﬁmhble/rgg?idb%;gtd&ugdﬂiﬂpds%?ﬁd mﬁkﬁg Pbbﬁoé%dﬂiaybageel esc]?pi c
mechani snms,.__bui erein cor di to fuyrther an r aspect o

the i nventTBHe 4fhes Fesonst 5\[9}’%‘53 mem Ql?ef nﬁ"hﬁ%ﬁ‘pé}?"t gtﬁ“fhl‘i%‘r ﬁpP{aé&’s

det achabl eextligids/retiiigtle bhetirb ADacFHERBRY, bo bﬁioléﬁ_ﬁ)@t ﬂnEl pivoREHeROB

prolectlon of t ello-fenoral joint, the_hold |soerableto hol d t he
X- ray fil%¥% Qé?‘g’é‘ JURPOTH STEmbBE e AR W@d’ajéﬂfaéhﬁtﬂx@nﬁ@ﬂ%ﬁafé@#ﬁ)rl ses an
upri ght posdfuctuebas % &eRasEtRALY Qtenéa&pm%&hfaﬁ@%unﬁmeﬁ MShbiheal frame

pivotally attached to the ost for holding the X-ray filmcassette. [0012]
The obj ect§RR& an%FﬁH W@Hflﬁ edragiion is @ofrigehnt i nvention will become

apparent foee) t he fabdRahae %tﬁbﬂlﬁ%sp&wmemv@&l&ﬂ‘ iR Y VRAN S flmer eof in
connection wth the acconmpanyl nﬁédravm n%g]e Brief Descr| ptl on O
db

Drawi ngs [0208} “heasinrthe Jorgiidar a5gnd suppeet preadenend divent i on
) o B LTS e OV SRR Al 7 1
lengths. In one embodiment, the length adjustment is achaeved by telescopic mechanisms
built therein,
[0011} According to further another aspect of the invention, there is provided a
limb support, further comprises a detachable hoider. When the limb support is used in
radiographic projection of the patello-femoral joint, the holder is operable to hold the X-
ray film cassette. In one embodiment, the detachable holder comprises an upright post
detachably connected to the base frame, and a vertical frame pivotally attached to the
post for holding the X-ray film cassette.
[0012) The objectives and advantages of the present invention will become
apparent from the following detailed description of embodiments thereof in connection

with the accompanying drawings.
Brief Description of the Drawings
[0013] Preferred embodiments according to the present invention will now be

described with reference to the Figures accompanied herein, in which like reference

numerals denote like elements.



WO 2009/ 096899 PCT/ SG2008/ 000038 4 10014] FIG 1 shows two conventi onal
fi xed angl e supports for the radi ographic patello-fenoral projection.
10016] FIG 2 shows a perspective view of a variable angle |inb support

device in WeGAhAa@EL W th one enbodi nent of the presenj. ion. [0016]
FIG 3A shows a side view of the device in FIG 2, ill l?gﬁs%@ﬁ/gdo?ﬁe

relative notion of the second support nenber during angul ar adj ustnment of
the device, whilst FIG 3B shows an enl arged view of the adjustnment neans
in accordance one enbodi ment of the pfesent invention. [0017] FIG 4A
shows a perspective view of a variable angle linb supporting device with
not ori zed adj ust mnent neans in accordance w th another enbodi nent of the

present i i on; ows_an expl.aded vi.ew of the tqrize

adj ust rreng'\’{&rrg ns; gin%e %?‘%“%}8%% veg%o@%%%e@%e SYRRRES gqr lg%@%lﬁ’g{ﬁp Wi th

t he ext endaizlleffereémibpbmbio. structure at the nost retracted and extended
posi tions ectiv .~ 0018] Fl Gs. 5A and 5B show side vie of a

Vari abl e AP |inb‘e‘§<ﬁ&p%lﬂ"sa ety B ol eI el B8 supoT e iesriang

| engt h, | mcasdmiceaith ensbmbodi@bntadf Glehpdse@mdegigent of the present
invention; FIG 5C g&c{ %Otel escopi c Ff;lr ucture of the base frane shown in
FIG. GSAUHE 5B | % s agpdeginel e devissisdi Pve instatieg the refativeabl e
angl e | i minciepnsTthe 8Q4hE Quppottl Medbs Wun B ARk Bar R thher Bf ILQMRNGHIM Lh a
further eﬁédﬁmnt of the egresent i nvention, vvf]n st FIG 6B shgws t he

devi ce i nTlSe3® howsiin epligred yiepaf the paingmers-mesns inaccordeicn png erabasimens n

Det ai | ed DeglprébAtGivedfiod he | nvention [0020] The present invention nmay be
understood nore readily by reference to the follow ng detailed description
of certai M%Abodi neklQ b shpws jarResspestiyn. viewo wbaevariable angle|limth supportieg st ood by

those ski ldefie buith ritlori Rl SURRneR! nckfiTh abFIRELRAR b SR ALMPY: S
practised w thout these specific detalils. [n other instances, we | mown
met hods, Pp@eRtdanenden; FiEd4R shpyeneneploded sieworf themntodest adjlseoent medet ai | so
as not 10,9594l 8CtA 4D show side views of the device with the extendable/retractable

structure at the most retracted and extended positions respectively.

[0048] FIGs. 5A and 5B show side views of a variable angle limb support device

for supporting limbs of different length, in accordance with yet another embodiment of the

present invention; FIG. 5C shows a telescopic structure of the base frame shown in FIGs.

SA and 5B.

[0018] FIG. 6A shows a perspective view of a variable angle limb support device

with a detachable holder in accordance with a further embodiment of the present

invention, whilst FIG. 6B shows the device in use for the radiographic patelio-femoral

joint projection,

Detailed Description of the Invention

[0020] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention, However, it will
be understood by those skilled in the relevant art that the present invention may be
practised without these specific details. In other instances, well-known methods,
procedures, and components have not been described in detail so as not to obscure the
present invention.

[0021] FIG. 2 shows a perspective view of a variable angle limb supporting device

in accordance with one embodiment of the present invention. The device 100



present invention. [0021] FIG 2 shows a perspective view of a variable
angle linb supporting device in accordance with one enbodi nent of the
present invention. The device 100 WD 2009/ 096899 PCT/ SG2008/ 000038 5

conprises awbas®/bisae 110 di sposed on a supporting surf 2 ?Eouu?s“
i nverted V-shaped pivoted structure 120 nounted on the base frame 110 for

supporting the linb in various angular positions, and adjustnent nmeans 130
for adjusting the pivot angle formed by the pivoted structure 120. [0022]
FIG 3A shows a side view of the device 100 in FIG 2. The base franme 110
conprises a vertical supporting structure 111, and a J-shaped structure
112. The Jomypisgscrdbase fawme di@ disposch an aguppnriiomutfate 106) 44 mmerfed 3 -cheppdsed on

t he pl . ' f h in FI d
D P el UEPSRARO ARG B kRl U S s LB AR 1 106
and str et cluignigr pgsitemel sind Rfjestinouememnd 30 fdradinftinghie piver dnglkabrmssdipahs i ng

structure | s.connected perpendicularly to a second end 113b of the
hori zont alpji%%l?(%&buﬁ%ielg%'[oom] I n one enbodi nent of the base frame 110, the

vertical <0gRaprti nngca.'ramnum a didd view éfabd angdee1 09Ma Fed. 2.I"1ﬁleaar§|53ﬂﬁﬁe
a handl e 115

enbodi nent,, .t he vertical, supporting structure 111 ha
attached {10 RIPHST AT HEPPTECRECHA e T TaRed Spichfo L e The -
enbodi mentshagdhabment B hay PH6RERER postidet Bemdhdett 8h It ?1@5@% digy t he

hori zont al rtjon 113 for _securing a stable support of the device 100 on
t he supporsf‘&%éf ]'sﬁgr(P%\ owpen Fi@odiy ang pn projnertion, §1fgxicpdipg Gomgnfirst prd pi vot ed

structure 1128 oh@f RorizbitSlt posidP LI and RERBIg kv ARITR: RSLPRM FURRRthe MENMDET
122 pivotal connected to each other, formng the inverte -shape and

I
def i ni ng a"eﬁilceloiupaﬂap% sipyrstrg 1drppcqimested peprpdicningy d atsprond epd di3ksabpor t
menber 12%hd BorRbialRifioh @@nnected with the upper end 111b of the vertical
supporting structure 111, whilst the distal end 122a of the second support
nenber 128°q2§3 nmanethvr shbedigieatef thhbase framp 14, itk vertical sypparties fmstrd r ame

110. The ngl &feMBnghOSiapé®f Qlothek Eﬁb%i&%ﬁ% el éi%ﬁ%@gp%%tﬁlg@ga&&%qaijh Uppor t

menber 122 to the arc portion 114 is contro . ] ustiment” means
130, t her ébhangla dif sttaphedt fre croyiinge and merdnpithotdeviog 1901 Metygt another

embodiment, a horizontal crosspiece is perpendicularly attached to the horizontal portion
113 for securing a stable support of the device 100 on the supporting surface 106.

[0024] Still referring to FIG. 3A, the pivoted structure 120 has a first support
member 121 and a second support member 122 pivotally connected to each other,
forming the inverted V-shape and defining 2 pivot angle theta. The distal end 121a of the
first support member 121 is pivotally connected with the upper end 111b of the vertical
supporting structure 111, whilst the distal end 122a of the second support member 122 is
maneuverable along the arc portion 114 of the base frame 110. The relative position of
the distal end 122a of the second support member 122 to the arc portion 114 is controlled
by the adjustment means 130, thereby determining the degree of the pivot angle theta
formed by the pivoted structure 120.

[0025] In one embodiment of the pivoted structure, each support member 121 or
122 comprises a pivot arm, at least one bar attached to the pivot arm for defining a planar
surface, and a cushion disposed on the planar surface for supporting the limb.

[0026] FIG. 3B shows an enlarged view of the adjustment means 130 for
adjusting the pivot angle theta formed by the pivoted structure 120 in accordance with

one embodiment of the present invention. The adjustment means 130 comprises a pin 131



formed by the pivoted structure 120. [0025] In one enbodi nent of the
pi voted structure, each support nenber 121 or 122 conprises a pivot arm
at | east one bar attached to the pivot armfor defining a planar surface,

and a cushiwg 6tbaResed on the planar surface for supporilirRgadeioohds -
[0026] FIG 3B shows an enlarged view of the adjustnment nmeans 130 for

adj usting the pivot angle theta forned by the pivoted structure 120 in
accordance with one enbodi nent of the present invention. The adjustnent
means 130 conprises a pin 131 WD 2009/ 096899 PCT/ S&008/ 000038 6 extending

fromthe distal end 122a of the second support nenmber 122, and a plurality
of socketestendng Famvibeldistebeng ¥2Re of theesecond sppor nufmtich 223 aed pphutalignof114 of
t he base f T MopP [ | S, .t iR any of
t he socketséé:'kggzl,%%ia gv?%%%n%&%ilﬁg%tgc%ecfg O?F%%%%#%Iggﬁgptﬁ%g%gc et 1;11%1 nt is
secur ed, {(The tipadithd pin 181 it hyergiles ot Sdinshy wf therseckels2B32oto fohe a gasekér ane 110

is | ocked, .and the pivat,angl.e the is fixed., The |lpcatio t he sockets
150 o ong 7R bt pispfli RIS bR ng Bostdet S e Bir DR 120 oBAE Tonge of
t he pivot bagnfpdnge 1106k docked] ahl eheasljvotaingle|teetandidear Therlbetivalof tHe@O&ké)s | n one
enbodi nmen f,the pin, the pin 1is _T-s ed, havi a first .portion
onact e AR gl o el bt i ch 186 bisd ding 1B teing B et o the g Wonbor 122
and a seeggldipardt ar stplhbrenpaadnelaar thereto and operable to fit in the
| i near sockets 132._ |n another enbodipent, the_ pin 131 is rod-shaped with

| ) R
a round t 199%fli t ti ngt™ 9Pet FePOGHRGRt of b Ry dherid 131 9p Jsphangshipdre iy back to

FIG 3A bbeichaBat iniRe FEHH 186 1R kithd)al Rki¥ O 8 secvhil ggﬁﬁg%&pmwidl ed by
the adjustnent neans 130 is i|lustrated. Wien the distal end_  122a of the

second sufFetond Restge A3 hipperpendinylae dherginaicieperakls 1o s upihn limepr speketsdéked i n

the sockefn i3Ahé|@fBRintcdt, tREpMPIBATis $lsHabed Hith 8/ 8uROh) ERMgld dhedpoikihe base
frame 110, the Ivot angle theta is decreased. And the are portion 114 of
the base F%RE 1340 and the adj ust rent nmeans 130 are so configured that

duri ng adigsghyrent . Qe Srhanesal IOMENSA WEXIAlve BBIB ¥RURE pikfddct ure 120
to the supporti ng surface 106 (not shown in FIG 3A) Is nainfained.

structure 120 controlled by the adjustment means 130 is illustrated. When the distal end
122a of the second support member 122 is moved upwards and the pin 131 is locked in
the socket 132 closer to the upper end of the arc portion 114 of the base frame 110, the
pivot angle theta is decreased. And the arc portion 114 of the base frame 110 and the
adjustment means 130 are so configured that during adjustment, the distance from the
apex of the pivoted structure 120 to the supporting surface 106 (not shown in FIG. 3A) is
maintained.

[0029] In one embodiment, the arch portion 114 is configured as part of a circle,
The circle has the center at the apex of the pivoted structure, which is of a pre-determined
distance from the supporting surface 106; and the radius being the longitudinal length of
the second support member 122 plus that of the pin 131.

[0030] FIG. 4A shows a perspective view of a variable angle limb supporting
device with motorized adjustment means in accordance with another embodiment of the
present invention. The device 200 has a similar configuration with the early embodiment
100 shown in FIG. 3, except for the adjustment means. The motorized adjustment means
230 comprises a groove 232 carved along the inner surface of the arc portion 214, a pin
231 extending from the distal end 222a of the second support member 222, the tip of
which is disposed and operable to slide in the groove 232, an extendable/retractable



[0029] In one enbodinent, the arch portion 114 is configured as part of a
circle. The circle has the center at the apex of the pivoted structure,
which is of a pre-determ ned distance fromthe supporting surface 106; and
t he radi us W¥eia@obdasy | ongi tudinal length of the secon nber 122
plus that of the pin 131. [0030] FIG 4A shows a persp%ﬂ\%&%{o(ggﬁof a
variable angle linb supporting device with notorized adjustnent neans in
accordance with another enbodi nent of 4he present invention. The device
200 has a simlar configuration with the early enbodi nent 100 shown in
FIG 3, except for the adjustnent neans. The notorized adjustnent neans
230 conpr isgedgua 254 dﬁv&eﬂi&ﬁtv@am t&edloailzomg nott'emm&ef the taseaitaneol10tdne teer e

portion 214 in 231 m.t h end 222a of e second
Bopport il Bipfort gt SEE" B0 polROibe Go 58ERY SRopE 380G F 1 e 1
the gr oovemﬁ&&atianmﬁ‘mmwaﬁrleém it hari el @om& 200061 mSB%Q‘raB@'QIIBCﬁﬂQB/ 000038

7 structure 234 dis bet ween, t he, horj zont ti of th base
{1 ame. 910 AHITEARETC AT R CCIRBE e MaBeiios o0t ast Kot lafbiyot izt eang
support mewhenre232, a notorization unit 233 secured to the horizontal

portion 213 of the pase franme 210, co ng means, 235 for coupling
t he not or i!%%#} on un? ﬁ@glﬂtlﬁjﬂ{t%éme%@gﬂﬁfgﬁﬁé/# er‘HgtP’éEB‘Pdea dJustment PgpRs 234,

[0031] FI @G304Bowh liHStiGates aie exoldsRAetHea¥e Oftrubie I3 efdwed aardiest ment
nmeans 230 shown in FIG 4A. The extendabl e/retractable structure 234

i ncl udes &OKBNE Y0 aolGuLdRti 336 aperably to exdengk theroingThearusipe 237 basca Hshend her ei n.
The housi na723%h Basmally bdrddd @REds Z5F62an az J%cdn'&teﬁﬁ eyl yween;v gshnkBiE@Rds 237c,

and a second end 237b ‘pivotally connect ed he second support nenber

222. The WO@@@W@W@? B}?oﬁhefﬁe?éﬁm eﬁxsyer@&%eé?tedy comegledigl der 239

via a beani gi£38s vangd b@arﬁ%cﬁ%daﬁf‘g 5308 M hf\sbemﬁreszeknal r&Rd9363RC 1O
engage wi th the internal reads 237c of the housi n%phle . The holder 239 is
1y

pi vot al | y engagatitdthe Antersel thesady a1l e hondne 2873 Toe B¥sis mivodehy 210 The
motori zat i WAk ﬂ?@iﬁ)mzﬁﬂ%drﬁ% B BWUEhase RdRe ?%tm@Mﬁa{ ol 't 2450

notor 233b (not shown in FI'G 4D) electronica connected to t%e power
and a contpobtisss a28%er 233at(nethdoanniim FEF.GDAD) mpter 23B oot shovinrig AlGedBpeed and

rotation QikfGhiAY BhncblE Bl HBowel WaSOMRILIY 235ERSt &R%un' i FG.4D) for

controlling the speed and rotation direction of the motor. The coupling means 235 is a

pair of bevel gears. The first bevel gear 235a is mechanically connected to the motor
233h, whist the second gear 235b is coupled with the shaft 236,

[0032} In operation, when the power 233a is switched on and the controller 233¢
is actuated, the motor 233b drives the rotation of the shaft 236 through the coupled bevel
gears 235. The interaction between the shaft 236 and the housing 237 via the engaging
threads causes the housing 237 to move along the longitudinal axis of the shaft 236, and
to push or pull the second support member 222 supported thereon, with the pin 231
sliding up or down along the groove 232. In this way, the position of the pivoted structure
220 and the pivot angle theta is adjusted as desired. FIG. 4C and 4D illustrate side views
of the device 200 with the extendable/retractable structure 234 at the most retracted and
extended positions respectively.

[0033} In one embodiment of the controlier, the controlier 233¢ is a fuzzy control
system. In anotber embodiment, the controller 233¢ is an analogue control system. In yet

another embodiment, the controller 233¢ is a digital control system.



pair of bevel gears. The first bevel gear 235a is nmechanically connected to
the notor 233b, whist the second gear 235b is coupled with the shaft 236.
[ 0032] In operation, when the power 233a is switched on and the controller

233c is acmb@ﬂ)%sbhe not or 233b drives the rotation qfcﬁs*&ﬁoo%fﬁﬁfoﬁs 236
t hrough the coupl ed bevel gears 235. The interaction between the shaft 236

and the housing 237 via the engaging threads causes the housing 237 to
move al ong the |ongitudinal axis of thg shaft 236, and to push or pull the
second support nenber 222 supported thereon, with the pin 231 sliding up
or down along the groove 232. In this way, the position of the pivoted
structure 008D and Thenpembeditemgl o thd etupling raasy Steempuplingdesins 835 iF4 G 4C
and 4D iII ﬁﬁg&g side views of the device 200 with the

ext endabl ef'r Ctabl e structure 234 at the nost retracted and extended
positions mwgmectlvéhyme[@ﬂﬁﬁ$m®n afh ¢hee dbAc, nbatdesice t 308 bamtheokinglar t he

cont r ol | orc 83y eoetlf SRR S0 L gt D fier SRR Shiboa ment

the contr gliveed fddaird 3200 hdivgver alvhiel i hedualy pévedied. \Wha2Q1R94 @880 the

PCT/ SG2008/ 0 00341 In ope enbodl ment of the coupling neans, the
coupl i ng ns@ﬁggég’ﬁn{ ually qivFag BetafBtionno3s] I n one enbodi ment of the device,

the devi cqo@@p has fhanctheNiehdbdinRyt eNdabbaéd, el fdnadtestiilctidicnb@atidd as
shown in FI% 4B for angul ar \%é#ustrrent of .the pi voted structure 320,
however , vl ch 2 IFRAG AFMGRISo st Sxdendmefistimsties mgveent of iy ioked ghat 1 336
for nanualllebéagéalbyq@gmgm@aﬁptatlon [ 0036] In another enbodi nent of the
devi ce, the extendabl e structure/retractable 234 is g tel escopic

structure, 09t ext eRHF-nyY 7k 3B 819ng viRRblsrangle lisb guppeth dpvdcq Bereadasee
rel eased by 9akaneg1eﬂeﬁe§qufe{ac0§f7ﬂhe Fir&zentSiiv@itien oo BNEeAs00ahdsaP kighignal e | i mb

support device in accordance et anot her enbodi nent of the present
pp ] %

i nvent i on.comigratiog whshe Wﬁl@rae et 108opemguinafl@n3mexdent aat dbg | i er
enbodi n‘entloﬂﬁﬂdﬁm\éﬁh‘tﬁs‘%ﬂ%m@m F %ﬁb@sz&@ﬁ tHeHRBLA I g@ﬁionlsgﬁlgﬁhs of

t he second support nenber ori zont portion 513 of e base
frame 510 the basafjams 540 ke agiustablel by huilt-inctelssaopisistrueiies 840 se gs B4@lapigbe as to

adapt the geyice 500 to limbs of different lengths. Due to the similar structure, only the telescopic
structure 540 built in the horizontal portion 513 of the base frame 510 is described below
in detail.
[0038] FIG. 5C shows an enlarged view of the telescopic structure 540 built in the
horizontal portion 513 of the base frame 510 as illustrated in FIG. 5B. The telescopic
structure 540 has a receiving member 541, and an extending member 542 positioned and
operable to slide therein. The extending member 542 has a plurality of lock apertures 543
along the longitudinal axis, each of which can be aligned with a lock aperture 544 (not
shown in FIG. 5C) in the receiving member 541. A locking pin 545 is operable to be
inserted through the pair of aligned lock apertures so as to fix the relative position of the
_receiving member 541 and extending member 542, thereby defining the longitudinal
length of the horizontal portion 513.
{0039} The telescopic structures 540 of the device 500 are so configured that the
length of the second support member 522 and the horizontal portion 513 of the base
frame 510 can be adjusted proportionally. As a result, the distance H from the apex of the
pivot structure 520 to the supporting surface 506 is maintained throughout adjustment.



device 500 to linbs of different Iengths. Due to the simlar structure,
only the telescopic structure 540 built in the horizontal portion 513 of
the base frame 510 is described below in detail. [0038] FIG 5C shows an
enl arged Vviwwy6doobdasy t el escopi c structure 540 built in&t&% 2&% ofant al
portion 513 of the base franme 510 as illustrated in Fl g he tel escopic
structure 540 has a receiving nenber 541, and an extendi ng nenber 542
positioned and operable to slide thergin. The extending menber 542 has a
plurality of | ock apertures 543 along the |ongitudinal axis, each of which
can be aligned with a | ock aperture 544 (not shown in FIG 5C) in the
recei vi ng iendperndbin. shmlsiﬁchiiewgs q.fthe M&ei\sit}o’qhertdtﬁlc@it siripeuresi Wdert thed t hr ough
the pair q to fix the relative position of

t he receln\xﬂsﬁrgeh%cge and Eaf np i Se’iff(s,ﬁeﬁé %nber 542, thereby defining the

| ongi t udi 403 | engt]m ofic éﬂnbodmemtzcmthaldepmetﬂﬁo,ntlrﬁltﬂlesc{oﬁi(aﬁ]uctihesubiwscopi c
structures 540 theog Vi 00 ,are sqQ confi gur.ed at the length of the
second supPBIVediofigane §1§ "R EPEE590S SPRPQTE BT 3 513 of the base frame
510 ca]p bﬁooadn ust edri. @Roshbwaggbﬂsyecuﬁﬁwawroﬁauhﬁiabld:h@led%rﬁﬁ gupg%*n kevigeom t he
apex of the ot structure 0 the_supporti urface IS

mai nt ai ned® @ﬁ‘r%é‘i%é‘f‘f’oﬁ‘[‘ o frers Oéwtz%g}ed@%@bm%@f BCOOOBFEOMDEE 9 FIG

SA and 5B cabedkehidR0vWhews 19 FI¢.e ndevie 600 ke Eorblsese athchalié hoigéur es 540
at the nost retracted and extended positions respectively. [00407 In one

embodi ment3%Thetheldee3tiassgmst ¢5le anafa 8 srrnesied i thaastsud 4 Eameeid oyed t o
connect t kgyidkiad 553’&16%9}2%@@ ?ﬁ@?&@6§1UEH%Ehaﬂ@qi?&fnte@?a@the[sﬁi@%ﬁhe%@icalGA shows

a perspectl ve view of a variab ort device in accordance

with a fustneringsyeiiseetid. dpe Qfﬁbf‘%rléﬁé‘ﬁ@blﬁ FR/I@H?ti "@ﬂm trppsh pEddgn e
embodi ment;o1PGheSizanA &@h{%@t 651, TG RVE526s 8PR ob e @Eot&@&"@l@hﬁ afdl

det achabl e hol der e hol der 650 has a post 651, an arm 653 connected
to the po@tom@ﬁ@@eﬁmﬁ@ﬂgzlmkﬂrﬁﬁérted by the arm 653. The post 651 is
det achabl ¥ gpunt ed @i %ﬁ%h&k@&gé}& defife M&J&Bfﬁl@'devl S‘I@%ﬁ?% hure 611
The arm 653 I's operabeto pi vot aout t he post nove ongthe
| engt h of it hee jposhe BBibgraphie Hfmaﬁem&ﬁ'@ateﬁmfm(aﬁgﬂndeﬁhee@pﬁb1eat@a dashape and

patient 601 is placed on the first support member 621, and the lower leg 603 on the

second support member 622, wherein the knee cap 604 is supported on the apex of the
pivoted structure 620. The pivot angle theta corresponds to the knee flexion. An X-ray
film cassette 605 is disposed in the frame 652. The position of the film cassette 605 can
be adjusted by pivoting the arm about 653 and/or by raising or lowering the arm along the
post 651. The patient 601 can comfortably lic back and away from the X-ray film cassette
605 during projection process, to minimize the exposure to the X-ray.

[0043] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered {0 be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is sported by the foregoing description.



mounted to the arm 653 via a |inker 654, [00421 FIG 6B shows a perspective
view of the device 600 in FIG 6A when it is in use for the radiographic
projection of patello-fenoral joint. The upper leg 602 of a patient 601 is
pl aced on tiye 2biofosdsosupport nenber 621, and the | ower | e
second support nenber 622, wherein the knee cap 604 is I‘s?%{)sgyggbts@gboséﬂ t he
apex of the pivoted structure 620. The pivot angle theta corresponds to
the knee flexion. An X-ray film cassetige 605 is disposed in the frame 652.
The position of the filmcassette 605 can be adjusted by pivoting the arm
about 653 and/or by raising or |lowering the armalong the post 651. The
patient 601 can confortably |ie back @®M&saway fromthe X-ray filmcassette
605 during projection process, to mnimze the exposure to the X-ray.
[00431 Wiile the present invention has been described with reference to
particul ar I enbédi Aeies for supgortingbe limkldn stavioes whgiart pesitiondothiendsvice ar e
iITustratiyg aqehot hat the invention scope is not so limted. Aternative
enbodi ments of the present invention will becone apparent to those having
ordi nary skill 4baes¢fremgdisppssdwhiactppottmgpnd®ent i nvention pertains. Such

al ternate enbod] i der t0/0e_enco sed wthin the spirit
and scope of tﬂ%rigg‘yryéeziegt%‘?ﬁn%ggﬁtalgolﬁsgw&gfsé%egW@éaeons%p@s%&raﬂ?efoﬁresent

i nventi on jupportiag theilbelatbprivisehap pegicethe plvatedstradtoreihavisgor t ed by t he

f oregoi ng descripti %rhrsy\lg é%pr%/ OE?6_89 PCT/ SG2008/ 000038 10 Clainms 1. An
device for supporting a 1tab IR Vari®Sus angul ar positions, the device
conprising: a base fasemddugposedninn pivosllppordetted SHE figt Qippart Riendeed
structure jn an inverted V-shape nounted on the base frane for supporting
the linb at " various pivot angles, the pivoted structure having: a first
support menber ;adastinent seondorsadipting the pher aRily dkaleky teOnReGh&dedoadt he
first support nber; and . adjustnent nmeans for adjusting the pivot angle
bet ween thsé‘PP?ng’Fmgﬁ"& second

wherein the distance from the apex of the pivoted structure to the supporting

surface is maintained for different pivot angles.

2. The device according to claim 1, wherein the base frame having a J-shaped
structure, which comprises a horizontal portion in contact with the supporting surface,
and an arc portion extending upwards; and |

wherein the distal end of the first support member is supported by the horizontal
portion of the base frame, whilst the distal end of the second support member is

maneuverable along the arc portion of the base frame.

3. The device according to claim 2, wherein the ach portion is part of a circle, the

circle having

the center at the apex of the pivoted structure, which is of a pre-determined
distance from the supporting surface; and

the radius being the longitudinal length of the second support member.

4. The device according to claim 1, wherein the base frame further comprises a

vertical supporting structure having a lower end fixed to the horizontal portion of the base



support nenbers; wherein the distance fromthe apex of the pivoted
structure to the supporting surface is nmaintained for different pivot
angles. 2. The device according to claim1l1, wherein the base frame having a
J-shaped sibugdorsbdgee Whi ch conpri ses a hori zontal porthgﬂﬁk%mﬁgaﬁgpt W th
the supporting surface, and an are portion extendi ng upwards; and wherein
the distal end of the first support nenber is supported by the horizontal
portion of the base frame, whilst thedistal end of the second support
menber is maneuverable along the are portion of the base frane. 3. The
devi ce according to claim?2, wherein the ach portion is part of a circle,
the circlicathraanden tpger eadtewhish thehdistadpast obfhetiirg oppoot membdrispivote®y  whi ch
is of a prc%hﬁl%kﬁrm ned distance fromthe supporting surface; and the
radi us being i e longitudinal length of the second support nmenber. 4. The
device according to claim1, wherein the base frame further conprises a
vertical supporting structyre haying. a Jower end fixed tqQ the hori,zontal
portion of5L'Jt he%ﬁégv\ﬁbaf%%%g&mg%ﬁ%@@d@ BBHEHSUPROFURE S Y an
upper end re@amiacbhdpb® di stal end of the first support menber is pivotally
connected. 5. The device according to claim2, wherein the vertical
supporting structure is rectangul ar-shaped. 6. The device according to

claim 1, wher eiThe i&8chasrdfnpatelait iRFei Wbl TRIncHurth® d8kpriRD S 164:0SSPi ece
attached to the horizontal portion for stabilizing the con?act bet ween t he

base framn&REPsTRiRee SHAPGH P iy hogizeniggortion fvhéta‘aﬂé#g% theontaeichempeendhel ai m 1,

wher ei n eagk S4RPAhORIPRSHinEutdde pivoted structure conprises: a pivot
arm at |east one bar attachéd to the pivot armfor defining a planar

surface; and

7. The device according to claim 1, wherein each support member of the pivoted
structure comprises:
a pivot arm;

at least one bar attached to the pivot arm for defining a planar surface; and

a cushion disposed on the planar surface for supporting the limb.

8. The device according to claim 1, wherein the adjustment means comprises:
a plurality of sockets carved on the arc portion of the base frame; and
a pin extended from the distal end of the second support member;
wherein the distal end of the pin is operable to sit in any of the sockets so as to

adjust the pivot angle between the first and second support members.

9. The device according to claim 7, wherein the pin is T-shaped

10.  The device according to claim 7, wherein the pin is rod-shaped.

11, The device according to claim 1, wherein the adjustment means comprises:
a groove carved along the arc portion of the base frame;

a pin extended from the distal end of the second support member, the pin having

the distal end disposed and restrained in the groove and operable to slide therein; and



a cushion disposed on the planar surface for supporting the linb. 8. The
devi ce according to claim1l, wherein the adjustnent nmeans conprises. a
plurality of sockets carved on the arc portion of the base frane; and a pin

ext ended from fobwoghsst al end of the second support nenbgsysdMa&i@gds t he
distal end of the pin is operable to sit in any of the sockets so as to

adj ust the pivot angle between the first and second support nenbers. 9. The
devi ce according to claim?7, wherein the pin is T-shaped 10. The device
according to claim7, wherein the pin is rod-shaped. 11. The device
according to claim1, wherein the adjustnment neans conprises: a groove
carved al ong t lae exteodabde/teiraviatdd struvturb dispoded ane Jinking betwestt B dest fraroem t he

di st al enctmgtthetga onﬁ%ﬁ@@n‘i‘txﬁ&ﬁﬁ&” menber, the pin having the distal end
In ’

di sposed and restrain e groove and operable to slide therein; and WO
2009/ 096899 PCHheEn0Bs 0DDgBAIinal 2leagth exf ahd abitentatde/rerattaid estwtiurectiur e

di sposed and | inking bet. n the base fra .and the second support nenber;
wheroi nt HEE{R T AU AR aret Rt B dabrd PErP Siman iR e re s
adj ustabl e, so as to adjust the pivot angle between the first and second
support nenber 12. The device. according.to claim11, erein the

oxt endabl Pt ot THE BB COITE PR Wi e Sl SERES I ol 1 y
connect ed 4 first el Hsscbadaidpiveellst é@ne@id ichfie Bassntdl poition anthetbas: fagoNd
support ne respecti vel 13. The device according to claim1l, wherein

er :
the extend2Bihs/s é‘HIPpé’B"IIBg‘E]P‘?H??P‘EFF‘@BIVS operable to extend/retract by a
tel escopi ¢ nechanismbuilt therein. 14. The apparatus of claim 13, wherein
t he extendabl e/retractabl e structure i ses: a_ hol |l ow housi ng havi ng

_ conpr
i nternal tir eadd JaVEP arceriipg tockaardi Wherer the PHENBBIFrSCRBIESTAYEAY havi ng
exter nal - dy@8So EAEnd/REABY AG:14sBGbié BloBARkn Sl 4, L er eof | wherei n

0

rotation either the shaft or the housing is operable to cause

14, The apparatus of claim 13, wherein the extendable/retractable structure
comprises:

a hollow housing having internal threads; and

a shaft extending into the hollow housing and having external threads for
engaging the internal threads thereof;

wherein rotation of either the shaft or the housing is operable to cause
longitudinal movement of the shaft within the housing, so as to adjust the longitudinal
length of the extendable/retractable structure.

15.  The device according to claims 14, wherein the extendable/retractable structure
further comprises:

a motorization unit for driving the rotation of either the shaft or the housing; and

a coupling means for transferring rotary motion generated by the motorization

unit fo either the shaft or the housing;

16.  The device according to claim 15, wherein the motorization unit comprises:
a power;
a motor electronically connected with the power; and

a controller for controlling speed and rotation direction of the motor.



| ongi tudi nal novenment of the shaft within the housing, so as to adjust the
| ongitudinal Iength of the extendable/retractable structure. 15. The
device according to clains 14, wherein the extendabl e/retractable structure

further conpbi.Rmossde NOtOrization unit for driving the gqiabl@R.pis € t her
the shaft or the housing; and a coupling neans for transferring rotary

notion generated by the notorization wunit to either the shaft or the

housi ng; 16. The device according to cliagi m 15, wherein the notorization
unit conprises: a power; a notor electronically connected with the power;
and a controller for controlling speed and rotation direction of the notor.
WO 2009/ 096899 PCT/ SG008/ 000038 13 I T The device according to cl aim 16,

wherein_tha7eonteldesice iabodtdbhl 8 Yo A001 6 hherh She Broder 1 f‘é,%,is%cogﬁgfcor di ng

to claim 16, wherein the contro r is’ an anal ogue contro 19. The

devi ce accd ™™g to claim 16, wherein the controller is a digital control
system 20. The device according to claim15, wherein the coupling neans is
a set of bevel ears. 21. The device according to claim 15, wherein the
coupl i ng md&ns B¢ dpvien esarding @2)aifhs, dbwienetha canrolleng ahcanalﬁ%ueomtrgf cl ai s
8-21, wheregidp 4 he longitudinal Iength of the pin is adjustable by a

t el escopi c nechanismbuilt therein. 23. The device according to any one of
the preceding clains, wherein the longitudinal |engths of the second

support nerper he horizontal. portion of the base franme are adjustable
by tel escoglp (e rrggﬁg%‘l’lgerr%c {J(Iﬁ?% ¢ ﬁ@‘&‘éilﬁz wogrems the ortiolse rie & dighad optelar i ous

| engt hs. 24&stehhe devi ce according to claim22 or 23, wherein the tel escopic
mechani sm

20.  The device according to claim 15, wherein the coupling means is a set of bevel

gears.
21, The device according to claim 15, wherein the coupling means is worm gears.

22.  The device according to any one of claims 8-21, wherein the longitudinal length

of the pin is adjustable by a telescopic mechanism built therein.

23.  The device according to any one of the preceding claims, wherein the longitudinal
lengths of the second support member and the horizontal portion of the base frame are

adjustable by telescopic mechanisms built therein, so as to support limbs of various
lengths.

24.  The device according to claim 22 or 23, wherein the telescopic mechanism
comprises:

a receiving member having a lock aperture;

an extending member slidably positioned in the receiving member, and having a
plurality of lock apertures along the longitudinal axis alignable with the lock aperture in
the receiving member; and

a locking pin operable to be inserted through a pair of the aligned lock apertures

50 as 1o lock relative movement of extending member to the receiving member,



conprises: a receiving nenber having a | ock aperture; an extendi ng nenber
slidably positioned in the receiving nenber, and having a plurality of

| ock apertures along the longitudinal axis alignable with the | ock aperture
in the recgigugesmeber; and a | ocking pin operable to,hedpsahdsd through
a pair of the aligned | ock apertures so as to |lock relative novenent of
extendi ng nenber to the receiving nenber. WO 2009/ 096899 PCT/ SG2008/ 000038
14 25. The device according to any of tihe preceding clains, which further
conprises a detachabl e holder. 26. The device according to claim 25,
wherein the detachabl e hol der conprises: a post detachably connected to
the base franme; and a vertical frame pivotally attached to the post. 27.
The devi ce gccorgl el al r el verti.cal frape.is operable to be
moved al ong, or gglfgg}”g% Q(%cgi dt%%etol oﬁé)ﬁﬂt}oér na mgxcﬁaémf?qulﬂqe ConpgstSthe

devi ce accdicttrhglaholddrai m 26 or 27, wherein the vertical frane is operable
to hold a X-ray fil mcassette.

26.  The device according to claim 25, wherein the detachable holder comprises:
a post detachably connected to the base frame; and
a vertical frame pivotally attached to the post.

27.  The device according claim 26, wherein the vertical frame is operable to be

moved along or parallel to the longitudinal axis of the post.

28.  The device according fo claim 26 or 27, wherein the vertical fiame is operable to
hold a X-ray film cassette.



