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Hybrid Continuous Passive Motion

Abstact

Hybrid Continuous Passive Motion (Hybrid CPM) is a medical device used for the purpose of physical
rehabilitation of joint knee.

The device functions by 2 modes, motor driving mode and man power driving mode. With the first mode the
user can operate the device by programming or operates manually the device. For the second mode, the device is
functioned by human force. This device is accompanied with a gear group to relate with slide block to lifting up axis
to be connected with a patient’s leg so that the - leg slowly is left until locative angle be set between 60 degrees to

120 degrees.



I11

Aaanssulszmea

9y
av [ Y a a 4 @
nuisei g unumivauunnalsznaduie ldvesanmnssumans aojumalulagnszaou

q L

dudgammsaanseia Usziitlwlszined 2551



v

MItey

UNAAYD
Abstact
Aaanssulszme
GRERILY
q' o
unn 1 ymh
1.1 anuduinveslaseay
@ 4
1.2 Jegilszasnveslnssaiu
1.3 YeUwAYDd IATIU
1.4 Tassadravessieau
K 2
Uni 2 NqEg
2.1 MEINIAYITDIN
@ 9 1 g [ Yy
22 anuTuAsvestent mnwulve) 4 (du
= [~ ] 9 Y
23 ANuTULIBIMIRnvIAved ulsldilu 3 sedu
= s Cag a 9/ =1
2.4 Twazdvamsiaalasuviny
2.5 aulszneuveIta oy
2.6 ANLUNTAGOU (Complication)
2.7 ANUANAYDIYDIUTBY (Costeffectiveness of TKA)
2.8 anumaniangiunisiguala
2.9 msifiiadmalil
2.10 MIVSHITTOIMAIINNFBR N 1T INeIa
v v
2.11 msuswisnamiionazHuyaussaniwdile
2.12 msrdan)asude iy (Total Knee Arthroplasty)
YN 3 MIveNNUY
y & &y
3.1 MIASNTUNUILIDIAY (Parts)
v
3.2, ¥u1u CPM lomsadianuuyy laneuky Sheet Metal
v
3.3. myoonuuy lasnms 1[FFuaIuNIATI v

v
3.4. M3U5ENOUFUNU (Assembly)

II
111
v

11
12
12
13
13

14

16
16
17

17



) v
3.5. MavugiensUsznouFuay
a d u‘aqy o Qy
3.6. MIWATITHAMAVTATUOIULAZMSHNAUDFUNY
v = .
3.7. MIATNAMWIOUIVURY (Drawing)
¥ '
3.8 awFuauh lanimseanuuudle TUsunsy SolidWorks™
ad a L4 4 [ a T
3.9 BIANNI BINAAZMIAILANIAG DIFIWUTHIT Vo1
3.10 M31UsEnoUAS 0
UNN 4 MINARBIUATHANIINAADY
a ) 4 4 I~ [
4.1 MINAADIN 1 IA0IMNMYBUATOL CPM Nyuuaza1lEIn1ee
a v @ Py P (=1 1
42 msneanan 2 Jadganaildlunsmuguuemesinnusiaie
4
unn 5 unagl
5.1 a3y
4
52 lymwazglassa
5.3 sz Tominlasuy
VI TUYNTH

MANUIN

17
17
17
17
21
22

24
24

26
26
26



1.1 ananusnveslasanuy

nnaarmsala Insnmsdaldumsyiuyadun inlddadaulszanns Tugeergiitunniy
pt1a151a ﬂszmns‘lu"iﬂﬁyﬁﬂﬁﬂmmmﬁ1imqw’1'm1§i’mﬁnﬁa Tsndau uazfinanie Jamdeoniudon &
gavholunszuums@erndemaao T 19dewiion Fesufusuduiulsznnsluiovihnuiie
guAmanudem

msidanldoudouiion (Tka) e msidaminSnuinszgniideyealaionszen Femur Aaves
N32AN TibialnzPatella ponuAa lddomufisniioonuuumwizdh lunammy

1 IS

4'1 91 Yo T w ci 9 ] =1 9 [ T @ d' 9 1 =1
wogihelasumsidanldsudonienudy mondaninmsmdandondoniniion  s1aneeziing
a [ 9 d:’ A " W@ <1 [ n’: 2 9 P=1
nasulasanuudaswenduiionnas ANUBAMGUAIAART ANVUTWIINTZYRAAY ATTUTIAOITNS
v E ' '
ysstahvasnnnduan Iswmeuia Tegimsusmsndunieuasduyaussonmuesdenn iWetnuindy
1 1 _ 4 1 =) 1 & 4 A o
Tumssedonlidignizlnd Tavldiniessaousnisdeni (continuous passive motion ; CPM ) FadnyMzs
o 4 4 4 n . Yy Yy o A 4y Y, 4 Ay -ﬂ-ul
Rauveunsesi Ao szdhinsnelddenvesfiheiimsmieuidnesn dawanudnduvuasuiluaesly
0o q YN Y A Yy o ohducog Sabe. & v ° ° ° o o w &2 o q ¥
mldideanannsalddihoiimenminedlsdnesld  lagimudwusiweninmoepmihta vl
' o A= 2 ' a 9 ' = @ £ o YY1
ATAINABNI SN LAY 1T 0ABIAG DITBUITMTVOWT (CPM) N3 migannlusmmdniauum dailidiloe
' A A Y] 9 2P ' a Y 1 Ao W ' o
narwsw liansademiss cpM Wisaula wenainiimIesrieusnisvorntiutnalseme dnee
o - 4 ﬂ’ 4 o H 1 y 1]
Maudumasuasuames v dier 1114 lunassua i luedos azlsau luazain
4 [ ' o aw 4 4 @ ¥ ' [ 4 Py
woudilymdinanialdinsiduiesadiunsesdunumnios CPM s11gnnn Taoldiagiinlaly
;’,' £ ¥ [ 9 v Y
dszma  Wannsaldau @ uls Wi luamsdumaounazdaainso ldussanld minszuuvvhdados
A A Yy a P, v P4
wioe il weonusausms eiluranimnanile
1.2 Yagiszasnueanis vy
A <] 9 A A ' a 9/ ' a . . 5 s A
mawmmgﬂummmumiaqmiaw’wmmwamuuu"lamﬂ( Hybrid Continuous Passive Motion) 139
Aa Y v
HCPM ffiswmgnuazaninsnldauld
1.3 VB UIUAVDINTIVY
dy Y Y = @ A ' o Y 1 @ &
Tasanuii ldeenuun  vazadiansesaaugu  sauldfseenuuudunsesrivvdudonn  Tavaunio
' 9 =] Y [~ Y1 4'1
awnineo 1y e 120 oeen wazalsuanusaldaeriio

1.4 Tassa1aveanngnu

Y ad A ¥ y & v ' ﬂ a7 ey
510\3'\14'1@]5'JiJi'JiJV]E]H{]‘V\LﬂUTUEN NITODNULUVAIN LagnNaaol Lﬂiﬂﬂﬂulu}'ﬂiﬂﬂu‘ﬂﬂl HUNAIU



a A v ) A a o g Y] ' aa o
N 2 nguNneIves znatguiinuiumsaluvesde ez IT M
UNN 3 MIVBALVY 92NA1ID mseonuuuNshlFlunmsniuguuazmseenuuuglsisveuniea
UNA 4 MINAABIUATHANIINAABY IZNANIDINITNAADY LazHaNT 149NN NAADS

uni 5 ag) wazIonsel



F

uni 2

=

nqeq

2.1 MeInnvesvenn
vy 1 v L4 a . ' a

Y0191 152n0UAI N3EQNTINe3T (Femur) Nszgniitiiy (Tibia) nszgnaztiaiuniiiveni (Patella) USIQ
a n’/’ qy v v @ aa 9 & ﬂ 1 . . [ 9 T Y A 9
hinszgaiia 3 ¥u dudaduegiiidoduilunizqneen(Aricularcartilage) nqueguazmeludenguirviboyde
. 1 a g a L4 aa P! 9/ 1 1 9y @ T .3,'
(Synovial membrane) s¥niAIBNIZYNHINDT waznszgnilidy finueusesderiigisindiod C sengia
vy 9y £ o Y A a g ' ' a < v ' ' v
AuuBNIaZAIU 1Y FINMINNTI0aALTINTTUNIAVUAITONT LaZFoETUANULTT VeI tazeaeld

k7 ]

3 A A a v yyad o y & Y = o aa ~
1“'”aﬂauqlﬂﬁnllﬂlﬂaﬂllN'J"U'ﬂIlﬂﬂ'iluﬂ’nunuﬂﬁﬂl@@ﬂlﬂlﬂ'ﬁluﬂgﬂﬂigﬂﬂwluaillag’/ﬂiz@‘ﬂﬂlnﬂ ﬂﬂi&'ﬂ@ﬂlﬂu

4
s Y Y

9 - s o any 1 9 [} 4 A=k g 1 dy P [l 9
vatmﬂumaﬂymxﬂﬂm"lmmn"lilmﬂ HUBUITBINISANVDIVIAZIDUNYAVDIVT TINTNNANIUBNDYIDY 9 YD
Y

v [
A A

' o o A y 4y v Ydo YA & g 1 o : y & 4
1 ﬂmmum’lmﬂiy 19 NANWUDIAUVIATUHUAUINNIH HUINNYUAUDLIUT T8N Quadnceps muscles LAZNAUIUDN
Ty v v X PR ' ' ' 2 o A o Y &y gy ad a
BYAUYVIAIUNAY (580 Hamstring muscles 01d21a13 ) 0813 lnadiantiaudo 11 wiovimdhi L ldawilndneide

ANV UAIVDIY DI

Q'J v | =1 A v

2.2 ANUUUAIVUBIVBLUN ﬂ'lﬂ!ﬁ)‘lﬂﬂﬂy 4 1au
o 1 .

1. 1OUINAHUBN (Lateral collateral ligament)
<] [ P o

2. Lauww’ﬁuiu (Medial collateral ligament)
o 9 Y L g :

3. 10w 1v3ni (Anterior cruciate ligament)

g @ | A &
4. mu"l&r’iwm (Posterior cruciate ligament)

Fermur
Posterior
cruciate
Lateral ligament
condyle ;
of femur. Medial
condyle
of temur
Lateral Anterior
meniscus cruciate
ligament
Transverse E Medial
ligament g8 meniscus
of knee
Fibula
Tibia

2.1 nwdioin(n)



o () 9y 1 @ T 1

- uduuen, aulu srotlesdulildiimaiudos lududs
] vy @ 1 ' 4

- 19y lvindh Joaiu il many deu Tdumih
d o @ [} ] 4 @

- ulvinds fosiulildimauy idouan lUdunds
duaneiwiassnguusnien iz limasuunniniad wu du idondn graszunsn Wimdsasuey
Y [ v a o o 1 1 P = = v A
Tumesdmdamsedudranaiull s ldidulngivaderifinneld oweziimsfnnamssu@omse

o = < 1 v a T a 1 <
nawdunselimsuIaR s wAUAYBIAN, U UTRItRnIAT A A 14
=) =3 1 Y o U
23 ANNFUsIVBIMIANIAveudY uuia 1Al 3 svau

LY

a = = dy & I~ - =2 A Y g @
ITAUN 1 ummﬂmmmﬂﬁlumawmmmu umaum"lmmmmnﬂ“lmwummw

@

U

18

=

2 PURNVIAV A I

e
ee
=h.

Q

b =

[ v
LAUN 3 PURNVIALYNDBNIINNUNINUA

(v

311 22 amdoi2)

9 [ 9y [ 9 =2 o Y1 a a [} d' °y Y 9/ =) 1 9 d'
Yo aseeldednaios 70 esnvarsih ldviiduduilng Tussianiminuundraufon wulwsudud
a dy 9/ ] " W 1 oy v @ & ) SV U 9 d'sl ﬁl : =
wevuludennneiny 5 shwenhming? sy ldhguneniusadundedus 1A UBNIINTUIIAY
y & o y o A gy o my AL 4 d 4 o 2 o9y y 49
yoandmiieaniee Tassoudon meldsamonsiieg 14 edmiovunieastiula szsailiusuaunde
" a dgl A v dy v a d? 9 A A L% [ {.] o a “i‘_l wva
WDV HpInINNAMITioABIBRNUS WWLTY Joliinnielnedd Tzl lasduiia Wunanngiame
a =4 a { a § a ' T W Yy
wioimannlsavosdouaznizaninm seiinaliusuduiifaiudeiade lugadia q hiviiu vazilumaldde
[} 4 = 1o 1
WUTONANWITINIIMNUADGIINN
=< @ a Y Y a v a4 o ' ° Yy o
nsfnIdnEaznIneInavesden woliinannud lafeinuglnaeemsimiin souisnnu

a i ey ¥ ' Yy Y M A a a o A Aa ' v
Nﬂﬂﬂﬂﬂlﬂﬂﬂ]uqﬂﬂﬂm‘iﬂﬂquﬂ ﬂal“ll’]ﬂigf]ﬂUﬂ')Uﬂsz@,ﬂﬁ‘Huﬂﬂ ﬂiz@‘ﬂwl“ai femur Wﬁ@ﬂlﬁﬂﬂ?Wﬂix@ﬂ@umq



- SR A da ' Yy =~ 4 2 g 4 g Y 9
ﬂsuﬂﬂﬂlUU tibia Hiﬂ‘t’lliﬂﬂ’ﬂﬂi%@ﬂﬁumm ﬂizﬂﬂ‘wy’m fibula mdlﬂuﬂizﬂﬂ%mﬁﬂﬂﬂﬂ‘uwﬂ ﬂizﬂﬂﬁum‘lﬁ

Y

a s

9 1 QQ’: ] : 9 4 1 IS) Q’ll d'
uaznszgnazti patella TuvhdulndAviunszgnidionseglunuademinduiiy. diunszgailesiiuuseni

Y

E4
=

9 =1 E my 1 @ @ @ 1 oA aq’;’ a ] pr
Yonz Innanideslildegluuuaderdn  duluiauldhdeidndiuneenidnies  ildassiiAoiediei
t 4 '

vy o = o’: a o ' _ w 1 @ 1 a ada ' 1
wﬂsmu ﬂ’lﬂlglﬁ’lllujuﬂu‘llﬂﬂﬂiZﬂﬂﬂﬂﬁﬂﬂﬁuﬂizﬂ'lﬂﬂﬂuﬁﬂﬂ'ﬂ 7 93 ﬂﬂ'ﬂ&{luﬂ'ﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂ'ﬁl'leN

Bones of the Knee

Fepur

Fibulz
Bio

317 2.3 munszgnrain

Tuvaizidoninge yanyuaziou lhlmedmmdwesdowilasendons loadivesnszgn el
v v oA A aqy v A ¥ S\ & o &4 A Y Y A9
nedumas Natied Iindwitionihvideshnuanmin gauyuilszidounavumiemuntin luvaziven

= 9 o A a a =3 o Y1 A 9 v & =} Yy @
HMYgANIDUNUNUNUNYUDABDNAINNIEANNIVY Nmu"lmmmﬂaau"lmmaawwwa@muaufvawmmmu

[
~ o

3 (K] v da 3 o Yy | 1 ' =1
Usegtiulidwdsine wazilumqradingivh Iddeufionlinuniu maizamseenuuy liaunsaasniaoy

o oy oA Y Y X

a ' ' A ' v ° @
MINYUVBIDEITUINA IANNszms  urunszgnesusestedsiiag 2 il lvithanawasilud)

a g

' ' b4 '
nsznousadu lamuiadousnudien sdumiaue tssnukunszgniltadatunszgniidomsindoung

Y
v

a = < A ‘:y dy J q’: Qy SR Vo = Y
‘lummzmmaaua:mwﬂmmaumuﬂsx@ﬂwumua ﬂiz@‘ﬂﬂﬂuﬂdﬁﬂﬁ‘vuuﬂQ)JT@ﬂWﬁulﬂiUﬂQWMLﬁUﬁwhlﬂ
"y 1 1 d' ] q' ] dl "y n’: ‘=y Qy dyd a % aa K &KX A
UINNNVBLVIAIUDU Tﬂmaww:amwmwumgmuiu THUMNIIEFUUIAAANUNITANNIVYDN 339 %Qlli’ﬂfﬂﬁ

' @ ~ s Y aa % ' a o ' 2 2 o aa o <2 o
gﬂmuwwmm:@,ﬂwmasmmmumz@pmun%hmw WANUUNUUDINBIIANTNIEANNLVUINU 2 3 N

TemadouiunInmignoa ladend

N
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Abstact

Hybrid Continuous Passive Motion Machine (Hybrid CPM) is a device used for the purpose of
physical rehabilitation of joint knee after knee replacement by constant extending and flexing the knee. This
device was specially designed with some mechanical parts to lift slowly up the supporter attached with a
patient’s leg. The device can function by 2 modes, motor driving mode and man power driving mode. With
the first mode the user can operate manually the device by pushing control switches. For the second mode,
the device is functioned by human force even without electricity. The leg’s supporter is adjustable for

patient sizing. The angular limit is adjustable to 120° of flexion.
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DESIGN OF CONTINUOUS PASSIVE /ACTIVE MOTION MACHINE

N. Wongnangam, C. Wangwiwattana, K. Chitsakul
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Thailand

ABSTRACT

Continuous, passive motion (CPM) therapy is normally
recommended as first-stage exercise in the postoperative
treatment of joints in the first postoperative week. This
post-operative passive range of motion helps prevent
Jjoint stiffness, edema, soft tissue contractures and muscle
atrophy. It is important, however, to begin physical
exercising of the knee immediately to restore strength
and full range of motion after postoperative treatment by
CPM. We propose in this paper a design of Continuous
Passive/Active Motion Machine (CPAM) in which both
passive and active mode were included.

1. INTRODUCTION

The continuous passive motion (CPM) device is a
treatment modality in which knec joint motion is
provided by a machine without causing active contraction
of muscle groups [1]. Generally the modern machine is
programmed to passively flex and extend the knee joint
through a pre-selected range of motion and rate of
repetition. This post-operative passive range of motion
helps prevent joint stiffness, edema, soft tissue
contractures and muscle atrophy [2]. Consequently many
surgeons utilize CPM following knee articular cartilage
surgery as their standard of practice [3]. After treatment
with the CPM, physical exercises are consequently
necded immediately to restore strength and full range of
motion [4]. We have included, therefore in our design of
CPM machine, the active mode. By this mode the
machine performs as standard horizontal leg press
machine.

2. METHODES

Described below is a design of our CPAM machine. The
machine comprises of three main parts, a controlling
switch box, removable motor driving module and
mechanical module (Figurel). An CAD software was
employed as design and evaluation tool for mechanical
module. In the design, the leg’s supporter carriage is
adjustable for patient’s size. The angular limit is
adjustable to 120° of flexion. The carriage is moved fort
and back by 2 driving methods, motor driving and human
force driving. Both driving modes could perform
continuous passive motion. As limb exercising machine,

carriage is moved backward (flexing) by manual turning
the gear box by a caretaker or the patient itself. Leg
pressing mechanism then performs to resist forward
moving (extending) exerted muscle force by patient. The
motion is resisted by looseness of internal gear
assemblage. However, if more resistive force is needed,
an external gear box with a removable flywheel may be
mounted replacing the motor driving box.

3. RESULTS AND DISCUSSIONS

A lab prototype was constructed form metal sheets. The
sheets, folded as design, were assembled together by nuts
and bolts providing structural assembly sized 0.42 x 1.2 x
0.55 meters with weight of 45 Kg.

The simply motor driving box is constructed as
shown in figure 2. Mounted at extreme end of the
structure, the speed is manually adjusted and directions
are controlled by two push bottom switches. Since using
a simple technique, the programmable mode has not been
available yet. Maximum flexing-extending speed is 1.08
meter per minute and minimum is 9 centimeters/minute.

The prototype had been evaluated by an orthopedist
team at the Nopparat Hospital. The performances seem
being eligible for clinical applications. Unfortunately, its
size and weight were not simply applicable on a patient’s
bed. A special designed trolley may be needed

4. CONCLUSIONS

The design of our CPAM was presented. In this design
the CPM mode, aims for the purpose of physical
rchabilitation of joint knee after knee replacement by
constant extending and flexing the knee. The active mode
was also included, in our design, for using as limb
cxercising machine for the purpose of restoring strength
and full range of motion. At present, a field prototype has
been designed in order to obtain one on which will be
really applicable.
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Figure 1. General diagram of the CPAM.

+24V
L 4
|
Direction Control
Switch

o
Pulse
Generator :L

Figure 2. General diagram of the motor driving box.

Figure 6. Comparing the prototype with a
commercialized one used at Nopparat Hospital.

Figure 3. Lab prototype of CPAM.
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