;e3e2,,-/"8"26X2T2" 22 DEC 2004 HOSPI TAL BED HAVI NG A ROTATI ONAL THERAPY
DEVI CE Background of the |Invention The disclosures of U S. Patent

Appl i cati o mmmlﬁ“mmmow 018,542, filed February 4, 199822emgt bhS. Patent
No. 5, 715, sly incorporated herein by reference. TRE present
invention rel atesi®o a bed, and particularly to patient-care beds. Mre
particularly, the present invention relates to a chair bed that can be

CTocping. cur | acHOpEN Mot BN INCERHGTRORMPERER O PRI © 2. 7o @

sitting position having the feet of the person on or adjacent to the floor
and the head and back of the person supported above a seat forned by the

bed. It i Bakkeromnd eof the bwienkomhospital beds having a sl eeping surface and
siderails. The. sl i ng. surd S . 40eRiddul ated to
adj ust the posiﬁﬁegﬁ&gqs%f eoq‘ggie)%%élgn%wtﬁ?gf@ﬁitg@g}?gacé. 1t is also
known %0 [HeBiasel, 19SRiah@U.$ @dentie. St 1558 arcrexpressly inoorporatadiherain bhe
prevention/treatnent of decubitus ul cers (bedsores), pul nmonary rotational

t her apy, oefeppe@ussi on/ vi bration therapy. Summary of the Invention 20 The
presEnt i DvEnt HE et %@én@orﬁ%ﬁtéﬁtoqgeﬂ,% pavticllaiyo patidetcdaré bRl f eat ur es
of the disclosure 'w econe apparent to those skilled in the art uypon
consi der atMore mitidiarly,ahé pwiserg intentivh eclatde tce Shwit badl tharantbeapnipyiated

conjunction with the acconmpanyj,ng draw . ri L ot th
Dr a{/\ayngsI 1A @\émléfé‘t"’a'i"?tg& °88§%B¥°B¥# 1%?21 p&gﬁﬁp@%ﬁgg@l Or% (%%‘) gagﬁgegﬁﬁgel&gagg gﬁ’{))%nyﬁng
Figures i nyih 6 Bersbh Gies kﬁ%ﬁn@ﬁdsﬁﬂﬁﬁﬂd\%mﬂng\fm@iﬁoﬂhﬁﬁag theofedt éfitheccor dance

wi th the present 1 nvention showing a foot end siderail exploded . a %/ from
the chair peesbnamcorheidenttd thofleorgadahe beaéra@dé?a%@ﬁhéﬁarsgna%?%rﬁeddgg % i oned

al ong | ongi tudtﬂnal Z’i qubo the deck; Fig. 2 is aviewsimlar to Fig. 1
show ng t eS%eh r‘fneﬂ d 'PhOFHe sitti ng position having a head section of an
articul ating degks wRwacopROAdEhspital trdbRoknsaidpening surfe andgEdeadodhe

position, a thigh section of the deck incljined slightly u rdl a foot

section of sle¢pangisufacaod euch eds carABPRPY Wa%’tufart al° %é\?ﬁﬁx%&\g@mé’x‘%%é%i ng down

Egis Inél 852f | ge?rg%for]; ﬁl%tsle%gfr}é s%?fagé. it RendmBldowis® p(rWiHQ ho§ital p&dskyigkien away)
perform functions such as the prevention/treatment of decubitus ulcers (bedsores),

pulmonary rotational therapy, or percussion/vibration therapy.

Summary of the Invention

20 The present invention provides a bed as defined by claim 1.
Additional features of the disclosure will become apparent to those skilled in
the art upon consideration of the following detailed description when taken in

conjunction with the accompanying drawings.

25  Brief Description of the Drawings

The detailed description particularly refers to the accompanying figures in
which:
Fig. 1 is a perspective view of a chair bed in accordance with the present
invention showing a foot end siderail exploded away from the chair bed and head end
30 siderails and a foot end siderail positioned along longitudinal sides of the deck;
Fig. 2 is a view similar to Fig. 1 showing the chair bed in the sitting position

having a head section of an articulating deck moved upwardly to a back support
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wo onpb~6~ -3 2 2 DEC yppd4 PGI' /USO /09489 Fig. 3 is a diagranmatic view of
the chair bed of Fig. 1 showing the chair bed in the bed paosition including
a mattress, having an upwardly-facing support surface helc12¥|ﬂE6dﬂm9rn1ned
first distance above the floor; the deck being in an initial position
supporting the support surface in a generally planar configuration, and the
5 foot section being a first length; Fig. 4 is a diagrammatic vi ew show ng
the chair gitibA. th] AW, | $f R dedrl  Belinad | j gnyﬁ' i i t he
chair bed ?ﬁ a Tr enc?gl gﬁgﬁir%ﬂtgggeic?ilgcr%l;n%(lizkgg.}ﬁlgq%pg&gﬁ I aglpgsrﬁ\*érgﬁl%{vgﬂ\gﬂg\g\?vag
showi ng t haneedite aigererally aertisakbdavenvtrdlfr extetelivgdowg ppdtion,iand a fHoigporiion S a
di agrammat i G Vi show.ng the chair bed, {n an L ntermedi ate position having
the head e t}bﬁxg\é\ﬁﬁrgs%%g‘gg%]f’f@ﬁo PRY) b@@ﬁqﬁh%%&ed slightly upward from
the initial position of the deck, a seat section positioned in the

hori zontal plane defined by the seat section in the initial position of the
.deck, and the foot section 15 ,being inclined slightly so that the foot
end of the foot section lies below .the position of the foot section when
the deck is in the initial position of the deck; Fig. 8 is a diagrammtic
view showi ng the chair bed in a sitting or chair position' with the head
end of the head section pivoted upwardly away fromthe seat section to the
back- support position) the seat section |ying generally horizontal as 20 in
the initial deck position, the thigh section being raised upwardly, the
foot section extending dowmnwardly fromthe thigh section and being a second
shorter length, and the portion of the mattress over the foot section being
deflated; Fig. 9 is a perspective view of the mattress show ng a foot
portion of the mattress |owered (phantomlines) when the bed is in the
chair position; 25 Fig. 10 is a diagrammatic view illustrating the foot
portion of the mattress in an inflated position when the bed is in the
normal bed position) the foot section of the deck in a retracted position,
and the foot portion in a collapsed position when the bed is in the chair
position; Fig. 11 is a diagranmatic view of a foot section control nodul e
and 30 bl adder configuration of the foot portion of the mattress; Fig. 12
is an expl oded perspective view of the mattress of the~present disclosure
illustrating various conponents of the mattress (with the cover renoved);
W 01170167 ~4



2 Z Q(EC 2~4 PCT/USOL/0' 14E89 Fig. 13 is a side elevation vi e\HZJDEUmg/,
conponent¥O@/ 7L mattress (with the.cover renoved); Fig. PCTIUSOHON48Kpl oded
perspective view of an alternative enbodi nent head portion of a mattress; 5
Fig. 15 'is a diagrammatic end view taken along lines .15-15 of Fig.l
showi ng a head portion of the mattress (wth the cover renoved) positioned

on the head section ofgihe: dlon.inc L. N centrally

| ocated bl adder positi gﬁég {ﬁgig; a%’ﬂﬁatpa?ilggﬁgtéé g‘gaérdbeéfn ég‘gl1 %P 11§ 9’_°of f oam
| ayers; Fig.chbi bied imthei ed positiondnclidingiatmatiressShuin g éh ﬁmrglnggg% S§§7ﬂogtht ly
10 defl at ed; U{lglg T is a diagrammatic view taken along |Tne-17-17 of Fig.
1) show ng FYGF Beléarﬁf?%mnttdq%rsmrmanéggbqwthhﬂpnretmcﬁpek beingiw enljnitalr i ng

i ot ed 11 g andvpBffing it subBe SH R wariornlh alihes o fifideion. wide A

left boos$t Hoergtetion beig hifiestgengthder 15 the working bl adders; Fig. 18 is a
view simlar to Fig. 17 show ng the torso portion of the mattress during
the first phase of rotBigi4if diegemupstiowiew showing thaichaiobéd ing lemdpdaitiont
bl adders infl ated and .ge lef&. wor ki ng and boost lﬂl adders_ defl ated so that
the right portion of the Titd flagemmatis uey HRWENEING BT Peckin & he | ef t
portion of tTrendedribuespositdéh;Fig. 19 is a viewsimlar to Fig. 17 show ng
~the torso portion of the mattress during the second phase of rotational
therapy with' the |ef tFlﬁoéi@imgiagnmmmmviewmdw&a@thbnhéiabﬁiinmd]yéx’eﬁ right
wor ki n nd | adders deflated so that the left portion of the

9 19! ﬁgﬁ’&??"g’H%P?ﬁ

mattress i s posi “b‘?‘Pér than the right portion of the mattress; Fig.

20 is a diagrammtic VF\ | 3 - . .Showi a
thigh portion of the il ;es?_s(&(a g bﬁﬂ ¢ "Jev'gg'\fégwr?'%r‘%é%'p %%drﬁ"ﬁaé ‘?‘.@%ﬁ%‘ﬁg"
operat i on ofpositionthewtingtheeherdrendl df the hdadaseeronof the dgcibpiactda shghtBehwhe
normal Iy , defl ated. boost. .bl a erds posi tioned under the working bl adders;
Fig. 21 is &% ‘Ei‘W?Paﬁm?‘bO 3'5 eoky a§5auFacton Resitipnegin e harizentsd plane
mattress durg Iyt e | I y.wth.the right
wor ki ng and dﬁgg?% Wig;el)sfegcfgg?%?ﬁntﬁ %é‘gg%dgﬁ%%@ﬂ?é@’a%ﬂr@m%o &Rt Poost

bl adder d5defbeingduclinedtstightly ethat thetfopasrid sfith©fodt Bectivh ics BSlow the pasitibn oned
hi gher thanggg%ﬂl ef t Eort lon of the mattress:  WHO 01170167 -5
PCT/ US01/ 07 ogt seston whan thedeckiisin the inigaipesitiaofshodtaky t he t hi gh

A L o e T S
boost bl addehair geditian adthahe héat erid6f thehéad @etion pivelediupafdy hivas frohSthe
positioned Qggggétit}nqgrt]hé Qaecktslu%ggn %ggiiilog,nthgfse;tggctg\t-lglirnzsgir;lerally hoﬁZontal as

20  in the initial deck position, the thigh section being raised upwardly, the foot section =
extending downward‘ly from the thigh section and being a second shorter length, and
the portion of the mattress over the foot section being deflated;

Fig. 9 is a perspective view of the mattress showing a foot portion of
the mattress lowered (phantom lines) when the bed is in the chair position;

25 Fig. 10 is a diagrammatic view illustrating the foot portion of the
mattress in an inflated position when the bed is in the normal bed position, the foot
section of the deck in a retracted position, and the foot portibn in a collapsed pdsition

~ when the bed is in the chair position;
Fig. 11 is a diagrammatic view of a foot section control module and

30  bladder configuration of the foot portion of the mattress;

- Fig. 12 is an exploded perspective view of the mattress of the present

disclosure illustrating various components of the mattress (with the cover removed);



S Fig. 23 is a diagrammatic view taken along line 23-23 of Fig. 1Ishowi ng a
foot portion of the mattress (with the cover renpved) pos_ltlongguﬁ'g E?g t
. o]

gonltl %g 24

f oot sectw@yo e deck during nornmal operation of the bedp,

portion incl t}gii"nég'ma pair of boost bladders in a deflated positi | ‘
is aviewsinilar to Fig. 23 showi ng the foot portion of the 10 mattress
during the first phase of rotational therdpy with the ri ght boost bl adder
inflated and the Ieft hoost bladder deflated to raise the right portion of
the mattress hi gher thdfgti3dshaside qb@mibmrviemfof_ﬂhecn?xp?iri]mssafttfematti%sl(wz];g he
view simlar | _showi ng the foot portion o e mattress duri
second phasethtg%o-eg %P@ﬁgﬂ therapy with the | eft boost bl adder

15 ,
inflated and the right HigostiskheypieliedSiriticRe VRW & sS1kRGiVEEbB idrd" ©f
the mattress higher thath he ri,g’ﬁ?i porﬁéi olfletco tﬁe rnalat?]tress;1 gl g. g'é';éig
a. di agr ammat headypastion pbaimattresse f oot section control nodul e coupled to a
peer -t 0- pger net wor k a | other .control npdul es coupled to the foot

section control nodul e_r}g%slg\églg%&‘%{"é?? erchyigwriaken alergshings 16x] SeofFigd
t her ebet weenghdwiflg ahéall goﬁiow&%ﬁ%eksc(rvyiH’?iﬁc%BQWrgtgpggﬁfg%!ﬁgngé ohthe

preferred enbodi nent control -nodul e configuration; :
di agr ammat i cheadeactonof thg detlg thd head postidn mﬁluan%_ DéatiaNy RitaRABPMHIEENT
control nodul e.configuration: 25 Fi 8 29 is a diagramatic view of the deck
and a foot SB%E?%W%%{%&&H@M&% 2pe a plwsalityoffoam davets; t o det ect cpanges
in. position of the fogh, SRGL LM Ei i sia.side el evation.view of a -
reprgsent ative siderai ?ﬁ%?ﬁ%h&@’r“{ %:iohﬁrsargo?l('-‘) -ehgé\‘/%“{}j%@&&ﬁﬁé‘&f% t e deck
showi ng ¥ | i ddflatdd;t he si derai|l noved between an up .position (solid |ines)

and a down position (phantomlines), the bed 30 including a~-sj deTai |
posi tion detector incl & dd 182 diagEmmats viey taken alpng gyl 2d7 obFig. pr oxi mal

o 1 5 he deck: WO O ]781 G7 -6 2 2 DEC
"% Po T/ UsPE T8 AR Pohioh FMERi ST SG enremovedishEne gomal 6. 30

showi ng t he apergtiaroofithe ded,ahé inatires Meluting £Pair of nbreagifesad highd 4 164"
phant on) ; ' '

working bladders and normally deflated right and left boost bladders positioned under
15 - the working bladders; | | |
Fig. 18 is a view similar to Fig. 17 showing the torso portion of the
mattress during the first phase of rotational therapy with the right working and boost
bladders inflated and the left working and boost bladders deflated so that the ri ght
portion of the mattress is positioned higher than the left portion of the mattress;

20 Fig. 19isa view similar to Fi g. 17 showing the torso portion of the
mattress during the second phase of rotational therapy with ihe left working and boost
‘bladders inflated and the right working and boost bladders deflated so that the left
portion of the mattress is positioned higher than the right portion of the mattress;

Fig. 20 is a diagrammatic view taken along line 20-20 of Fig.1,

25 showing a thigh portion of the mattress (with the cover removed) during normal
operation of the bed, the normally inflated Aworking bladders, and the normally
deflated boost bladders positioned under the working bladders;

Fig.2lisa vic‘w similar to Figf'20 showing the thigh portion of the
mattress during the first phase of rotational therapy with the rigﬁt working and boost

30  bladders inflated and the left wofking and boost bladdérs deflated 56 that the right

portion of the mattréss ié-positiohed higher than the left portion of the mattress;



Fig. 32 is a perspective view of an alternative enbodi nent swié g#: ing a

clip couplwdotmorsihe deck; 5 Fig: 33 is a perspective view of»cwu% zm tive

enbodi ment clip coupled to a siderail conponent;. and Fig. 34 is a

di agrammatic view of an alternative enbodinent foot section control nodul e

and bl adder configuration of the foot portions of the mattress. 10 Detail ed
with the present

Description of the Inveatign A chair bed 10 i ccordance v )
di scl osure having a he:lﬁge%’sfzv,'e‘ﬁ §} t%#bg'fg,s %ﬂ*grth@ﬁ*es*hmlpepﬁ@ des

16, 18 is il |m'ﬁ§ré?tcﬁl¢in'gﬁhé: tdond phAie of Péiskidral {Héka%g%ﬁp{h?ﬁ’éﬂ gzg}l%iégg%@%%?e

“head end 12" will be Used to denote the end of "any rererr ] ect 't hat
i s positi onedladdarsapflated and thedigh? walrkingand bbexl bladders idsfaed €o tHdo¢hellbftphr ase
"foot end 14" w| '%@tﬁ used to depote the end of any referred-to object that
i s positi oned®Hedr Ydhe Mmayress ipositianed brghier thaa ghermghit orEon afdhe mattresel udes a
bedfrane g0 having a b i 2radRthtid Viduna Lat. onnect ed
to base franme 22 by Iiﬁghérjnﬁq?slgéﬂovmn?r‘péﬂ E‘SEWQ%QQEQ@% 20

further incl sbesingra foot patibaof the rstelssA®/itiate kekbr rénb Vi paRabRdor tha T8ot20
24. Chair bed 10 fL#rlé?thr i ncl udes head and foot end siderails 28, 30 that
r

are coupl ed SEFUES ckduging ngrmalk qpesasion 3 theoksid; archihd foot portiorcinchudingy
deck 26 that VA ' f ..or support surface 34 configured
to support aa%?sdg%%??%t]§(iscﬁ%;lgje§#ﬁdﬁ’%§%§n10 can be mani pul ated, either by

a caregiver. or a persorFigr®tisaheaswa sirsilarse PRODSE sRowing@le bt psiSiondf the
hydr aul ig systemso that mattress 32 and 25 articul ating deck 26 ‘assune a
variety &9 p&Ratiesssluning thesditst phase afireaticnabtherapynvith thg rightadst blageri n Fi gs.

3-8. Additiog o]yl 0 h lic.syste nd .t he_r.emai nder of
pedi rame. 20 TS BB 117 ot bladfr itaid o S e Fgh BPeronar U B el .
t he di scl osuhgghef thalitkéleftspapiiet 6Bthk ¥ndtige! por at ed by reference herein.
Articul ating deck 26 .includes a head section 40 having a head portion 30 41

end a torso portion 43)Fig Zdan viewe sinitar42Figa 28 shpingehe foonpartionafithea f oot
NI 0 T R A
24, cachis] e oot ReBCrtnRs SO0 LIS
which is higher than the right portion of the mattress;
' | Fig. 26 is a diagrammatic view showing the foot section control
module coupled to a peer-to-peer network and several other control modules coupled
to the foot section control module so that a master/slave relationship exists |
20  therebetween; |
‘Fig. 27 is a diagrammatic view showing one half of a preferred
embodiment control. module configuration;
Fig. 28 is.a diagrammatic view.showing the other half of the preferréd
embodiment control module confi guration;
25 | Fig. 29 is a diagrammatic view of the deck and a foot section position
detector coupled to the deck to detect changes in position of the foot section;
| Fig. 30 is a side elevation view of a representative siderail (with
~ portions broken away) coupled to the deck showing a link of the siderail moved
between an up .position-(solid lines) and'a down position (phantom lines), the bed
30  including a siderail position detector including a sensor having a clip coupled to a

proximal end of the link and a-switch coupled to the deck;



general ly associated with the head., torso, seat, thighs, and Z2&ECofgy he
person orwomnmpeert surface 34. Details of deck 26 and nat tgpca9esosdrado! | be
expl ai ned -hereinafter. Chair bed 10 can assume a bed position having deck
26 configured so 5 that Support surface is planar and horizontal , -
defining an initial position of deck 26 h all sections 40, 42, 44, 46 of
deck 26 substantially Bpri iont al as shown iF Fi 51 % and as shown

di agrammatical Iy in Fi §i&311% A PersRectiyg vis Pt theelip ol Fig 30 shomwing e glipi s a

pr edet er m nedodylébio i V, ; ' iy. bed 10 can al so be
mani pul ated to ﬂascgit?rrtgbg}cﬁg&vﬂpezlgi#?%nﬁgﬁgﬁmn%lilggg{gghgqnﬁﬁ);Cal ly in Fig. 4

havi ng deck 26 in the Kig.i3Biit a perspsxsive iview afsh hlesrhativessntisdimestswitthe 34 a
predet erm neg secong di stgcgce 5% above the floor, second .distance 58 being
smal | er t han"PYIP&# clipspupledtodhe dgekst section . 46 of articul ating deck 26

has a firgt length 60 wheRat: 26 1S | initial sition. Chaifr
bed 10 ca% be noved t0%??2%%8?’3&2%&&8"’%3%{’f?‘%&%{h%{,\‘,{% ef%bégqqgﬁ?taﬁi\%quegpl y
in Fig: 5 hatoagideraillcoffpohentpan@d anar configuration anal tilted so that head

end 12 of support surface 34 is positioned closer to .the floor than foot
end 14 of support surf Zék 344s a disgrammatis viewfianaltemative embediment foot

e T e ol anSeEkBh RGORAGHIL Al SRR SR AREATIRM 5 bat iR BRpeE. o
surface 34 is positioned closer to the floor than head end 20 12 of support

surface 34. As described above) chair bed 10 is convertible io a chair
posi t i onl@holstailed Be | thenipwentiinagr anmatically in Fig 8. In the chair

osition, head ',ed 1 f o ction 40 of .deck 26 is,pivoted upwardl
gvvay from i nt er medi at e%?hgyr{eab%dgg’ p 8“5”%%&-‘@&13‘%8rpfesﬁB‘s‘?‘g‘iﬂBFf‘r?gPHBB &i’ﬁ@g a pi
- vot abl e backemb12,aGobléd eas Setan@Nertided 16N ik@lﬁlﬁﬁ?&@iﬂ?ﬁﬁ.ﬁﬁﬂ%};&? ihor m

an angle 62 generally between SS and 90 degrees. Seat sectio eck 26
i1 s p?sit L @ one lig%ﬁﬁéﬂﬂ‘llqzlry_th@ﬁlrmﬁflﬁadgndaJSZ"ic;Tilltbaalsbqrcm dmot@gfe:cd;ridgxﬁ,anj’;)pt ezg
0 i gh section [ [ wardly inclined, and foot section

of . deck 26 eRatriLe ite T s baliohed Prgeci kp ARl S of sro e O Keviserihea
615 n therint a0 podi o e RERoR® T eL bk Rt IR, "
posi tions inpwitimdheaﬁstfohﬁcgid)l4éafcthﬁind»bdsléct ions 40, 44, 46 of deck 26 are

in positions internediate to 0s hown in WO 01r70167 g 2 2 DEC ~;
* PCTI US01/ 07489 Fi gs. 3%‘“&&?&‘1 gg‘@&éﬁ&?ﬂffémeéﬁawwaﬁem%m an

i nt er medi at ejpRRgeki i i Y j , i ead, end 12
of head se‘ctli on 4%’2%3. glggzﬁﬁgﬁ%%egm%ﬁ% %F%Iﬂag{vf\g?ﬂ%yasg ?’é%ﬂtqﬁg’q%h}gpgl
posi tion) seat Bedftarne 20 fitheo hidludesad aiticuldiidgsdeok 26 eoeplad ky ifierhieanitd shme! ane

as int i n'*i sition) foot end 14 of thigh section 5 44 raised
slightl Sf%pmz -d?J;hag%ﬁmlpﬁeﬂmm?laqieswgﬁ an frot gnd sidgenils 28¢ 39 that a8 qoupled
inclined so ! t. f ' ' |,es ead end 12 of
f oot sectio n&{l\%hﬁ%@& ztzf%lﬂgljlﬂ%@é% %%orsg%g’fga%?‘tat i‘ﬂ'{%{ﬁ%‘l e%hé&t%téar%xﬂsﬁ 8¢l osed
in U'S Pat esleephig surfaéd or bpfportBhifgte 3e6drfipurddouppért b Petsdhi (A6 s‘HSﬁfK?.ZG I's
movabl e between a 10 generally horizontal down position and a slightly ,
i nclined up position sk bed i@ﬁmﬁmaemulqﬁed,mt Ihy FcarpgivRnomsparsongmot

hi gh Sect i oqCHD b oPBRARRIREE Late § Rl Rbmm e ot F Jem coct i on

40 noves23 o drficulaBing d6ckNE4sbuROs Vi€ of Podifiohs, sBeerestdviAbR atd¥hglpsect i ons
40, . 44 cooperate to cradle the Rerson (not shown) on support surfnace 34 15

_t her ebet wediagrammaficallp in Figs %#4. pdditionabdgscriptiersof the thiydrastivssysters iahd te when
head ti 40. ta. th . iyt )t tJ 6 art| | ati
dock 26-1s nEUHTEE" BT BT RaelRFn Sy ey Sl 15 b tpVeibmuleren
i nter medi at eaif MR @istdsurd of VARNs bggxﬁés%gincarp%?ﬁe&% réf?réﬁc?ﬁé&%[@' ly

vertically downwardly extending d sitiron to permt ower |egs 20

and feet of the personArtciiatingdeek 26 includdsen ksdadtsectiprpttshaving ahsadspurtion i n

Figs. 2, 8, i‘ﬂd df10. Foot ,secgi on 46 can also be retracted from an extended

posi ti orrthavhgnd 2 1450 PEIHGR A3 ebseahsccinp e, 3 tigh gection 4doand 2 faat seatien 46.

osi tion havy FOIPY: FolelP i ol [ . rd _head

nd 12 0f oniyiings232 pBREor ek 26 BindEaks SheddfboiBi s, M oribRAS) e
portion 50, a thigh portion 52, and a foot portion 54, each of which generally




length 64 that will "clear’” the floor when foot section 46 npyegct fof he
down posiwoon7@87 as shown in Figs. 8-10. Preferably) secongﬁrwi/&@ of
foot section 46 when foot section 46 is retracted is such tha oot end 14
of foot section- 46 clears the floor and i;? spaced-apart therefrom
sufficiently to permt a base (not shown)’of an over bed table (not shown)

to fit there , fapt section 46 pivots fromthe up position, to the
down positi o?,g‘t’%%%f‘]ﬂ%@{'?ﬂﬁﬁ%m?'as sections/gartons of denkt 26, and e&h afafliat gs) as

shown i n Fi ggendpaliPi s f ion.46.0f, articul afing deck 26 can
nove to the ggr\!ma ;l)}gsﬁstg?%tﬁa\% t tg'ﬁ e%ﬁt%ljrsé)%%tnggg'?srﬁ ?995?}‘}96113?158%054 of

mattress 32. Supportsurfage 34oDefails bf Aetk2b &dSRamlelOIB Wil fe ‘ 41 70167
_g_ 2 2 DEC 2t10~r PCTIUSQ./ 07489 (not -shown) °carr.W§elés%§ﬁré’§@F? h%’e‘&aﬁﬁ“to
sit on chair bed 10 wh aEW&firlolSéﬁlaiwmﬁﬁ/b@maxitidrdl&iirigdda:g 26Qdhfibered ¥ t hout

having the ti s ROLLLon, 54 .of tress 32 pull the knees and
shi nsgof themsgrs n&fsgfr-f\?véér)%‘{ 'g@%nghg "%BB’P%%HE%JW&M Initial positign @€ deckZd

pi vots to theithalirsegticns40pa2, 404686 Hsd10M5 subes i Lon of defl]ating
foot portion 5 54 prevents scrubbing bet ween Sﬁgﬁ oﬁﬂ%}a?%%éh%ﬂ”é’ dethe

Iegfs (nog 4shﬁ'§ﬂﬂs SBPwPWé?&Sﬁ’FB@ﬁC%})’Sig t-w.tlnshe pa::]pc;sﬁﬁolfqyupﬂ,d,?yﬁr{]hge SWppPPr t
sur f ace - i to,mve with the legs o e person.
Addi t i onal 3’5‘5@??‘8’?’?’%@5‘ B&é‘%’ﬁgggé‘sﬂ%‘h& 08F- Géélkb%lp§aluél§@_be.nmdipuiat¢d S.
Patent No. Stozatfune!8lovwAgekitiomswdiadfah L Bgrde 5 0 ir bed 10 is
confi-gu,ri)g as.a 10 ,s_tepﬁdéélg as slyhgl\%ngfai n’ﬁéé‘iﬁ?'yi*glﬂ'%@P@%%Ff?@w the of head
section ¥o JAtiapasitigmand kavive swppoitonsade34 d preadktesintieddesdndbstiie gade an

deck : ; i tudinal | t endi 68 defined b
over deck Feef I Xero ERani S Beink srabinien osthsiapoe 66e Footiodon’
connecting l4ovefrartil@nitinedede r . i.n¢l udes

I.ng a ing(delcR 26/MAS R fﬁiﬁglgnaéﬁ 60%% thgggcli%%ﬂsh‘) ﬁljla}alqaédge 74.

| ongi tudinal |l y extendi ng upper deck portions
15 Head por tRO8#I081 of head section 40 and foot section 46 are substantially -

flat and copl anar wth~u r ck side portions 72 when bed 10 is in the
bed position as shom%?ﬁlg—%ﬂ ftﬁ?”h\?ﬂ‘!‘??’%@ a3Prendelenblsg pgsition.shdwn

gonaral 1y pat ol ol o Sunsar e e a2 25 BX AR REra8ER Stanied  watppor

generally parallel to support surtace po

surface 34. hpaend Iebsuppod suditectniseotizionedBIREdr 6 Wid 866 B giageﬁu om
surface 78. @Slditi opal gi %I ,oi)gre of mattress 32 is discussed below.
Siderails 28 cﬁa s [pair bed 40 gam alsgaghiers a reversechreodelenttung posiesn of
chair bed 1@hé&%n 8 %rb : L . 2. 0] he u atient-restraining
posi tion, si der ai ?s 28, aé%hg?%ﬁgéréﬁlgb (lfgg??é?ép%ﬁ@? Hyratiamaaddilisgor t

surface 34 sothabfaatand 140 support s2bfa6é 34 k@?&ﬁr&fea cmaito?hgﬁ%oﬁt%aﬁke ARRert
e lowered to a down positio el ow

surface,34. gi ger ails %é 30 may also b
support ur‘11 QL SUPpoRksuRaes $bss 32 to permt the person to nove past sides
80 of mattress 32 when ' xiting.chair bed 10 or to give the
car egi ver - cLhenar access Sfdggﬁ%eﬁ%ggpgncﬁgxrgeagpﬁ F%"Vfg,%lgép # ghaif pasitionot at e
bet ween an sipwrein Bigt 2 aedshosimndingraffitidal ikt 4 | . ; ttress 32,
as shown in 20 % %3551 to a dOan:[_UCI_(ed pgsi ticon @gﬁgg{#ﬁr g?%@'b@?ﬁ 15 72
of upper detk°6BIAREUNLMOF decki2g is pivamd wpwardlyravedyt fromdmehnadiats Fiathe
si derai |‘ 2824 to Zbgck%gp&%asiwgpxoolvliZi(r)xégpiQoltgble backrest so that head section 40
25  and intermediate frame 24 form an angle 62 generally between 55 and 90 degrees.
Seat section 42 of deck 26 is positioned generally horizontally as in the initial
position, foot end 14 of thigh section 44 is slightly upwardly inclined, and foot section
46 of deck 26 extends generally vertically downwardly from thigh section 44 and has
. asecond length 64 that is shorter than first length 60 when deck 26 is in the initial
30  position. |
‘Chair bed 10 i.s c‘a_pable of assuming positions in which head, thigh,

and foot sections 40, 44, 46 of deck 26 are in positions intermediate to those shown in



PCTNSO, 1/ 07489 Head end siderails 28 are mounted to head secRizopgdGuff
articul at woodeds 26, and foot end siderails 30 are nount edpdAu§iinpess’ St ay
with seat section 42 of deck 26. Head end siderails 28 nove with head
'section 40 of deck 26 as head section 40 pivots between the down position
and the back-support position. Foot end 5®°Siderails 30 are generally fixed
in.an angul ag. or%gnt até g(p ‘relative to internediate frane 24. Additional
description bESs?AANG G ST gxample, shajr bed 4@ ean asswnean miermediae pasiticm 8.

whi | 6 ol so” pamufiPBagRifiticaly B P, FonaWREREAs ARCIA SRR RRbon 0 B B o
Mattress 32 pivoledddighdpupwaidly frohtha phi€ial pRAIGHE 8dat 8EERA Q’fz%siftilgﬁecﬁﬁq}{é di ng

several types of therapy. 10 Mattress 32 includes a rotational therapy
device. 110 f SAMGBErallyiprizontabatang as in theiinitial pasitéora fook ead péiof tiigtosectiber apy
device 142 : i i ion and/or vibration therapy) and a

treat mentj de%?g%wf%Xl g? gB?’%fFﬁﬁf’??ﬁ’ @‘5&?1‘%/??%‘%"6@?& ?%é&eé:BPB)“%%’F’é‘ﬁt nment and
preventi on. Melinédsthaefdohehdlef fodk ¥&ion Wkl @i HRPQY e 34,
15.. perinmeter side 80, and bottom surf e?ge 78, %Hlede%ﬂ%gretapggqﬁgooggéﬁn@t%t ress
32 is positi%hedddisionaldisclopue of amiculatiog daeka2b salitdlased #ADUKE. RdrakNa6. Head
portion 48 ig\ghyg%g a lower foamlayer 1 18 positioned. on top of a bottom
surface of cover™116. Head portion 48 further includes a first internediate
foam | ayer 122 positi ompbodRclion4Dhf b ; g ‘PH%‘ t] - conponent
second. i nternedi ate foam aygr1 124 isﬂ%raggg??%ﬂogéé%%é\&tggp&cg |4rst

i nt er medi®t egneatly hoyigontad down gositioh adé e stightiy incErebupdposiifuth shbivad por ti ons
126, 128) 13(21 as sh§wn in Eigg7 ]Ozé Heﬁgﬂ,porti,on .48 further includes an

i nflatabl e hEA&BIAHENY {35 7 Mihough dhizh sedtiop 4drcas ey dngsaendently obtheof
second i nt er k@adiaal FobtQaBR or i oh ' I.r, tubes 180
posi tioned adj z.ag:entocovltgaﬂr1 ]%{4? 4%@?“'&%???‘2?%%@&‘%4@%W‘E?P?r 'éds first
and second fResitidyl whéshez@seci@b4Ppnmives mhe bﬁcfk-ﬁlgxp@ﬁiﬁoeiti%h d6shadthel Hthl ahdbl e
‘head bl adder 1%‘2. Heacli‘%)(gorti on 48 further includes a pair of vertically
oriented foati8hsewansAs 44 coppsrateda crdietisdsrson (aotabewny orf support sndfacesidond

L0 Show S P RBEEH i Reud? s Blebloho R BRCANA ARIBM RG] 4 °

f oam mat er i adection 0 mavdetathéidonagiositionnf i gured to direct a patient's head -
away fromthe sides of _head portion 48. Foam|ayer 118 is made of a stiffer
material than first inFeotReaten 46 phamiculajing dack26 is myyable/fron e gendrallp 2 DEC

nter modi at Pt ub Rbsitioh Bralel (nREENARTAREYs of s in B hrand 10, fe
i nt er medi at e gamrallyaaeeuican@?doanﬂv@&%mhnamf%ddw}a 'dtﬁo?ﬁﬂﬁit He 16%#&% stiff

material than .first and third portions 17 . First and second am -
bl ocks £84) anddeetaf thaprrsen tabesiomerediigithe sigting pdsitton as shews isFigsf2, Bhand

d i | T head portion.48 of mat 3405 i ded with
second, por L1 ol ol W WA DR 05 & BLAL 28,2 Lm0,
conponent s a&oeamdﬁmfrmigt Bab a'refhdtb®Pbsitisn ﬁ&\’iﬁé foot end 4 ﬁf foot E&Eib}( 96

10 f mat t 10 I'g. .14.

enbodi nent head portion or use wth a €ss I's shown I'n
Head porti orfirawvnanwardiyigsardheadmnd Foefrahambed 1052 thaodtisectim 46rhatGedomd Of a

bot t om sur f f L0 tion 310 f i ncludes a first
A T e T AT M RN
mul ti corzgoneaatshsﬁﬁ@xﬁlﬁigsnsqmm%ﬁ%a%li,géédeﬁ&ggéh 84 B ot RO Hoh! 48Nk o{ op of

first internedi ate foamlayer 314 and includes first, second; ari hird
portions 318ectBR046 Battracted tssuth diat fagtend 334f ifsotsestidni 46 eard theFRP AAd is

i nternedi ate _foam | a'gr %14.8-%? ,He?d portion 310 includes an inflatable
“head bl adder®¥ ?R%‘?/ PRGHOM BHIEISPLY bapsrml@basg not shewn) @fcan eushbed bieur t her
i ncludes a gﬁblrSh%tV])l?%fi{ Qﬁhéb‘ét%én?m ed foam bl ocks 328 positioned on

opposite sides of rs second internedi ate foam|layers 314, 316 and

top foam | ayer 324 andAsfomrseetinnl 46/ pivbiseiidm thd @nposifdith tBSBowRpbiitioned on a
head enggof first and second internmediate foam|ayers 314, 316 and 20 top

foam | ay8r dpHlatablsdaotastier 54 o8 matteess 33 defaissl as3BowainFigad®: 10fsodhatdoet ri gi d
foam mat eri i fanges, confi ed to direct a.patient!s head
away from f[%éctﬁscﬁwdigs@é#rﬂg%%t né)g?‘iﬁﬁe%%cﬁﬁbg%&/\& dPS’QIrROF' R 2{ interfezence ot a

stiffer mat dfdmifodtpRidd 54 bf naltRisBY! BeafiRRiBok B¥RIonShhisddllods thd'Hedsdh 1 d
portions 318, 322 of second internedi ate |



25 foam | ayer 316 are nmade of ‘a less stiff material than .first

internmedi ate foam | ayer 314 and second portion 3Z0 is nmade of 2aDEG28Pkst i f f
rat eriral MWRB/IG6St and third portions 318, 322. Top foam |myRUS3A4489s made
of material that is less stiff than second portion 320. Torso, -seat) anal
thigh portions 49, 50, 52 of mattress 32_9s_hare several 30 conponents. For
exanpl e; torso, seat, and thigh portions 49) 50, 52 includes a two

i t f BaRel pasitianed .an. ..t i 116, F | 138 |
S 7od to subcios BRAAY cutied el VAR o8 sy ofRnais bES K han chastned 19 moges tors
and 17-22. qursittinﬂ\@oﬂﬂibr?@lﬁau&a&ir@iﬁeaﬁ@“neg)gﬂM@?Jr@?ﬁggofﬁ%ﬁ&@psﬁ‘p%ﬁih' 4

wn e (6] e

i ncludes a recess 139 that houses conduits (not sho whi ch coup
various infl P& andashinsrof therparsen forwand, asdoat settiapht GofrariiauisingDeck 26

52. al so sharg, LRt . . it d ov id ti 72 of
dock 26 as shsus ' Beonth BRGS T didiichCe deflaine aian oh efedpafertarmrtian, 50,
52 al so shar®t plevers seabbing Gefvekeh QBppReslrt Y ?ﬁ §n&'§1§’l?§s‘t§8tv %“r%’ﬁ%{ am | ayers

142) 144 are positioned adj acent support surface . erm nate
short of heakfT¥idT BPOpshfaendA bpallduing Supptrt suefase 3Radjacesht foct BBHioRvsy Si de

portions 72 qf .26, First. layer f 1l ayer 142 is nade of a less stiff
ot erar t et MOVESSiR Pre k] e Béan. R3Pnondictesisntionr ispispctinarte ofsies?

al so incl ude2s s Aeeired if UID. Pt NP, 1§84%2ar i ous inflatabl e treatment .
apparatus. Mattress 32 includes a treafivent bladder 149 and right and |eft

wor ki ng bl adders 145, - Additioosliy, iactivatatingeleck 26 8DCHM B i¢ 3oif cufGBEL Sect i on
40 and ygat o ddetc'Fi gh sectif_).ns 42, 44 of deck 26 as shown in Fi g. 12. ‘
Mat t ress 32 SKPECK AR sDRwR 1} Fighi 2. o Tarsp portiandtef herdisketion 403ind sa angdsigh i oned

over torso Xectiinsi42084 48s@h d i : at _and, thi gh ,segtions 42,
44 of deck 26. Treat rna\ntsb‘ag(g(falﬁrj6 Iﬁﬁg}dlegﬂéégic%gk?ﬁ’taocef’frfﬂsﬁ?“ggt@g@ﬁ Y and
‘third treat faindingrecess $8 defifs) byl 7 Sowdraleclar@ of stee B hhd 2 Wil €d and

ed in greater detail below Right and |eft boost

deflated as will be discu
bl adder s 15'f,“”3‘§%£8%&??°?%€4§ MeconpsgE: Ipver dackJ0 taupperaledind6.b Uppieredeck 86t i ons

146) 156, 14% HRldi ' jhcludes. 20 J.i ght . and |.eff boost

bl adders 166, ]‘i%%q%%si ti%ﬁ@?xfbﬁl#‘gﬁ&géﬁﬁﬂgh& O fl%&%gp&%a l8dgq fht are in
fluid cbimuiesdpoaiond ! of head pestionwd sriddbbt 2B6or £6 hreRaBSA t@llgq'%?firﬁ;} 151, 153.
Torso portion 49,includes first sections 146; 148 of ri grht n eft boost

bl adders 15%OP1#&s Wit pppesisleek side prgions A avheatbed 40 dicin thé bechposiiesas34 t hat

are defl at edhglit {B; ngal operation of bed 10. Torso portion 49 further

i ncl udes portions off'right 25 and | eft working bl adders 145 147 positioned
under second foam | ay&viatiréds INhchides pbees 1S ! and

| eft sides of mattress 34 that are iﬁflat %’d@ﬁgﬁfﬂé’é%ﬁﬁg‘gﬁ?}g {%%Q%q bed
"10. Torso pBMPPHEM skafage 48 thanis generallyipasallet tosappersurface 84 hhd pofitibh&Rt ment

bl adderyal49 hi ~each war ki ng. bl adder 145, 147. Torso portion 49
furt herqunc ﬁ%étsﬁ %%gﬁssgﬁ?%enf 1 ch&BF“ei%g'cg |°t°PB?Fé§jS‘}PEPﬁéB¥fa@é\ﬂeﬂn%116 and

30 first fohondawarfadet?s. AddisibRaisdlosaH is RRChd j ncl udes
portions of second boost bl adder secti oﬁ%“%%g,e&?%gs%%gﬁsggﬁe “)(')n ri ght and

| eft sides of mattressiderailsi2d, 39rase passiveoéstmin devitd mounted on both sides of

chair b¢d 10 as shown in Figs. 1 and 2. In the up patient-restrainin g position, siderails
28, 30 are vertical barriers extending above support surface 34 to restrain movement

25  of the person past sides 80 of suppdrt surface 34. Siderails 28, 30 may also be
lowered to a down position below support surface 34 of mattress 32 to permit the
_person to move past sides 80 of mattress 32 when entering and exiting chair bed'IO or
to give the caregiver clear access to the patient. Siderails 28, 30 can thus rotate
between an up patient-restraining position abuttin g side 80 of mattress 32, as shown in

30. Fig. 1, to a down tucked position beneath side portions 72 of upper deck 66, as shown
in Fig. 1, with the right side head end siderail 28.



2 2 aEC 20p~ rc~rnrsoi ro~4s9 defl ated duri ng' normal operati @2 DEC tpeg4 10.
Seat portywey kncl udes portions of right and left workin .
1hoey %@@S@gﬁ?ons

145, . 147 positioned under second foam | ayer 144 and over s

| 56, 158 of right and left boost bladders 151," 153 on right and |eft sides
- of mattress 34.. These portions of workih@-bl adders |45, 147 are inflated
during 5 normal. operation of bed 10. Seat portion 50 also includes second
treatnent zone ' 165 of Headendeideralls 28 deermavied ashéddaeetond@ bf sritighlatand | ef t

attress 3o SE2e 4 fiblenCiibhuadt 3b Srromunbe lomovher sy M dhsehectiomad of
- treatment appeska6) HealendRRerils28Fhve With Eéﬂi %?‘@?BPF?Q@?E%Q%J%%EM

portions of second bl adder sections 156;

bl adders 15140 piygtshetwednshe down posighh andthel teik-sapsisrs positigRt Fssisad34: Thi gh
portion §@ f]rthﬁrabncludes ggrtions of first and second working bladders
145, 147 JosTHT8HLA0 AtReperalli fxed foamaneulas orientatian delaties tosieermedibrdsime

bl add t1 56 AR Y . si des, of - <<, Jhi gh

portion 5o al 50 herues ey of e BTReS) +SuPBndin B Teit 1k e

bl adder 149 posi t'i onedMattesss BRiid ¢onfigurid 1 proviak kijshod ARCEL8m 4?0 aﬁ%&fﬂﬁ
- a e

shown in Fi f oot Pt‘ortion 54 of mattress 32 includes rig

.12 ) ; .
boost bl add&’@‘}i%'é? PeIFH g Aricwating degk R61to movede theorhairtpasitiche MMattéss 75 oot
bl adder 170 ;i ol /| \ i n eft boost. bl adders 166, ,168: .Foot
portion 54 flb(?ltu Eéekféein/h@Fﬁglgg‘Sg?{adf/%? 'tnoa%p rﬁL rtloﬁﬁ’foé(?ﬁi'ag sqvesal Sypestof ghesepy.

over. fod0 blMadess 37 thchitlds bpdtariersa thbdapy dévidaer10i 18F hss %H nel 174
providing a resilient component posi tipgfned bet Weehbt hi gplgg& got portions

52, 54 of ndPiagaa! taerapy:apuilsation thenapytdevideal I2yfof prdviding ereussier and/siens.

bet ween t hi ghpaR8n § gyl 2. .54 when foot  section 46.0of deck 26 is -
| ower ed. Pane? Q%;fﬁgﬁpﬁ gﬁaér gg%’)}’:%%gﬁvﬁe\gﬂé‘of%&%@ﬁg'de%‘gﬁﬂﬁd"%bﬂmdsmhdder
sections 15@reafrbéhtand pesvestioh| adders 166) 168. 25 Bed 10 includes a
peer-to-peer network 276 and several control nodul es which control the

inflation and defl ati oMatfesy Brinslugdgsie coverrld 6atelipireckuppott Barfaci 3gr kK 276, as
shown i psFi : . ctlon_cantral ule 220 is permanently coupl ed
to bed 28 a%gnﬁééﬁrﬁ%%gfgﬁ%t%FﬁW tﬁ%m # phmatieess B2isef rom
Addi tional g¢esitibhéd bt hehd porfibh U2l BeREQLHLY? k.d s di sglbosed in
U S. Patent ??o No. 5, 715, 548. Accolraé{ﬁ%g to"?ﬁégg’?é‘%@ﬁ?%ﬁs?de@%%% |
enbodi ment  drcledes adower fogur layerd 18 osiioaed optorsef 4 Bottcif Barfade dTRavael k77 2

pul nonary rﬁé&io .co‘{hto g[&l modul.e 188, a wo olnol67 -14 2 2 DEC 20Q :
PCT/ USQl / 074 R8aHH‘| fb‘ £l desmfirsh intempadiate fomm layetl 132 positioneerdn toher apy
cont ol modisf RowekFoahgayet 864, 'APﬁJu'lt}’-c&Bg&Ae%Q'séc%nﬁ? ttegﬁ%ﬁ%%&gﬂéﬁ””g# (odule

220 and_receive commands from peer-to-peer networ A¥pot4 Bect i on
cont r ol 2¢od peeitionai omiopf fustiatetraediatafearn ¢hyer 1 2P ahd mcmﬁegrfﬁstpggcgﬁf% oot .
dul’e

ol monar y 1 US4 PARCEL (2% dPEr DA Sheus T N 4RI oper at i on cont rol modul e 190,
[ eat mont bl adder 149 RaB T RRua 785 gk Ffetls ARG 8 g

bl adder s 14%BositiaTedaoretopruf sedoad pdttidrn R8s seBn DRI Ae Rk ﬂ)fan‘pﬁ?erlﬂ4pﬁe d
_operation control nodules 113, 190 as s%omn 10

t r eat ment ttgﬁar?gg%rﬂnd nqr nal N '

in Figs. 9)°PRo°Tihs neludespictubes h3ipesitiorsd adjasent cower 1 f6SHembpattibh 48ed
during r A A f 14 ki N J_ . operation) head bl adder
132) "t r o mametep el g andtsEeohoBbgH 135 Ble poshignea cncobpente insiing

bl adder s _148flatable heddrttladder $3pPHe4d peHibAAR f3AhG inQAUE a paifoflediciy) ™!

hei ght 176 ahove %ack 26, as shown in Figs. 17 and 20, to support ~a patient
posi ti oned PHEMES am Blogkg L3 pasitianed oaoppdsite sidesl of fitsi andeseoéndyur ed t o v
provi de vib WelpY I sjfn therapy, to a patient. Pul sation therapy
devi ce 112 ?ﬁ%ﬁéﬁgﬁﬁ$ﬁéﬁgagd@aﬂﬁd?mt %ﬁ"f’@?d g%?ﬂh\"é’cksﬂﬁ‘lvﬂéﬁ apr ovi des
pr edet er m nelbwrinsFigs.d¥sandfi6ai r t o pul sation bl adder 155 to quickly

oscillate the pressure |levels in pulsation bladder 155. Pul nonary pul sation

cont rol3¢rodul e 177 i s Fosmpilekstl37 apinads ofwmokeel giey fokombtérial to prdviaogdui t s
(not shown) .‘f Pul.sat i r 155 includes three aligned air tubes 178

| add . 1 ¢
posi ti oned b(SP\:/ﬁe,é:r?nbggr@B t‘ﬁ’éee"éﬁ(?apﬂ‘sst heéﬁd‘“?é{(f&m thessified efyhisad postivn 4844,
Tubes 178 aPgarfldye #8lishAikof sitek thaferla? B HEY MRdmRilafe Rarfiifer 13 E2°

air tube 178 is i'n



conmmuni cation wi.th the other air tubes |78. According to alternative
‘enbodi ments of 25 the present disclosure, the pul sation bl add®? DEGckies

f ewer ~or WOYM/7P1f8es of alternative configurations.. To per fpomosawosabi on
t herapy, pul nonary pul sation control nodule 177 is coupled to bed 10 and
air tubes 178 of pulsation bladder 155 gfg inflated as shown) for exanple,
in Fig. 12. Air pulses or oscillations are then produced by the pul sation

30 val ve andFisstahd thifdpeH - ' ' bes.178 to provide the
pul monary. pelr cussi on andogllgi]g%%? ?‘g”ﬁ*%ﬁéﬁ%g’?‘é@eﬁﬁ%w%lam@wﬁmaéapfan

therapy is rgss séf mgtepiel than fiest interrhéuitat fdrs Nyer P21 W‘S%Eé’nd?%ﬂggaﬁi 8% control
modul e 177 i,ﬁ Jee&pv\ed frfm ,1F DEC 2001r WO 011.70167 PCT1 (5 §o -1 sbed
10 and. pul sation 3 1St iiF mptesia thap dirstand thirdpertionh 52G1180.aFirst dndakcond -

conf i gur ati fBarmbledRVIR4I i 7219 ... Thus.. | sation, therapy device.

112. provi des an" i nfl at ablmed:#r:g%ardéaot-f%fg%frﬁ%ﬁ%‘%ﬁés t"éﬁ?tffgm@de‘ﬁ%‘drml_@? y
move bet \ﬁ/eed%nﬂf@pd&admdﬂ_ttmﬂ&%f&ﬂatp@&iM'igrp%ﬁ&hﬁgyia(‘j,ﬁgﬂégs%?gdi?ﬂ t her apy
treatment to a Bﬁt'fm 505|t|.oned on support 5 surface . Hrealnent device
| 14 is conf?t Gt ERE {Qaphrliaave embodiment ahe fiorit compomemtsErs nadk of 8gHeRi t US

ul cers , (beds®h@simardifiat ment device 114 includes treatment theérapy control
nodul e 113 having a set of valves that coordinates inflation and deflation
of first) second; and AhahembfieaémBotimnitead b54i ’ b L et nent
bl adder 10 149 so Lhat these Io.ngi'tuqlrinnlgl Iy é@@ﬁ'?@ﬁé’gﬁ%ﬁlﬁgﬁ{n@m&s 154)
165, 175 os&lPVR{RFigeddebsad pettiondd Oamdudbsta lawexfopnsiayér®1S Hositieas® n SUPPOT t

surface1@4 téh sy _ egtment, therapy control npdule 1 13 is coupled
‘to respecti véeb t reg‘j’t)t?r%’ﬁ'ts ur{%%e‘? c%%,“?fi%{“&%ﬁ”’&'f‘ O fupherdosludes vt er r ed

treat nent 't nsempadiate fivano layep8 1Y Sosldchel Sefiaaed el n detaj] bel ow.
15 Each treatnent zone 154{’,%165_,&j 175°P§’3?'d§g°g%gf$“?’%f‘3§'§5@ g‘l’f’ Bd air
tubes 182) I¥RPONS seoend intgrpediate foar er ABhispbsitioned on fopcstTdy; and third

treatnment z ; ' re .positioned between first and second foam

| ayers |42, %ﬁﬁc rf(?aglﬁay é%%f@fdtlga!ﬂfi% f?fét' Becondeand third portions 348,320an) f or

exanpl e, i n3R.0A tdg foan 1avee it - orjented.transverse to a

| ongi tugdi nal axi.s gfobeddﬂ’?o'§24jé§§9ﬁ8%1i%ﬁéc![%s}c%@ﬁ%{&m@%@% Y&t e ‘

rﬁspect e groups is Hﬁadlppﬂtbmﬁgmimiihgatd{lggﬂaﬁbélg hbmblaﬁgfﬁzgadogitfoﬂpggn of

t r : r r ,tubs n ni cati on
et o e PR3P 394 b boRioR 10 tiniapynctiis cpainafderisally ivatedon  of

"wWith the set ‘
“the infl atifoamsldcleidgadd i reat ment ,zones, 154, 165, |75
of treatnment bl adder . -@’Sldzfg@"/%gé’g??Pﬁgé$5&&§|°rg’ﬁh§{‘$§%°°a Bireiate foam ¢ he ‘
present di si@yersdilé, 3 kbanditop foare yeRS2dodraiciiedrtical N Gried ' NG maRk 38p/ € tubes
of alter nat'o\éja['i %%gfi g"[LﬂFati ons.. _To perform decubitus ul cer (pbec}sor e)
treatment, Treatwent 4 8?&55%8%@5@swea@uréemlat@fmumm 344, Dscant0 so
that t2@at nepfosAteer324, |65, 175 are inflated and deflated .to raise and
| ower different portigns of the patient's body at . different tinmes and/or
intervals. According Foarlbtooks 8288ahd Joai SRl 380are HhQR ,
coordi nati O’B of. t he osai |l ations creat esﬁa wave patterdrf%g;smrfitr%gq ?oggécond,

and third tPESHAENPrOYAea “lence” aeiguterso sirectsenptient' s htddawayifhah esk ga6k

defl ated. Tdr G na I hon of, .each treatpent bl adder may begin

before, duri z,ge,g@glr)ﬁ;gfn?gp ' %ﬁ‘} eg?éﬁha%ﬁﬁ)ﬁz\ﬂb"&ff?&‘éﬁ%e@ﬁ@g@i W@Wﬁi&gy )

- 16i nf | at i dniedeediate fommdayer 3¢4 p FiseaditRied boRdhES S, jgbq)qggggnfiﬁ%gor di, g‘g to
[

altern %iv engodirﬁ ts) other 1patt.ers of “inflation and VAR t he
treat ng t SP%EB &y |gaffrfé5‘9%|@%n-cm%trff mategial then firstsntennediste #darh 183F TRNt

t herapy co , W | r ved .from Qed 10, Thus) treatnent device
114 provi de:‘?agélci nf 5?%%%20 {sﬁgiqeﬁ%ﬁﬁﬂglgﬁtﬁgaeléhm figst pedythitg pastiensoet ween

i nfl ated add8d322.aTesfqaasialeosst ik 9 ' , j t bedsor e

t r eat ment %g / or. pr%enti 3?1, to ggmﬁﬁgﬁ?ﬁ%g?ﬁugiﬁel osﬁhgtﬁérbéefcfméaf’ftg’@e 34:

Pul nonary ation therapy device 110 is configured to perform 10

rotational therapy on.a patient, Pulnonary rotation therapy device 1!0
i ncl udes pul nonary rgr%{? Ot g m% PREHONSEAS, 5885 hefmatgress 32shard sevatates and

ri ght a0d ke Ki aﬁ%qlgr . an iQn.right. and left
boost bl adder?oplggrlt‘ F|Qr5% 66’,t&fégégtéénﬁﬁhﬂegorﬁﬁﬁﬁéﬁdséH'% $2¢¥ot he
respect i ve pmghrend fdarh phneliGBlgiosigiontdotiRipsof t8bdr 1147 FoaPafBN s st | On

control nodul 88 |.S upl'ed to respective
‘ & suebséLan%ahy fill In Fecess 68 of deck 26 as shown in Figs. 12 and 17-22. Foam



. control noD

15 boost .bl adders 151g 153, 166, 168 by air conduits (not %%Jz@: @ control
oscillati en the inflated and defl ated positions. E ation
‘993’?/2&%% is coupled to right and, left working bl oy f {3) 147
by conduits {not shown) and receives conmands from pul nonary rotation '
control nodule 188 to coordinate inflat+l@+ and deflation of right and left
wor ki ng bl adders 145, 147 with inflation and 20 defl ation of respective

boost bl adderagel 138, inalgdes areegss 189 tharhghseswonduitsgnanchona) Sthith eslpty ® tA45,
151, 166 posvi t.i one?l??ag) t@edc{si . Si de. of ttress 32 cooperate to raise and
| oner the righHt s I tle ﬁ% $0. 6% apebtnighoportions#9.20, 92 ajseshargor ki ng
and boost Dbliafsiesé bbikt: j.ﬁﬁg bi L I Ld .S ort
surface 34 (:looperate'te(gs rai s"esag‘ﬁ‘éa%}te%‘a?ﬁgmﬁgf?BE’SP%‘%%% &398‘{%8:}?&25
surface 34. 1882%revi ously nentioned) boost bladders 151) 153, 166, 168 are

in a defLated positionwithin mattress-32 until it is desired to treat the
patient Rith rotational°¥hé&patpAnd thigh partiens 4th§0; 82 alsoshare figstigind derond . 145)

147 are nor i¥g) Fdni t126l) 14as AEL QS 49 1744 20) and 23. .Thus, in the
pr ef er{e]g e%dc?é %Epiégggf ﬁﬁiﬁps&gl@gﬁgﬁaz’l% ar?é@flﬁffﬁiﬁga?:gfégwi de
suppor or ssrfpqed4t ofs ) ¢ Sbrof Head aAl $oat ipoRtiora4808 yever,
- wor ki ng bl agﬁers 145, 147 do provide support for Slﬂ?port surfgceagm during
‘nor mal oper att

| YKl tenskorven sida partions 7R Pf deek 36.nFisstdayss fogm layer 142NB004dEA67
-17 2 2 DECMmitiﬁ%ﬁtgffﬁjlhérgzeﬁggig%%fa{ygrn t her apy operation through
nodul e : |

nor mal operation contro nderstood that in other
embodi né@ts of the di Skoraspbrion 49 ef kdedss BhatdahsuHBYsekbral E&In?ér%%std?
|

provide a support surface for the patient during normal operation and/or
that the worthG YA§IoNs infipsable treaimgnt apparatuse Mduresn32 insludes aoreatmenit bindddthen i t

s desired g B eMEACROLALIPORL LIARRLTAA 13} ot AT e e PUIRRRY

10 to begi n helsecabRud andbeat hed Biyh QRALAL 4D ' ' i@C{q ve
di splay (not shown) of bed 10 or a gr aphi‘?: ?grogé?é%?@?%?&eor ’g}ctﬁlﬁlﬁbfc?ul e (not

shown) ~ aut oAMatiress| 32 alsaipelydesmghttand defp boosd bladgdensdiSas 1 fnpasitidriedlovernmoeiol e | 88

i tt d . .10 Th f tr. f |- tati

1525 a8 bR dheadCTRE SR SSRGS e B EPBRR L L

or the graphi o car egi MyEameRIAEI®FS 40 MDA TRled SRBITR, SR REMAh TRAMHEAL20 | S
ght "an T1 wor ki ng

permanently coupled to bed 10 and maintains ri e dders

145) 147 i nzones 15Af 16, d@5S thas ateiindepbndemty inflatedland defisted as wall bbaidcdssed Fi gs.
17) 20, and,23 illastr te tgf conf | g#rati on of rotational therapy 15,
devi ce 110 HLBEHE drilarlown dight and Igh beast bladdgrs k5 1pd 63 eadl inglide tespestive 153,

- 1b6, 168 »defﬁlrﬁtaﬁ&i s@onfl lbdders gt?onslﬁ%él, %é?, Ial@dl%lfolyakt S tfglzt@eg'ltjrgc?%cﬁegn aOf

d
rotational therapy device 118 to a phase er apy

pat i ent2@i t sigheahddeft dopgp biaddssriicss £6Bgosifiornsdtih festpodior 4 bhmaltRks 32 that
Pul monary rotati.on, contro] npodule 188 controls operation of nornal

operation c8t!PSUdEMIMEnEation with sespgetivarrightandilefhboass bladdersdiSadkid: 145 (i f

not 20 already inflat r.Om: i d e | ef r ki ng
bl adder 147."~ Pul mng%/;or@?%é}%ﬁnrmc%%ﬁg%? §tr§§§zﬂn§'1%§8f%§e$ff%}gsanﬁ éq\lf\fb%ébst
bl adder s 153Jadd&s 161 f 153qfositionedd right At left sideRdr ApitHEks 32RRAGE 8lar@nd
inflates ri ght, boost bl adders 151, 166. This conbination of inflation and

defl ation r ZPER&NeTmal PPE}'H‘@OTprr'%qdoirQ- oforse ppaion 49 fuftherdngladesperties afaightei ght

192 t haps i t j ght.. 176 and | the | 2 ti
of “supry - 2 BRASISTATGRICRLS 167 iekiighed 180 sedeh] BamiGaer s idobiny | "
hei ght 176. bBbwbladdérs 138, 1486h REhtiankiusst Ei@&@oﬁﬁhﬂ%&i 91t afelhfthe@Batin hter?py

device 110 to a _second phase of the rotational therapy operation to Totate
a patient sheueal egewstion abbrst 10. s TofsocporBdn 49 alsatingledes fE8t treatmbet zonghs4 af t er

bei iti he,l e i.de f i ned iod of tine.
Pl monar'y 1 81 SEABRN UATIED 44 B ancebare2anth B h perdfer L1 ofbrent r of

| modul e 190 bertioH UbMuktféridiadsaf pulVRIoh et 388 Bbsictbrectiveet O PEPand?2 DEC

30 first foam layer 142.

As shown in Fig. 12, seat portion 50 includes portions of second boost

bladder sections 156, 158 'positioned on right and left sides of mattress 34 that are



-18defl ate right .worKing bladder 145. Pulmonary rotation cog rﬁlc ul e
188 i nf| 2WOIVEbT boost bl adders 153) 168 and deflates rig ? adders
151) T66. The conbination of inflation and deflation raises the e.ft pohi on
of support surface 34 to a raised height 196 that is greater than nornal
.height 176 and 5, lowers the right poftron of support.surface 34 to a

Lower ed hei { t is less than nqrnal height 176. Between the first
and second 8%3@?8 do%%ﬂ’é’“?’ﬁi%ﬁef% |otthsd19p Peatrartion §A ingludesporions obtighi on
control nodudnd 188 akide B RRL RRET A hob:cantral module 190 inflate-and .
defl ate the respect i.veg'bl ggg{gr@gﬁ‘ (i)?{'hg&r'\%%{a |{n§ 'bsee(?f)wgoaﬁbg?’?ri %.a“ﬁPrYFﬁg
rotational t3%eonssertionsalfo,l 58lderightmdileft Sbbaibldddesseld121 §5oh Pgﬂlﬁafnﬁ%ﬁ" the
therapy

10 pati.ent'sié‘é ga sh in Fig. 16. To end the rotationa
operation, pu gg’ Q@F’?Ségg?i SERATHiPRS ofhwearking higdders 145 nd7ede inflatadatgink0 . t 0
a det achad pfegsinkl rstfont dtegl@OS al? r 51 - 166Q 168 return téo
the. defl ated st a't%lﬂ"(r ot (raéa%ey hél%i@oﬁjm Nfi'}"%g# SeSRBE Heptaent goner 165
modul e 190 reftieatmeenibladiergl 49 medttined b4r rigt bl et %rl'ki{?%b%ﬁfrs92§jpfi7?n as 15
ppor v

shown in Figs. 17 and 20 so that the right and left sides of su
surface 34 return to rJFHr tgsaypertiond0, thighsportion ARios medttréss S0 ifeMise 110

provi des an geydpil tngagaﬂn [X] i apparatus configured to nove between

inflated and. dﬁ%llc?t g%‘é io_? %@&088 B‘ﬁ@\%a"f!‘étfﬁi‘}Mﬁ‘—Bhgwf%%- aA$ ghean inRigapy

treat ment td2athight pation 52 $hdlidHRBrivdhs RPN b?:&tfcfef@%ti%ﬁ 196 1@? 8§8‘§F€%‘df or
udes

exanple) in Figs. 17 and 20, each bolster 140 inc our
bl adder é021(5°fbg‘?ﬂﬂ é&déﬁgéﬁhem Wisitivhed onTight amdizfrsidesidf aadedd Bl Mhigor nal

use of bed : | vari.ous erapj es. ring rotational therapy)
right and 'l éfg Ittﬁg:%c?ejﬂg E‘E‘?'gié’ég‘gﬁ Poriapy aéﬂrséﬁ’%’feﬁ% | WoRking bladders, 18hel 4Tpper
sur faces of pesitonml wdiebisrdde f&a 1S 14 vide .a ce
preventi ng g?gepa_t i ente-25 f ro%"%gﬁfigﬁ%gé%‘%é?‘%’?‘@%g‘?”%f Eﬁcﬁa%i 1210

are in flui Rrght &nd IeBrsideis of matiresd 3dr Ehighepdrtion 52 alséIncliagtnpar ti on 54
~of mattress; 3. Lbeul ar |y designed for use with chair bed 10 of the

present di sé’ﬁ%&dﬁee&%é\eg%ﬁo erl)e?é Pié’tcgm@t ders 49 pasitionsd everpartiocof An

al t er nald veweritinglbladdérs a5 ppt portion 410 of mattress 32 is shown in Fig.
34. 30 . Air tubes 184 include a first set of air tubes 216; a second set

of air tubes 218 al t efsahewy ip&ig. tiofood puition 5aiof rhathes RLBcluaditght 366!

bl adder 217;,8 o5l 1088 & é foot. end of foot bladder 170 as shown in
Figs. 11 and ?’3’9 e CG%L‘Z’ %8’,1302'1'9“ aver footsecsiam 4605 -dank 261 | A7 fioh 7

PG T/ Il SO | Bidd&? SsPdsl 4o col ne .0_di nensi on when .
ST 1S wi thor o T e el P igf el IR B3Gyeiadber B, 168 Bomporis 18 | n

foot porti ofirthar istludas 2 layssoBsheapmarsial T2 pRtidre@bvaffdoPblaaliAGh OF shorten
and to | I apse or thM1 as tuybes 216 are 5 deflated by a foot ‘section

cont rol?odul e 220 as %gsﬁﬁgefpnb@dnqlgdm@gnmm i Weploeitlipps rdsilizat t o t he
chair posi t¢dmponleﬂt‘153}ﬁicﬁ1|3§'bhxpe%ﬁ'tﬂi'gﬂ%dffg&tpoxst?gx{[slﬁ? 54%¢ (r)nfattgees(s: lf§2.2?’ar{\ﬂer]]d '
174 substantially fills a gap that widens between thi gh and foot portions 52, 54 when

foot section 46 of deck 26 is lowered. Panel 174 is preferably positioned between
second boost bladder sections 156, 158 and’ boost bladders 166, 168.

25 Bed 10 includes a peer-to-peer network 276 and several control
modules which control the inflation and deflation of the bladders are coupled to the
network 276, as shown in Fig, 31. A foot section control module 220 is permanently
coupled to bed 10 and peer-to-peer network 276 to receive commands therefrom.
Additional description of a suitable peer-to-peer network is disclosed in U.S. Patent

30 No.5,715,548.

According to the presently preferred embodiment of the disclosure, a

pulmonary pulsation control module 177, a pulmonary rotation control module '188', a



T mattress is

foot portion 54 of mattress. 32 nove froma generally horizontal position
to a generally vertical, downwardly extending position. Pref22d}fGC 20koot
section 4¥0 §7froTri an extended position to a retract e@CESSPLIMAS t o
shorten foot section 46 as 10 articulating deck 26 of bed 10 noves- to the
chair configuration. Heel tube 217 is copfigured to reduce the pressure on
the heel of the patient. Because foot section 46 is retractable, heel tube
-+ 217 can be ﬁ%ﬁnbi@wﬂidﬂm ti r iy N got
section 46 until the pati eEnrto'I ?ﬁﬁggﬂs%é%dénga&gﬁﬂ @Egg?ég@tﬁlﬁﬂgul? 81036 217.
Foot sect i orelestniqallylconpléd ite faR Bedtionl actas! modiile 220fkad ideeive RBRMEREAS floRat
nonitors the Qr&gsure in E&gl t ube %pl?. .1f the pressure exceeds a,

pr edet er mi ndFoVIREET BERTE 246 Lhrough fpai seation gpatrolmodide 2201 Ehis, aanastesi d -
decubi t us ulg eat' s heels.. ho in Fig. 34,
alternative ];fagrg? ¢1§2§'ﬁ?‘§%@’§§%(Bietr}%{éﬁJggﬁggﬁ?%nxgoghﬁgmogumaln\éy&ghnqy

. posi ti ofied pulsation eomtralmdduly 197, mﬂmeﬂdr?i‘étaﬁoﬂ sdRmol fibduleiEB, nahdpxpandabl e
- foam |l ayer 164 includes a gl urality of Toamstrips or segnents 222 and a

- sheath 224 OBFEHPRGORYP,Madule 190,58 4reatment thesapyoramtrd! meduledildde a plurality

f sl 226 and _ Cendi 4 ' 6, Stri 2
st thoned 1 a0 a0 ur inaaBiHbE R REL WeShent BRI6S 138 fpobblaaly 1960 o
to a stati onadyighoard left Wﬂrkﬁ@&ﬂﬁdd&l@lﬁ}dﬂafeihﬂ%d‘ﬁﬂﬂngﬁoﬁﬁ?bm%gén bf

00

coupled to ifgﬁi‘yend of cover 116 that 25 retracts wheén section 46 of
deck 26 is P& drpatment thesap s ans noymal gpasttiatectntidb modulead3, 190arshews i ps

sheath S3a' PRS0 17 nd B8 BEBR Q1 3Y 185 Vool Gelib Humma sarmmabs 22
are al so puloperdtioh 6NBedi$0.r BEARAS hbMBal¥PefatidR head GPiRel Péﬂ?ireh'tﬁebl b]%?@é}‘afté” ps

222 are substantially unifornly spaced apart. 30 Air t'ubes
configured £89d6pt bladdertlg0aantbnght znddeftiivosiing bladdéren43,i I47imainiairheippen f r om

bes 416, 4 / - . : ‘ / / h
or 1 ent at 1 on ST Bk T1518 4 PPl e 176 Rows doekas axstiasetindias Thor 11 on

410 to retraﬁdzmrto%bﬂsdreﬂpmttpgsigg},émg,%ogy thin as tubes 416 are defl ated
by a foot section control nodule as the hospital bed 10 noves fromthe bed

positi ol to the chai r Russlion eherapyndevivee 2k configiréd mprovide vite@ionsgaidron of

t he deck and_f ot rtion 410 .of the mattress nove froma generally

hori zont al -g%"g'f‘?s?%ﬁ‘ BPY 1 amaneny ?“&éf”?ﬁ’ terapydisXicsdd & igcludes pmtmengryosi t i on.

Pr ef er abl y) pig&tons&smityd Ltion tQ a retracted
posi tion tops horten ?ﬂﬁgﬁ}oglé% E?é@?toélﬁgfsﬁkfﬁrgagtﬁﬁ%ggg?@%%érﬁeogI?"g? the 10
moves to t hpulsatitbledderil§fitaguickly odidillate the preseas deveRt in Palsafion BRA&GALSS, .
section of {Dhﬁ).arti cul ati n% dgck and the tubes of the foot portion of the
Bimenagepulsation ecgntrel modplen 7 is cqupedsiomulsatipn blasderth Sdntmdi ment
cont r ol 200 dEdRIuEe (i dedHbRh3.ON is shown in 15 Figs. 27 and 28,. Bed 10 .
i ncl udes a nodul e housing” 278 in which each control nodule 113, 177, 188)
190, 220 is positionedulshtippblddder 1§5 ipckited Mreeafigno@hivaibes 378 pbstipipa t i oned
i n nodul e hpusi %9 278 al onglfvm' th a master/slave .comuni cat i og net wor k 280,

a power |inBet¥gem cayey 146 and figstiang segonddeprmdayerel 45 AbcTobes 84re dliciued

housi ng 278;.h0&, ‘ J. [ye . t 79 r cei ving additional

nodul es. Ast'rglﬁg\%\ﬁgﬁali?r%%aﬁﬁ F%’g{%%ggéiﬁl %ﬁcz;‘c%ﬁ{“%&ﬁ @"gzo i ncl udes a

mast er 20 2&oBhupicates sith thS6tieP R eEER] 780 ARBSIdiHLoRREMaliel m%&%@gts%\f a

networkzi nt‘ rface 288 and a connector 290. Foot section control nodule 220
<% nc

furthe JEesent diapipsyre the pulsetiom bladderpn¢lndesffeRONdranomrutibes c294 coupl ed
to master p r and ROM circuits 292, 294 and master processor
PR FAN ot uabioht

286 cooper 0 coor onmuni cati ons from peer-to-peer network 276 to

each respective slave T%Hﬂoﬁn]pl@aﬁbﬁ ?ﬂer%&? gumarye %ﬁl%ﬁg%nﬁgfﬁmgﬁlg lrl]Z’Yam «

communi cati on network Connect or 29 coup t eer peer
276 and a biseaupledd@bed 10 end pireutmsrh78rf palshsion bladderdsh are ifidted s shown,

for example, in Fig. 12. Air pulses or oscillations are then produced by the pulsation
30 valv¢ and sent through the conduit to air tubes 178 to provide the pulmonary.
percussion and vibration therapies. When pulmonary pulsation therapy is not being

performed on the patient, pulmonary pulsation control modulé 177 is removed from



(not shown) coupled to peer-to-peer network 276 and to cont rd2 OHCopggs 298.

Each contweloinedwl e 113, 177, 188) 190, 220 includes a sl a‘f’%’l‘éf gﬁg.ﬁgpr 310,
a ROMcircuit 312 coupled to the respective slave processors. f , an

anal og-to-digital converter 314 coupl ed t he.respective slave processors
310, and pressure transducers 316 coupl EPto the respecti ve '

anal og-t o- di,gi,t,al __conyer.t or 14 _Sl ave processor 310 of foot section
control nodu g1@?(5’%'@Yﬁﬁ“f’éé’?nge’bwlséﬁﬂﬁtéd Hna sebstaptiady Batoronfigeration as

communi cat e ghb&heMF;dy. Sl 31 0. of, .5l ave .nodul gs 2 2 DEC
o V0 011 To1ey PO R oTIHG PERE R dehid | oR e tinfiRbier s
connect ors 3ndtmentappananiscanfigwed o MPIILMOE BERRRANRA Al Q¥fGhd

mast er/ sl ave_communi cat { on network 280. Master processor 286 Is a
centralized Pr?ﬁ@%%f%’é’ﬁf' S2{igD PiesapyHERAITOETK to Aatient pobitiosedmtisuppertl | 3)
177, 188¥% | QQrfaddppf er processor 286 receives 5 inforrrlation/commands from
peer-to-peer network 276 and distributes the appropriate

i nf onmat i on/ commands  tDreatigent deviee 1 14/R cBhAY RIS PRVRRS i af sl ave
nodul e 113, 177, % 190, through master/gl ave gom‘rurﬁrg%%tlgﬂaﬁgﬁaork 280.

88; .
Simlarly, gt ﬁ?éﬁ%ﬁsﬁ ulegws (PedsorashsTieatment davico bl 4 imchmlesigedtren t he
ti ' fole | f h sl dul e, 113, 177,.188) 190.
S ave. pr oce AUy RERRTRRALE: PYShoing 5t of vl BBt shomtineicsingdashans and
recei ves [ nideflanidri ofvirsneRdbarl thitaleknidht ks 1AM 62955 b REARSROGRAAI0. AS

shown in Fi g, 27, foot section control nodule 2 urther 1nc
plural i 19 oft49 &e thanthase Jengitedipllg positiaRd teatmentasney 54y 265,695 3281121328, 330

led t act | | d retract bl adders tubes 217,
560 215 or PFEh il AR derfled SBTions il aiss suprpstsuriion 4 soundwaic.l <o
coupl ed to Treangenttherb§coR@d rddu PYEfs o ,ea@&'¥e§gf‘&i%'E:%ﬁ.gé&’g%ngg%gét?’z&

330 are alsoQ CO%| ed to a pressure outlet 334 o ower tion
control noddfd My air eonduits.n frefemed sreptmentthietapy abnsolepedile 103 r  dri ver s

336 el ectrigal.l: upl t,0 _slave processor 310 of -foot section control
modul e 220 g?# “%8%&@*&2%5%3? ak"“%zo; 322) 324) 326, 328, 330 that receive

20 commpgids from sl aveELRh eesHiH )y N 0@ . . . 324). 326,
328, 330 between the'openg% andE% osle%’g%@ﬁdﬁ@b@%@@%ﬁ@%ﬁ%&%&r 316

moni tors t hiubas 18Hriéds 8% Air thiess| 182,184, 187 of first hatoid)and@iHirdragasse i n heel
tube 217 does na% egﬁﬁc} a predetermned |l evel. If pressure transducer 316
,senses a pfR¥EdPE 1R 75 A Raskipned briveen firstaad seeand\foarndaysrsoldds $64 aRll0 of

foot secti ofgmQindeh mﬁfﬁ{ﬁ]@&&&ﬂ%@ﬁ% ﬁ‘%&@?%%@'ﬁ’ﬁ(ﬁ’?r\ég@d 6 to open

vacuum val ve 320 so that the pressufe is m ned
level . If pl&&d8aeldsamicord tGhévesansadongifidd®s Uk of 8¥€H0PEAGiAiube

pr edet 1 neg | evel . sl ave processor 310 of foot section control nodul'e 220
co rman%dnst g%pelgxnlﬁ%?fl tSF TRFEPLIVEEEOYRS 19 HehluigcommunicaliohwetiBdE other afrat t he

pressure 3' bk ' g1 | exel . en sl ave processor
310 of foot Q’?Eﬁ?ﬁ@ﬁﬁg‘ t'%%lc%r%% gagg@nbgse@ej;jgé @50’8 Wi gmpucaton £ oot
bl adder - 170with¢ine gt @f vilvepopireanatithkrapy Soritht) sl BS 8'contrd] the fHEGLA ~

and deflation of the respective treatment zones 154, 165, 175 of treatment bladder

149. According to alternative embodiments of the present disclosure, the treatment
25  bladders include fewer or more tubes of alternative configurations.

To perfpnn decubitus ulcer (bedsore) treatment, treatment therapy
control module 113 is coupled to bed 10 so that treatment zones 154, 165, 175 vax;,e
inflated and deflated to raise and lower different portions of the patient’s body at -

- different times and/or intervals. According to the presently preferred embodiment, the
30  coordination of the oscillations creates a wave pattern as first, second, and third
| treatment zones 154, 165, 175 are sequcnt.i.ally inflated and deflated. The deflation

and inflation of each treatment bladder may bégin before, during, or after



WO 011 70167 PCTI US01/ 07489 -22 processor 286) slave processor 231fe€ nds
st epper er(il% @6 to nove vacuum val ve 322 to the opened position t hat
air is drawm TOM’first set of tubes 21~ into vacuuminl et FEA/GSOUSTI9er
332 so that air tubes 216 deflate to retract foot bladder 170. Wen sl ave
processor 310 of foot section control noduge 220 receives a 5 conmand to
extend foot bladder 170, slave processor 310 commands stepper drivers 336
to close vacufiaien/defl8ipa ofnitt proverdifgascatnent bR K& obdind NFaRREAREL
position so that air enters first set of tubes 216 from pressure outlet 334
of bl ower 298°’§]%°£W59tsa‘?t erpadess of inflatiom) andaleflotion ofthe treatmtend bRdders id 70.
Pressure tranggdyaey 316 nmonitors the . pressure levels in first set of
tubes 216 during retraction, expansion, and normal 10 operation to
~determne when first seWheh ticalpmmt &lbnsicte V¥ ! S P $;

r anges: V\gen sl ave, processor 310 of fggq] S&%ﬁgﬁt?gﬁl{aﬁ%ﬂrﬁgoﬂﬁ%f%gfﬁs
recei ves 3 cdfim¥ed tramebad) 19 SEhus paratinkatdtitaice 1@ )pravidsseanin @B R Feadhbht

commands ste [ to mpve vacyum val ves 322, 324 to the opened
~ posi tion so t glémg{sr%ﬁfsiglfggg‘? W%?WFW edyand deflagndposisions ¢ pravides 216)

1218 into vacusoubituseilce? dredbrel LeMBiens . ioft! @e 216, 218 deflate
to col l apse a portion of foot §)bl adggréﬁéﬁrwr%ﬁfoglté\?ég ?‘"Z(Pg?gBPecéﬁ’b of foot
section cont r’YPPeFbekIfase340 recei ves a command to expand foot bl adder 170,

sl ave processor 310 comnds .stepger drivers 336 to close vacuum val ves
322, 324 and nove -pr essul RO Felation therapyeyice 1P ippeniigarashisiperformso t hat

air 20 enOer sotatiowd] tiseh  Set 8.fro essure outl et
334 of bl over 298 S0 thaﬁ??g%eﬁgeguﬁoéﬁaﬂgﬁgmﬁ?ﬁ r‘%'%é-vi‘%‘“& G bl adder
170. Pr essur @Uimenssy riationaimtiobmiotiokes! 88MhavingesstbEval f6aind right hivd i and
second sets / 16), 21 uring col | apsing) expansion, and nor nal :
operation to%aoé%‘g?ﬁ °Wr!é*ﬁ’ ?ﬂgé‘{‘dS%%@%ﬁﬂh%@tdslﬁftbomt bladdess 151615218 are
w th predet engs g3 wn i.n Fi.g. .. pul monary
pul sation control n%gili@g%%&?ﬁgﬁEﬁaéégg'%%m%rs}gmeﬁh"%gg@“é\Zﬁt Q'BUSI‘éd to
pul sat | on bl &isdders 195, L0 Pulmohmyobsivaboifrsl mhotile FEOsCBUMLAth fapauhaat | on
upl'éd to

ssor 310. Pul sation valve 338 I1s also ¢

val ve 33?5 ang Ssltgiéidgqrsci%& | 5 ' .
pressur e dut P& ohwsh 166:5168rhy aipeanduis matsbpimerte c8rol dsollRKiohe
I dri 1= I 310 d 30
Valve 385 roaee BiintgEd GATRENNE) bEAMIR, Neyhl Sorane sonmm modols 199 is
qui ckl y_movecpuslesiviright bhaidoworkh brRASRE1S N2 dnditl @bl SR o8| at e
a

positions. Additional description a suitable pu Ion valve an further
descri ption BFeI¥EE SAPMands fiempwmenary rotatioremmtl nbdlelIRS 13coofddis/SUl / 0~489

- 23 provi dediifas @p icatjon Serial . .091 210,120 entitled

Per cussi on aln(g'a ?f%?&? E%’?}a(%%he ﬂ%bl ﬂ%/‘egewqrg‘"éﬂbc%r%’f%allﬂ with inflatimcantber

11, 19980 t hdefititionlof sespective bakladcere XS, 455! Mg 16€T Por ated by reference
| ;) k] .

herein. Wien sl ave processor 310 of pulnonary pulsation control nodule 177
5 recei ves a command t 8ighsavarkipgland baost bladdsest 1450 15 hd 66 pwsitibRsn & et g PEET
network 276 gigég%gtt@gggg cgjrocessor 28 %] sl aye processor 310 commands

sol enoi d val ve dri ver QPG IIralis AP Wer the right Rastionmaf supped sefacso t hat
~osci | | ati ons34f SipiReBYIefaRerkitd ard Bdos i | adder, | 55. en

sl ave processor 310 Ig? pul rmnagrrz;/ pul sg??%c?\&%gﬁ’r%g?’ fr@a‘%s 1_0117c}op21§ee]e$25 a

conmand to sYHeHolRUPPeN skfage 34seoperatel D rhise ang Jowes ithe/ Rft poPESS S g&:@
cormand? S0l 9 éal ve driver 340 to discontinue operation of 8 | sation
val ve 3 g ress 73 " transducer 316 of pul nonary pul sation control nodul e

177 nmonitors the pressugerd by Dlasat | legS, dur.i ul sation
therapy to determ ne meﬁrt‘ﬁ%‘%ﬁfﬁ’?@‘lﬂ%@ gc&/desri}@ah%gﬁggtllsgnl%&&éggfgli‘?s is
within an ac@!@t@mmtmneﬁﬁﬁemmm 3runsit i€ désiRE o treat the patient with

rotational therapy, but right and left working bladders. 145, 147 are normall y inflated,

as shown in Figs. 17, 20, and 23. Thus, in the preferred enibodiment,.boost bladders

30 151,153, 166, 168 do not provide support for support surface 34 during normal
operation of bed 10. However, working bladders 145, 147 do provide support for

support surface 34 during normal operation of bed 10 and during certain phases of the



15 As shown in Fig. 28) nornmal operation control nodule 90 includes a
plurality of vacuum valves 344, 346) 348 and pressure val ves235fge , 354
coupl ed tyg@gpfative right and |eft working bladders 145, Jd7ai-isgad

bl adder 132. Vacuum val ves 344, 346, 348 are al so coupled to a-vacuumi nl et
332 of blower 298 and pressure val ves 350, 352) 354 are also coupled to a
pressure outlet 334 of bl ower 298. 20 Notlrfal operation control nodule 190
further includes a.plurality of stepper notor drivers 336 electrically
coupl ed to sI"ggHong! %@&Peﬁ@“dhfwsgﬁam@mﬁmimnontmtmodulardeﬁ,l Bi490 and

coupled to v ' + 34 : : 54 t hat, recei omrands from
sl ave procesgl?y&%tfgég%é%‘ngt\bgﬁég?%dzgggﬁﬁ %}&%ség%e t§%§?°%§%d%sl§4w Geen

opened and clinfiatet foqubdvide asupptrt Sdtface Gorthé B&ﬁenﬁﬂﬁgﬁ%r&gﬂdalrlfp‘é@%aﬂd/m- '
in hea a .

transducer 316 nonitors the pressure |evel er1 en the
pressure in theovarking bladdersimap be Weflated dupinguiemmal wpemtohevel , pressure
val ve 350gi s noved to t opened. ition until the pressure increases
above a p?edeterm’ ned I‘*e}ﬁee Rl{}qﬁe‘g}{gé)fpeprmggsrmagopﬂ ‘FF@E'B”HI‘QG‘?&W“EB‘Z ri ses
above a predpukidrianefbtatdnedontroVmeduiE 88k o bbsili [gSSure
decreases bel ow a :}?edet er mn‘nrgd | evel . : hé@%‘f‘ﬁbi ou@%ﬁ”ﬁﬁe sll%%g%@?’é%rt:gng
rotational tRed Q{0 beginithetrptatioeal th@2py epeshtiayhtA graphidahimerabyve/@isplupinoal ve
344 to "cradls%@&lb?bggghent' S klllead as shown in Fig. 16. WO OLFF70P67 - 24~
2 2 DEC ?pp~ B¢ ot PH 3 EEPN SArFEYsTyntegfacs mednis (Rat shopew avtoanticahessur e
transducer 3i&opRines BESpUIRBNI,ISQHES Imddiid i t king’

bl adders_ 145, |, :gﬁlj?.' V\h@ thgﬂgr essurggrﬁ%lcﬁ T?dgﬂ]%lgrlg zﬁ{é?l?éoev\%rq?}qﬁg' bl adder s
145, 1471Qr ofherefasey conpplsdon plmionany rotatieh therampdavide/ B (sapstedctiated iY@ 352)
354 are rmvegwt oathel&ﬁened*égsi tion until the pressures increase 5 above a
pr edet er ni ned S18ERIiCal {fferacti e display. of the granhic earpgiver interfaceh Noamal apefation
wor ki ng bl adegitsml hibaulel B0 is i rH [eS t]ve
vacuum val ve 346, 348 open1 Bﬁﬁ%}gﬁ ﬂgc%rpgéscgl&?%? %rgn%?jce&gé@yagéﬁ B%ﬁa?gg?ef

pr edet er m neworkéngbladders $4Sk7iin thd igflad popition@nany nofthal dperdion 0f BEARDY.

control nodul e 188 furgher é‘%l udes a plurality of .vacuum valves 356; 358
and pressure val ves 3653853k Oarﬁﬁfﬁ)l”é'atf%té theeqndiguragionraf ghtatignal thezdpy boost

bl adder s15151 gevi&@31 R EhrineHdrm t k) e h i ght

and | eft boost bl addersgl51,Q@fﬁ@c@%ﬁ%é’%@@%@?@@%’?m'%gg@g&él ed
to a vacuum deflaged dFatoFigsl By, AR24idspate 26tuaGor of MR&icHADtheRBs dalfge @l SO
coupled to a]l@rt(ja%;#re outI?t 334 of bl ower 298. Pul nonary rotational

control nodu 1stphase P theeapy de sotate 3 natigny sifpated an suppert snaaer34dfi ver s

364 15 el ect g .Qcessor, 310 .of _pul nonary r ot atj onal
control rnod u@gﬁl%g%y%wg gﬁ% %@"@é Qféﬁ-f)%,gﬁ §3%t,r°l§§%$m§éé,g CQB‘Q&S ﬁ%‘?’éﬁ‘mﬂ?é vers
364 recei ve mamabhopksaticrocontiohudple0®016 Sl 808,
360, 362 bet V}een g%iferned and cl oseg posi ti oﬁ?@aﬁ%mgﬁyﬁp%‘?éggﬁ? (lgﬁ% of

pu:'rmnar' r o’l&Lafibmﬂlat‘??ofﬁ‘?md‘lmﬁﬂcnneéatipn}%@(?tiefimlafI&/werl?ingbhﬂéﬂdWohbegi n
b ocesaor 2er oy rolshSh B0 BALAE T8 betieen Boar igadsrs b B SMag 1o

nove vacuum aisdaded&ffied froinorPMREGRAatRR iahdl ﬂ{ﬂatééa&c'ig’rﬂ Boét! B’Iﬁdd%gsﬁl;lg 168€

cl osed position) pressure valve 360 to the closed position, ressure
val ve 362 t ol hiheompivten pbinflatiomasthdaftaion anises the dightportioarofisefgortxveate

DL 2dner s 1% il nllgh: 165 331 ULAES el ok DOESA B efto o o
pul nonarag r %@tié@ﬂﬁiup@@ﬂkﬁﬁhce@ﬂ'é'a%%&dﬂ{é’? Ht‘i@h?taa?gﬂéﬁs ﬁ{aﬂ%%ﬁﬂrqe?g]/\g of

normal operation control nodule 190 to intlate an ate respec
wor ki ng bl adt#ér s 145, .147. The conmunication from sl ave processor 310 of

* pul nonary rotational . cont .ol ule 188 to slave processor 310 of normal
operation control rmdag_é’s'l GE&;’&E&% ’hH?‘B“lﬁ@ﬁCtH@&Q’b‘Pffﬁﬁ%@@@b@ﬁrapzée\aﬂdllo

mast er/ sl aveqoGQRRRHY 480 ' i.nf ion of riqght boost
bl adders 151 ) 166, @%ﬁn\i’gﬁ‘?ﬁ%ﬁﬁﬁ?ﬁgﬂi@&“&a rbfakd £Barfént hikeda of
support surface 34 of mattress 32 to the right after being positioned on the left side for
30  apredetermined period of time. Pulmonary rotation control module 188 controls

normal operation control module 190 to fully inflate left working bladder 147 and



WO 011 70167 2,2 DEC 2pp~ Y' ~, "' T/ W01 /07489 -25 infl ated when stepper

not or dri \‘gbﬁ g,rmve pressure valve 352 to the opened posi.t! @nD é@q-own
in Figs. 18, ,_and. 24 during the first phase of r ot at i on&CTUSAVIAP
During deflation of Left boost bladders 153) 168) |eft working bl adder 147
is deflated when stepper notor.drivers 33@B-nmove vacuum val ve 348 to the
opened position. 5 Pressure transducer 316 nonitors the pressure levels in

wor ki ng and Befiate rightwdeking tla8der 1145, Pifithohary piatid® bontdfd encdiule 83 ifA&Es Phase
of rotati onaLeft her ctlo g ‘er.rgl ne when the bl adders are within

pr edet er ni ne btfoé’iﬁ%g &8 gislﬁ ehdiiediates right beasbhladgderad 51.066pul nonary
rotational therapy, sl RELSSOr st epper drivers, 364 to
move vacuum val ve 358 -?\é‘gtcﬁﬁé‘%i'ga%'i’ﬂ862’3‘1@%}%%%?{5%§ﬁ5‘%§5&?&m?\}5ﬁPe,10@ ‘to the

cl osed posi t suppprtpuefaseiBeto/ataiedierght 196 fivat ¢ Se8€r BRA nbiRah ure
val ve 360.to, t he ?‘pen d position so that air ig? drawn from re'?%ﬂtlp%éggt

bl adder s 4 5110WFEBthg Tishhpertios of suppartswtace 34ite hilowered height9fthat i3 s tHaho
as. shown in Fi hd: B i mul t aneousl sl aye processor 310 of
pul nonary roﬁ%@éﬁéﬁ%hggﬁq'r%{‘}q'r?%'gEne%%g%"‘f%f’?iﬁgé"%f’g\%‘@T?)‘P%Q,‘@%%Fapgl 0 of
normal 15 opepepation) palinéraéy rot@etH eortd) niddulef dsaaltngfrtﬁiaﬁggéj{&%fog\ Gc(r?ﬁaaect ive

wor ki ng bl adder,;s 145, 147. During,inflation of ers -153;
168) |eft wolRfiwlg 180inliate and deflase ithef respesti vehladders ep fremenptespective pevitiorns 36

nove pressurg, - t he, opene Ltign.as own in Figs. 19, 22,
and. 25 duri n%u}t{%}lcggtg%ﬁaéEh%ﬁafgeh%&l%&%ﬁﬁghéﬁ aﬁb‘%ﬁ' @58‘59 to Eﬁi‘?‘i“g'gtheef | ati on
of ri ghtllboopdiichl’ AHERT & showh iA 9, 16, ght working bl adder 14S . is deflated
when stepper nmotor drivers 336 nove vacuum val ve 346 to the opened

. Fggi tion. Wen slave gﬁé@ed;dmromﬁ)mf tfpndpgmpm_'ayion,lqmﬂﬁbﬁmlroﬁﬁ?ﬁ Estlrorodul e
recei ves nd_to e ul mpnary rotational  therapy, slave processor
320 25 comﬁ§%ﬁ§?§§¢%¥mﬂe5%ﬂ5\ be3 1058 Afigac Hiopeokay bogs, blaiderstis Lt he
B o Tsn b 15 Mbatu lo the dENENA sl horlteaByberididy, MRZRRL GRS ave
processor 319®nipl poduisnAOyetumsayorking bladdérs a45 ridubenheliBRateapokitieh &s S| ave

processqr 310 of .notmal ..o tion control nmodule 190 to nove pressure’

val ves ggo, 1338‘5}’ ’%g"rhgsr 87 Pﬁ‘ﬁ@ﬁ%ﬁ&ﬁ thodehtiand lefy sides of supper serfadedtremmitd ef t
wor ki ng bl adggmsal : 7 ' in Figq., 28,
treatnent ther apyﬂége\ttl?gsl T?r’@gu‘llagﬂ%fgi @g‘g‘?ﬁé’r&@‘%ﬁéﬁﬁ@?@;B‘Pd?'i?‘?‘tlﬁ of vacuum
val ves 366) t3@8ner8 appanathswonfigured v flove beBvetn infldted anddefladd ISHSW&QSJ . 22
DEC 200 PCT/ USQ%/ 07489 -26 coupled to respective first, second, and third
treat ment zdWe¥da pulmangasy rofational themany trestment ta sipatiedosisivoediomsugipsrt coupl ed
to a .vacuunyileis 332 of blower 298 and pressure valves 372, 374, 376 are
al so coupled .to a pressure outlet 334 of blower 298. 'Treatnent therapy

control 2fodul e 113 furanmowmcfbmmn@enhtmgd.iwhnafzo,Séa%HBerstémhﬁﬁnc%d%%i vers:
378 electrically coupled to slave processor 310 of treatnent therapy

cont rol - noddP¥ elangalseibladdgss 410 bundied tasstieeoBlsidels 23003mandnflaidd duri@y6 t hat
receive co racessor. 310 and nove.val ves 366, 368, 370,
372 374, 37 E’ﬂ?‘&%ﬁ’@%ﬁﬁéﬁ"gﬁﬁﬁ@ CETBS therpies PURRgptational theraphase of
‘treatnent t highamyd lefi sidés dfisapporesirtace® kb 4ligily BdoWeid ?ﬁp%ﬁtsx?r?‘éleé §¢ other

s

treatnment zones 165, 175 remain inflated. To begin the fir
elongated bladders 210 so that bolsters 140 provide a fence preventing the patient

25  from contacting siderails 28, 30. Bladders 210 are in fluid communication with third
treatment zone 175, |
| Foot portion 54 of mattress 32 is particularly designed for use wifh
_chair bed 10 of the present disclosure that has retractable foot section 46 of deck 26.
| An alternative embodiment of foot portion 410 of mattress 32 is shown in Il?ig.. 34,
30 - Airtubes 184 include a first set of air tubes 216, a second set of air tubeé 218
alternately positioned with air tubes 216, and a heel bladder 217 positioned at the foot
end oflfoot bladder 170 as shown in Figs. 11 and 13. Air tubes 216, 218 are -



phase of treatnent therapy, slave processor 310 of treatnent therapy
control modul e 113 fends commands to stepper notor drivers 37822dEQTo0%
vacuum vaM@0B7061 o t he opened position and pressure valve %U&ﬁ/ﬂ%b?
cl osed position so that air is drawn fromfirst treatnment zone .1$4 o
treatment bl adder 149. To end the first phase of treatnent | S therapy)
sl ave processor 310 of treatnent therapy control nodule 113 conmands

st epper noto to nove vacuym valve 3,70 to the closed position
and pressur eeslgfl%ﬁé‘%%g@gapﬁ%@ HfEhEEFosBTERiom When gifdg withdrawn fromatubesit zone

154 of treat @6f218l adder 149 noves to the inflated position. During a
second phase of treatnent therapy, second treatnent bladder 20 165 is
defl ated and the ot her ThigatienatiorzafitebeslDib, 21§ m ﬂo@ﬂﬁérﬂoﬂ@ibﬁ?ﬁﬁresggz begin

the second p f treat t therapy, slave processor 310 of treatnent
t her apy cont ?o g%@(&’ﬁPBgﬂgf‘Q@ﬁa%a%@m ang te celigpee onthinoas tdbés26ard78 t o

nove vaculum défiated 8 _ i t4s3N _and .pres e valve 374 to the

cl osed position so fﬁ;{’&aﬁe?@?’g&gpﬁ\mﬂ%@rﬁ%nﬂ]@@é%ﬂgpra]l E‘é‘fﬁi V%@“i’@%‘?eﬁo end

the second pReséonfo the chaimpotitiah IrbeaRdir pslifere fOBIRERTTUG 6%'30%??6 khgatment
0 nove

t her apy contfc')I n?dulsre? ]T | 3 conmmands stepper notor drivers
vacuum val ve' S6BOHENHLOIInatiess ompve fram ageherallydwrizentelpositiodtd at o t he

opened posi t g&HarAR: verfidl r nt_zone 165 es to the inflated
posi ti on. Du%i n(f:; Ia%{ T pﬁase. %‘;’ etgr(?éen H%effﬁs“t%g"éﬁﬂ%fm?qoa SgGtionReneves
zonel 75 i s 3{yonanl extended positioh ¢o @?&ﬁdctefdrp%y%&ﬁﬁ%smﬂ-&%sfo&%éc kO femai n
inflated.,, To be\g‘:]li n the third phase of treatnent therapy, stllave processor
310 of treat HHATAURGACEK 26 0hbadl0 mowes te the chagrmodfigeatiomnds to st epper not or
drivers 378 to nove va . . 366 .t0 the WD 01l 70167 2 2 DEC ZQQ-

PCT/ USOLI 07489 -27 5 1@&5@(5,15?81/' I OBfBrs e seduge theresswe amythe heal o hewhen
bed 10 is i rpatieet. Batiansefoot béction 4B6¢rekAciabR! ; orfed iRAgwWn i n
- Figs. 2 and 29,, .copfigured to det _ec{ vvﬁgnEfg%?&s%czﬁﬁgaﬁé%ag&%@e?wngg isin
the | owered ‘56&?‘?‘?8 the pagignidnirgtracsingfoopsestioms#6 ungirthé pattent's asdlogiement of

t he di scl os s SISt gl ud a potentioneter 15 positioned to detect
changes in #{ﬁ"’éfr’]‘gﬁf’gr p%gHblggr#f'oﬁ)?w&f‘%fo@@&ﬂ%‘Hle&-’-OﬂP@U@fé@I@fﬁwmi've to
the thi dh seamnsducenthat honetesdth Qurdiif Hed) @yl 4187 [ diments of the
present invention, other angl e?ﬁgdé’eét ect g%él eb&ifggéagfﬁaﬁﬁeggﬁg?x%%gﬁi on
sensors ar e PRREEMEpghwalue,3be presseijl ket tube QAT eidaeddao Widill debibifugspect i ve

control nod i nfl atabl e, theyapy apparatus 110, 112, 114. \Wen
sensor 230 glg%zsc{%d%gvkpﬁthf:%‘fe@ém{% 46 of deck 26 drops below .a

predet erm ned di spl aceAeBfov#H Bo. 2 i ructs.th espective
control nodules to term nact) e th%f’a%fl’gﬁgéﬁa?%ﬂ%og?%n%QQ)H}C? P8Y to disable
any therapy emhwoém leyatdibdipbsitidfgd Bidera@llreNG T diErhaRd h6ed SRS,

posi ti ogy ng&&)da'bgc% udef grof%'itsuglt aeof Si d_era|t[ sensors or position

det ect or s 232 P aEPEH G 13%CiH 9f. Inglgdes-ppluraity efifoam uBpseartsegiments 222 adda
respective sheleh 224 sovidi ; I r. he ,up. position,. Each siderail
i ncl udes a fl ange 23(4)1rc§ug%?%§{tﬁg' ?é}%?@gzr%; Igga’%'}?gttog‘}?gﬂﬂ% aimgrl‘—‘l‘@’.oa}%v%tsnd a

link 236 pi ¥86and yeboaps estending barvgenRbved 278 RRfs @imagogacﬁgdq ge 234 as
down position ?phanton).

id ils 2 . f th Pti to th
i 11 onal ~ HERERBIGe 226 & herleRdot shesthh 2o coenled 1o ddusionknt oot

5, 715, 548. B i . incl ‘ oximt |ip 238
coupled. 10 o oxp Aaf acre epd Prage s ASRkERe Fasterdoroabr Hiaal owi « cn

240 f as?®netetragtssihim foot séotion 48 of HetPETs 1885t HOAs Rd ' a body
portion 242 that g)ouses_ a ogened. position and .prsessdagegagﬁﬁ\b/yb%o t he

clhos eﬂ pgsi TatsatsstPahstripa 222 bunciv tegether. lom fdot settion détofidetk Zﬁxfxecf rkig5a fobp end
the thir r9 sl.ave, processor 310 of treatnment :
t her apy coﬁ?’?(gﬁf er%a% ;mllgﬁ’ﬂge%g’mﬁégegtﬂ@b&go ﬁ\ﬂf @fﬁacea& fopmy strips222: age nov e
vacuum val valsa@@6llédalohg as repesive Wsdtsioog b@@&n@ﬁaﬁé?hﬂtﬁfé{ﬁlﬁ t%[pgég%t o the

o)

opened position so that third treatnment zone noves AT at ed
posi tion. Atbstaatially unifemely spassdepaity preferred enbodi ment; the first)

second,zpand ! of treatnent fherapy are sequential. According to
al ter nﬁO?veA?hgé%o%}?ﬁéﬁg?fc eAnfigpreddo calapse &9 2 neanzgrq dimensian wdeh airiion of t he

treat nent biviRH@ f268 thedsd Awesg According to other alternative
enbodi nents, the head and foof {)ﬁ adders are also inflated and defl ated as

part of treatnent therapy.



2 2 QEC Zpp~ WO 01 /70167 PC3'/USO1./07489 . _28. magnet 244, a C shaped
.portion 246 coupled to bedy portion 242 and defining a chanr®? DES3208% zed to
recei ve |»m°1é7§2€7 and a flange 248 including a pair of dowREEASo1/0e8dS 250)
as shown in Figs. 30 and 31') To install clip 238 on ]ink 236 of respective
siderail 28) 30, C=shaped portion 246 of_oglips 238 is pried back and
slipped 3 over the proximal end of |ink 236 so that tabs 250 straddle |ink
236) as shown in Fig. 3heopa I far: ed, switc Accordi ng
to alternative enbodi nent sﬁgpgaﬁﬁgggglgggﬁ?é’?r%gelﬁﬁ%r?;%niﬁe".h‘gws%ab‘ﬁ?sﬁﬁa? ations
of switches @PtigncidiGiprstrastosthostemayde adiagse disthin euBR64 16 ark ASMAEA by &

siderail 28, tates . from,the position to 10 ‘the down position]
magnet 244 mgc\sj’ogg Eﬁbqnactqng 8{ mgdulgas LEH% hogpital beehlQ movestromthettiedipogitionwn then
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predetermined level, slave processor 310 of foot section control module 220

commands stepper motor drivers 336 to open pressure valve 326 so that the pressure
30  israised above the predetermined level.
When slave processor 310 of foot section control module 220 receives

a command to retract foot bladder 170 from peer-to-peer network 276 through master
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vacuum inlet 332 of blower 332 so that air tubes 216 deflate to retract foot bladder

~170. When slave procéssor 310 of foot section control module 220 receives a

"5 command to extend foot bladder 170, slave processor 310 commands stepper drivers
336 to close vacuum valve 322 and move pressure valve 328 to the dpehed position so
that air enters first set of tubes 216 from pressure outlet 334 of blower 298 so that air
tubes 216 inflate to extend foot bladder 170. Pressure transducer 316 monitors the .
pressure levels in first set of tubes 216 dﬁring retraction, expansion, and normal

10 operation to determine when first set of tubes 216 are with predetermined pressure
ranges. | | | |

. Whén slave processor 310 of foot section conn:ol module 220 receives

a command to collapse foot bladder 170, slave processor 310 céimmands stepper
drivers 336 to move vacuum valves 322, 324 to the opened position so that air is

15  drawn from first and se,cbnd sets of tubes 216, 218 into vacuum inlet 332 of blower
332 so that air tubes 216, 218 deflate to collapse a portion of foot bladder 170. W’ch
slave processor 310 of foot section control module 220 receives a command to eXpand
foot bladder 170, slave processor 310 commands stepper drivers 336 to close vacuum
valves 322, 324 and move pressure valves 328, 330 to the opened position so that air

20  enters first and second sets of tubes 216, 218 from pressuré outlet 334 of blower 298
so that air tubes 216, 218 inflate to eipand foot bladder 170. Pressure transducer 316
monitors the pressure levels in first and second sets of tubes 216, 218 during
collapsing, expansion, and normal operation to determine when first and second sets .'
of tubes 216, 218 are with predetermined pressure ranges. |

25 As shown in Fig. 27, pulmonary pulsation control module 177 includeé
a pulsation valve 338 coupled to pulsation bladder 155 and a solenoid valve driver
340 coupled to pulsation valve 338 and slave processor 310. Pulsation valve 338is
also coupled to pressure outlet 334 of blower 298 and open to atmosphere 342.
Sqienoid valve driver 340 receives commands from slave processor 310 and moves

30  valve 338 to provide oscillations of air to pulsation bladder 155 to quickly move
pulsation bladder 155 between inflated and slightly deflated positions. Additional

description a suitable pulsation valve and a further description of pulsation therapy are
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(10%& ()-Lf &Wg@hxﬁhg#nﬂagtéf‘p@ccgsﬁr 286 &0k )prock 8 310+ commands solencid valve

driver 340 to begin operation of pulsation valve 338 so that osc1llatxons of pressunzed
air are sent to pulsation bladder 155. When slave processor 310 of pulmonary
'pulsatlon control module.177 receives a command to stop pulmonary pulsation
10  therapy, slave processor 310 commands solenoid valve driver 340 to disoontinue
operation of pulsation valve 338 Pressure transducer 316 of pulmonary pulsation -
control module 177 monitors the pressure levels in pulsauon bladder 155 durmo
pulsation therapy to determine when the pressure level of pulsation bladder 155 is
within an acceptable predetermined pressure range.
15 As shown in Fig, 28, normal operatron control module 190 includes a
plurahty of vacuum valves 344, 346, 348 and pressure valves 350, 352, 354 coupled
-to respective right and left working bladders 145, 147 and head bladder 132. Vacuum
valves 344,‘ 346, 348 are also coupled to a vacuum inlct 332 of blower 298 and
pressure valves 350, 352, 354 are also coupled to a pressure outlet 334 of blower 298.
20  Normal operation control module 190 further includes a plurality of stepper motor
drivers 336 electrically coupled to slave processor 310 of normal operation control
module 190 and conpled to valves 344, 346, 348, 350, 352, 354 that receive )
oommands from slave processor 310 and move valves 344, 346, 348, 350, 352, 354
between opened and closed positions. |
25 During normal operation, pressure transducer 316 monitors the
prevssure level in head bladder 132. When the pressure in head bladder 132 drops
‘below a predetermined level, pressure valve 350 is moved to the opened position until
the pressure increases above a predetermined level. When the pressure in head
bladder 132 rises above a predetermined level, vacuum valve 344 opens until the
30 pressure decreascs below a predetermined level. As prcviously mentioned, during
rotational therapy, head bladder 132 is sli ght]y deflated by vacuum valve 344 to

“cradle” the patient’s head as shown in Fig. 16.
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10551 81 1 0%5@%9?«: ﬁéﬂ)‘?égl(ljse above a predetermi ed level, respective vacuum valve 346, 348
open until the pressures increase below a predetermined level.
As shown'in Fig. 27, pulmonary rotational therapy control module 188
~ further includes a plurality of vacuum valves 356, 358 and pressure valves 360, 362
10 coupled to respective right and left boost bladders 151, 153 and ri ght and left boost
| | bladders 166, 168 through right and left boost bladders 151, '153 "Vacuum valves'
356, 358 are also couplcd to a vacuum inlet 332 of blower 298 and pressure valves
" - 360, 362 are also coupled to a pressure outlet 334 of blower 298. Pulmonary
rotational control module 188 further includes a plurality of stepper motor drivers 364
15 electrically coupled to slave processor 310 of pulmonary rotational control _module
188 and coupled to valves 356, 358, 360, 362. Motor drivers 364 receive commands
from slave processor 310 and move valves 356, 358, 360, 362 between opened and
closed positions. |
When slave processor 310 of pulmonary rotational control module 1.88
20 receives a command to begin pulmonary rotational therapy from peer-to-peer network
276 through master processor 286, slave processor 310 commands stepper motor
drivers 364 to move vacuum valve 356 to the opened position, vacuum valve 358 to,
the closed position, pressure valve 360 to the closed position, and pressure valve 362
to the opened position so that air is drawn from left boost bladders 153, 168 and air is
25  introduced to’right boost bladders 151, 166 as shown in Figs. 18, 21, and 24.
Simultaneously, slave processor 310 of pulmonary rotational control module 188
instructs slave processor 310 of normal operation control module 190 to inﬂate.and
deflate respective working bladders 145, 147.
| | The communication from slave processor 310 of 'pulmonary rotational
30  control module 188 to slave processor 310 of normal operation control module 190
occurs through master processor 286 and master/slave commqnication.network 280.

| During inflation of right boost bladders 151, 166, right working bladder 145 is
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closed position, and pressure valve 360 to the opened position so that air is drawn
from right boost bladders 151, 166 and air is introduced to left boost bladders 153,
168 as shown in Figs. 19, 22, and 25. Simultaneously, slave processor 310 of
pu]rhonary rotational control module 188 instructs slave processor 310 of normal
15 operation control module 190 to inflate and deflate respective working bladders 145,
147, | | |
| During inflation of left boost bladders 153, 168, left working bladder
145 is inflated when stepper motor drivers 336 move pressure valve 354 to the opened
- position as shown in Figs. 19, 22, and 25 during the second phase of rotational
20  therapy. During deflation of right boost bladders 151, 166, right working bladder 145
is deflated when stepper motor drivers 336 move vacuum valve 346 to the opened
position. '
When slave processor 310 of pulmonary rotational control module 188-.
receives a command to end pulmonary rotational therapy, slave processor 310
25 ’commands stepper drivers 364 to move vacuum valves 356, 358 to the opened
| position so that air is drawn from right and left boost bladders 151, 153, 166, 168 as
shown in Figs. 17, 20, and 23, Simultavneously.,' slave processor 310 of pulmonaf'y
rotational control module 188 instructs slave processor 310 of normal operation
control module 190 to move pressure' valves 350, 352, 354 to the opened position to
30 inflate right and left working bladders 145, 147 and head bladder 132.
As shown in Fig, 28, treatment therapy control module 113 further

includes a plurality of vacuum valves 366, 368, 370 and pressure valves 372, 374, 376
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During a first phase of treatment thcrapy, first treatment zorie 154 is
10  deflated and the'oth_cr treatmént zones 165, 175 remain inflated. To begin the first
phase of treatment therapy, slave prdéessor 310 of treatment therapy control module
113 sends commands to stepper motor drivers 378 to move vacuum valve 370 to the
opened position and pressure valve 376 to the closed position so that air is drawn from
 first treatment zone 154 of treatment bladder 149. To end the first phase of treatment
15  therapy, slave processor 310 of treatment therapy control module 113 commands |
| stepper'motor drivers 378 to move vacuum valve 370 to the closed position and
_ pressure valve 376 to the opened position so that ﬁrst treatment zone 154 of treatment
 bladder 149 moves to the inflated position. '
Durin g a second phase of treatment therapy, second treatment bladder -
20 165 is deflated and the other treatment zoﬁes 154, 175 remain inflated. To begin the
second phase of treatment therapy, slave processor 310 of treatment therapy control
module 113 sends commands to stepper motor drivers 378 to move vacuum valve 368
to the opened position and pressure valve 374 to the closed position so that air is
drawn from second treatment zone 165. To end the second phase of treatment |
25  therapy, slave processor 310 of treatment therapy control module 113 commands
stepper motor drivers 378 to move vacuum valve 368 to the closed position and
pressure valve 374 to the opcned position so that second treatment zone 165 moves to
the inflated position.
During a third phase of treatment therapy, third treatment zone175 is.
30 deflated and the other treatment zones 154, 165 remain inflated. To begin the third
phase of treatment therapy, slave processor 310 of treatment therapy control module

113 sends commands to stepper motor drivers 378 to move vacuum valve 366 to the
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10 also inflated and deflated as part of treatment therapy.
Bed 10 is configured to disable any therapy when bed 10 is in the chair
‘position. Bed 10 includes a sensor 230, as shown in Figs. 2 and 29, conﬁgurc.d to
detect when foot section 46 of deck 26 is in the lowered position. According to the
presently preferred embodimeﬁt of the disclosure, the sensor includes a potentiometer
15  positioned to detect changes in the angular posi'tion of the foot section of the deck
- relative to the thigh section of the deck. According to alternative _émbodiments of the
present invention, other angle detection devices and other position ‘sensors are used.
- Sensor 230 is coupled to communicate with the respective control
modules of the inflatable therapy apparatus 110, 112, 114. When sensor 230 detects
20 that foot section 46 of deck 26 drops below a predetermined displacement angle, -
sensor 230 instructs the respective control modules to terminate therapy.
| Bed 10 is also configured to disable any therapy when any of siderails
28, 30 are lowered from the raised position. Bed 10 includes four sets of siderail
~ sensors or position detectors 232, as shown in Fig. 30, confi gured to detect when the
25 respective siderails 28, 30 are lowered from the up position. Each siderail includes a
. flange 234 coupled to bedframe 22 (not shown in Fig. 30) and a link 236 pivotably
coupled to flange 234. Link 236 pivots on flange 234 as siderails 28, 30 move from
the up position to the down position (phantom). Additional description of the siderail
is disclosed in U.S. Patent No. 5,715,548, |
30 - Each siderail sensor 232 includes a proximity clip 238 coup]ed toa
_ proximal end of link 236, as shown in Fig. 30, and a switch 240 fastened to side

pomon 72 of upper deck 66. Clip 238 includes a body pomon 242 that houses a
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vdownwardly tabs 250 as shown in Figs. 30 and 31, To mstall chp 238 on link 236 of
respective siderail 28, 30, C-shaped portion 246 of clips 238 is pried back and slipped
5 over the proximal end of lmk 236 so that tabs 250 straddle link 236, as shown in Fig.
31. Switch-240 is preferably a reed switch. Accordm g to alternative embodiments of
the present mvcntnon, other configurations of switches or prox:mlty sensors maybe -
used.
As link 236 of rcspectl ve siderail 28, 30 rotates from the up posmon to
10 the down position, magnet 244 moves relative to switch 240-from a first position
- (shown in solid lines in Fig. 30) relative to switch 240 to a second position (shown in.
| _phantom lines in Fig. 30) further away from switch 240 Switch 240 is confxgured to
detect the change in position.of magnet 244 so that as magnet 244 moves toward the
second posmon switch 240 detects the change in position of respective siderails 28,
15 30 - |
watch 240 is in communication with the respectx ve control modules of
the inflatable therapy apparatus 110 112, 114. When switch 240 detects that any of
siderails 28, 30 drop below a predetermined level, switch 240 instructs the respective |
control modules to terminate therapy.
20 -  An alternative embodiment siderail sensor 252 is shown in Figs.:32:
and 33. Each sensor 252 includes a proxmnty clip 258 coupled to a proximal end of a
siderail component 256, as shown in Fig, 33 and a switch clip 260 fastened over side
portion 72 of upper deck 66. Proximity clip 258 includes a C-shaped portion 262 and
a body poxtioﬁ 264 including a magnet 266 therein. Proximity clip 258 is slipped over
25  aproximal end of siderail component 256 to pinch siderail component 256 as shown
in'Fig. 33, Switch clip 260 includes a U-shaped clip portion 268 and a switch body
272 coup‘léd thereto. Clip portion 268 is slid over side ponioh 72 of upper deck 66
* and fastened thereto with fasteners 270. Switch body 272 includes a switch 274
positioned therein. According to the present disclosure, switch 274 is preferably a
30  reed switch. According to alternative embodiments of the present invention, other

- configurations of switches or proximity sensors maybe used.
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10 to termmate therapy.

Althou0h the mvennon has been described i in detanl with reference to
preferred embodxments variations and modxflcatnons exist wnthm the scope and spirit

of the invention as descnbgd and defined in the following cla__lms.
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5  having a second length that is greater than the first length, and
a mattress positioned on the bedframe, the mattress including a support surface
and an inflatable treatment apparatus configured to move between inflated and deflated
positions to provide treatment to a patient positioned on the support surface, a
retractable foot portion of the mattress including at least a portion of the inflatable

10 treatment apparatus, further comprising a first treatment bladder, a second treatment
bladder positioned longitudinally of the first treatment bladder, and a third treatment
bladder positioned longitudinally of the second treatment bladder and each of the first,
second, and third treatment bladders being configured to oscillate between inflated and
deflated positions.

15 2, The bed of claim 1, wherein the deck further includes a thigh section, a seat
section, and a head section, the first treatment bladder is positioned over the head
section of the deck, the second treatment bladder is positioned over the seat section of
the deck, and the third treatment bladder is positioned over the thigh section of the deck.
3. The bed of claim 2, wherein the first, second, and third treatment bladders each

20  include a plurality of aligned tubes.

4, The bed of claim 1, wherein the oscillation of the first, second, and third
treatment bladders between the inflated and deflated positions is coordinated to create

an undulating support surface.



IDS f#109%&' ()- Py"10%u& ()-!#y"109& ()- Rdl "P10$10%& ()- 10 10l 10%& () -

S| 109%& () - &10%& ()-19!'10%& ()-f10%& ()- Normal" "Heading 13]c";5 w

23] ¢c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63 o i ng
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font/#_, 16, @ Sl ] Vg;
qzeTYl! & " $&(*, . 02468: <>@DFHILNP% / LE& s 9PU

MY " #FYA&' ) 6, . / *38\ 9=A9CEI LQAISVW " cNgUj | r & 3w{} dTU f Oxus8#21N00gq )

News R
?T'#gf/z 0 XV_,_ ?”}igﬁ%g% gf;%lélh?ﬁ WL ORIk i YRR GUAR R SEetion, a seat

<= >7@\BCDE§ gt_‘of} %W%? ection \ﬁz[frlt treaérll)e%ggfag 15 {xr)rs?t? Elsotvlély the icl b

section of the deck, the second treatment bladder is positioned over the seat section of
the deck, and the third treatment bladder is positioned over the thigh section of the deck.
5 6. The bed of claim 5, wherein the oscillation of the second treatment bladder
follows the oscillation of the first treatment bladder and the oscillation of the third
treatment bladder follows the oscillation of the second treatment bladder so that the

undulating support surface follows a wave pattern.



