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Abstract
5he QurQose of thJs studZ Xas to estaClJsh a Nethod of Lnee JNNoCJlJ[atJon assoDJated 
XJth hJndlJNC unloadJnH
 and to JnWestJHate the hJstoQatholoHJDal DhanHes of the Lnee KoJnt 
DoNQonents after JNNoCJlJ[atJon and unloadJnH.
'ortZ Nale WJstar rats Xere randoNlZ dJWJded Jnto four HrouQs� Dontrol HrouQ
 unXeJHhtJnH 
HrouQ
 Lnee JNNoCJlJ[atJon HrouQ
 and unXeJHhtJnH � KoJnt JNNoCJlJ[atJon HrouQ. 5he 
Lnee JNNoCJlJ[atJon Xas QerforNed usJnH eYternal pYatJon. 'or the hJndlJNC unXeJHhtJnH
 
a ,JrsDhner XJre Xas Jnserted at the rat`s Daudal WerteCra and a staJnless steel XJre Xas 
attaDhed to the ,JrsDhner XJre to alloX hJndlJNC susQensJon CZ the taJl.
"fter tXo XeeLs of JnterWentJon
 the CodZ XeJHht and Lnee ranHe of NotJon Xere 
Neasured
 and the hJstoQatholoHJDal DhanHes Jn the artJDular DaWJtZ and KoJnt DaQsule Xere 
eYaNJned. 5here Xas no sJHnJpDant dJ⒎erenDe CetXeen the CodZ XeJHht and the ranHe of 
KoJnt NotJon aNonH the 4  HrouQs Cefore the JnterWentJon. "fter the eYQerJNental QerJod
 
the aWeraHe CodZ XeJHht Xas no statJstJDallZ sJHnJpDant CetXeen theN.
5he Lnee ranHe of KoJnt NotJon Xas no sJHnJpDant dJ⒎erent CetXeen unXeJHhtJnH HrouQ 
and Dontrol HrouQ
 hoXeWer
 JNNoCJlJ[ed HrouQs had sJHnJpDant deDrease Jn DoNQarJson 
XJth non�JNNoCJlJ[ed HrouQs. *n unXeJHhtJnH HrouQs
 the DartJlaHe Xas dJreDtlZ eYQosed 
to the artJDular DaWJtZ
 and the surfaDe of the artJDular DartJlaHe Xas sNooth. ConWerselZ
 
JnWasJon and adhesJon of the HranulatJon�lJLe tJssue Jnto the KoJnt DaWJtZ Xere oCserWed 
Jn KoJnt JNNoCJlJ[atJon HrouQs. JoJnt DaQsule of Dontrol HrouQs and unXeJHhtJnH HrouQs 
Xas tZQJDallZ DoNQosed of Doarse and relatJWelZ loose fJCrous DonneDtJWe tJssues. 5he 
JNNoCJlJ[ed HrouQs Qresented dense DollaHen Cundles XJth narroX JnterstJtJal sQaDes 
and DonHested Clood Wessels Jn all Dases. *n the Lnee JNNoCJlJ[atJon assoDJated XJth 
unXeJHhtJnH HrouQ
 the JnDrease Jn DollaHen pCer densJtZ Xas less oCWJous Jn DoNQarJson 
XJth that oCserWed Jn anJNals of JNNoCJlJ[ed HrouQ.
"lthouHh the ,JrsDhner XJre JnsertJon Js an JnWasJWe JnterWentJon
 the anJNals Jn our 
studZ shoXed JnDreasJnH CodZ XeJHht DoNQared to the CaselJne XeJHht. *n addJtJon
 no 
susQensJon faJlJnH eQJsodes Xere oCserWed aDross the studZ
 thus there Xas no need to re�
susQend or droQ�out anJNals. 5herefore
 the taJl susQensJon teDhnJRue usJnH ,JrsDhner XJre 
reQorted Jn thJs studZ
 Dould Ce safer and a less stressful teDhnJRue of hJndlJNC susQensJon 
DoNQared to other DonWentJonal teDhnJRues.
We also DonDluded the Nethod desDrJCed Jn thJs studZ does not alloX XeJHht CearJnH 
durJnH KoJnt JNNoCJlJ[atJon resultJnH Jn Cetter sJNulatJon of the KoJnt DontraDture 
oCserWatJon Jn DlJnJDal QraDtJDe.
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Introduction
5he NeDhanJDal Dauses of KoJnt ranHe of NotJon 

lJNJtatJon Dan Ce due to deDreased elastJDJtZ of NusDle 
and sLJn and CZ DhanHes of KoJnt DoNQonents1

 suDh as 
KoJnt lJNJtatJon Daused CZ shortenJnH and adhesJon of 
KoJnt DaQsules and lJHaNents.

*n orthoQedJDs
 NeDhanJDal KoJnt lJNJtatJon Daused 
CZ tJssues loDalJ[ed eYternal to the KoJnt DoNQonents 
Js defJned as DontraDture
 and Xhen the lJNJtatJon 
orJHJn Js loDalJ[ed JnsJde the KoJnt DoNQonents
 the 
KoJnt lJNJtatJon Js defJned as anLZlosJs. 0n the other 
hand
 Jn rehaCJlJtatJon NedJDJne
 JndeQendentlZ to 
the NeDhanJDal orJHJn
 KoJnt lJNJtatJon Js defJned as 
DontraDture.

0nDe the KoJnt DontraDture deWeloQs
 Jt Dauses NaKor 
JnDonWenJenDes Jn daJlZ aDtJWJtJes and the ranHe of 
NoWeNent lJNJtatJon Js usuallZ not the onlZ Jssue
 
QaJns often oDDur durJnH KoJnt NoWeNent
 XhJDh 
leads to deDrease Jn NoWeNent
 less aDtJWJtJes and the 
deterJoratJon of RualJtZ of lJfe. 5herefore
 Jn 0rthoQedJD 
and 1hZsJDal theraQZ area
 KoJnt DontraDture Js an 
JNQortant Jssue to Ce treated and QreWented.

/uNerous studJes usJnH WarJous anJNal Nodels haWe 
Ceen QerforNed for the QurQose of DlarJfZJnH DhanHes 
Jn KoJnt DoNQonents after KoJnt JNNoCJlJ[atJon2�10
. 
5hese studJes QerforNed the KoJnt JNNoCJlJ[atJon usJnH 
Jnternal � eYternal pYatJon or Dast JNNoCJlJ[atJon.

5he NaKorJtZ of those anJNal studJes usJnH
 JnDludJnH 
studJes reQorted CZ our HrouQ11�1ý

 utJlJ[ed JnWasJWe 
QroDedures to QerforN KoJnt JNNoCJlJ[atJon and XJth 
Nost of theN alloXJnH XeJHht CearJnH on the KoJnt 
durJnH the JNNoCJlJ[ed QerJod. HoXeWer
 Jn DlJnJDal 
QraDtJDe
 Nost of the KoJnt DontraDtures that needs 
DlJnJDal treatNents are Daused CZ JNNoCJlJ[atJon due to 
Cone or KoJnt dJseases and reduDtJon of KoJnt NoWeNent 
Daused CZ lonH�terN Ced restJnH. *n DlJnJDal QraDtJDe
 
Xhen loXer lJNC KoJnts are JNNoCJlJ[ed as Qart of 
treatNent
 XeJHht CearJnH on the KoJnts Js usuallZ not 
alloXed. *n addJtJon
 Jn Dases of lonH�terN Ced restJnH 
KoJnts Dannot Cear CodZ XeJHht due to the JnDaQaDJtZ of 
QatJents to stand. 5herefore
 anJNal Nodels DonduDted 
so far to assess the JNQaDt of QrolonHed JNNoCJlJ[atJon 
on KoJnt struDture haWe not DonsJdered the effeDts of 
KoJnt DoNQressJon on KoJnt DoNQonents Daused CZ 
XeJHht CearJnH durJnH JNNoCJlJ[atJon and therefore 
the reQorted DhanHes of the KoJnt DoNQonents Jn KoJnt 

lJNJtatJon NaZ not reqeDt the DhanHes that are oCserWed 
Jn DlJnJDal QraDtJDe.

5he QurQose of thJs studZ Xas to estaClJsh a Nethod 
of Lnee JNNoCJlJ[atJon assoDJated XJth hJndlJNC 
unloadJnH
 and to JnWestJHate the hJstoQatholoHJDal 
DhanHes of the KoJnt DoNQonents after JNNoCJlJ[atJon 
and unloadJnH.

Material and Methods
Ethical issues
5he QrotoDols for these eYQerJNents Xere aQQroWed 

CZ the "nJNal Care CoNNJttee and *nstJtutJonal &thJDs 
CoNNJttee of ,ana[aXa 6nJWersJtZ 	"1�122480

 and 
all QroDedures for anJNal Dare and treatNent Xere 
QerforNed Jn aDDordanDe XJth the (uJdelJnes for the 
Care and 6se of -aCoratorZ "nJNals at ,ana[aXa 
6nJWersJtZ.

Intervention
'ortZ Nale WJstar rats 	XeJHhJnH 240�2þ0H
 Xere 

QurDhased froN 4anLZo -aCo 4erWJDe CorQoratJon 	5oZaNa
 
JaQan
 and LeQt under reHular DondJtJons for one XeeL 
Cefore the start of the eYQerJNents. 5heZ Xere housed
 1 
Qer DaHe
 Jn a rooN NaJntaJned under a 12�hour lJHht�darL 
DZDle. 'ood and Xater Xere HJWen ad lJCJtuN as QreWJouslZ 
desDrJCed1ü
. "fter HettJnH used to the rearJnH enWJronNent 
for one XeeL
 the rats Xere randoNlZ dJWJded Jnto 4 
HrouQs
 XJth 10 anJNals Qer HrouQ.

(rouQ 1  Xas the Dontrol HrouQ XJth norNal rearJnH 
and none JnterWentJon. (rouQ 2  Xas suCKeDted to 
hJndlJNC unXeJHhtJnH usJnH taJl susQensJon Nethod. 
(rouQ 3  had rJHht Lnee JNNoCJlJ[atJon JnterWentJon 
usJnH eYternal pYatJon. (rouQ 4  had Coth JnterWentJons
 
hJndlJNC unXeJHhtJnH and rJHht Lnee JNNoCJlJ[atJon as 
desDrJCed Jn (rouQ 2  and 3.

*n J t Ja l lZ
  a l l  ra ts  Xere anaes thet J[ed us JnH 
JntraQerJtoneal QentoCarCJtal sodJuN JnKeDtJon
 	dose� 
40 NH�LH
 and oQerated for Lnee eYternal fJYatJon or 
shaN oQeratJon under sterJle DondJtJons. 1rJor to the 
surHerZ
 XeJHht and QassJWe Lnee ranHe of NotJon Xere 
Neasured.

*n thJs studZ
 the ,nee 3anHe of .otJon Xas 
deterNJned as the Neasure of the eYtensJon lJNJtatJon 
anHle Xhen hJnd lJNC Xas Qulled Jn the Daudal dJreDtJon 
XJth 1  / forDe aQQlJed CZ a Nanual forDe HauHe. 5he 
Lnee anHles Xere Neasured usJnH a staJnless steel pnHer 
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HonJoNeter as desDrJCed Jn QreWJous studZ1ü
.
(rouQ 3  and (rouQ 4  rats Xere JNNoCJlJ[ed at 120 

deHrees of Lnee qeYJon usJnH eYternal pYatJon for rJHht 
Lnee 	'JH.1
. 

5he anJNals of (rouQ 2  and (rouQ 4  had a 
,JrsDhner XJre Jnserted at the rat`s Daudal WerteCra. 5he 
XJre Xas Jnserted aQQroYJNatelZ 2 〜 3 DN froN the 
taJl Case aWoJdJnH the JnterWerteCral dJsDs 	'JH 2
 3 
. " 
staJnless steel XJre Xas attaDhed to the ,JrsDhner XJre 
to alloX hJndlJNC susQensJon CZ the taJl. 5he lenHth 
of the staJnless steel XJre Xas adKusted to susQend the 
hJndlJNC DertJfZJnH that theZ Xould not touDh the DaHe 
floor
 hoXeWer not too hJHh to alloX free NoWeNent 
and free aDDess to food and Xater Jn the DaHe usJnH 
the front lJNCs. 5he hJndlJNC susQensJon Xere 
LeQt throuHhout the eYQerJNent and no susQensJon 
faJlure oDDurred durJnH the eYQerJNental QerJod. 5he 

eYQerJNental QerJod Xas 2  XeeLs for all HrouQs. "ll 
anJNals had free NoWeNent and free aDDess to food and 
Xater durJnH the eYQerJNental QerJod.

Specimen preparation
"fter the eYQerJNental QerJod
 CodZ XeJHht and 

QassJWe KoJnt ranHe of NotJon of rats Jn all HrouQs Xere 
Neasured under anesthesJa. 5hereafter
 the anJNals 
Xere euthanJ[ed XJth oWerdose of sodJuN QentoCarCJtal 
JntraQerJtoneal JnKeDtJon. *NNedJatelZ after euthanasJa
 
theJr rJHht hJndlJNCs Xere dJsartJDulated and dJsseDted 
out froN the hJQ KoJnt for hJstoQatholoHJDal analZsJs. 5he 
area of the Daudal WerteCra Xhere the ,JrsDhner XJre 
had Ceen Jnserted
 Xas also dJsseDted for (rouQ 2  and 
(rouQ 4  rats. 5he dJsseDted rJHht hJndlJNCs and taJls 
Xere fJYed Jn 10� Cuffered forNalJn and deDalDJfJed. 
"fter deDalDJfJDatJon
 the Lnees Xere Dut oWer the 
saHJttal Qlane at the leWel of the anterJor and QosterJor 
DruDJate lJHaNent and the taJls dJWJded at the leWel 
of ,JrsDhner JnsertJon. 'olloXJnH neutralJ[atJon XJth 
ü� sodJuN sulfate solutJon. 5he sQeDJNen`s fJYatJon
 
deDalDJpDatJon
 and neutralJ[atJon Xere LeQt at 4ˆ for 
þ2 hours. 5he sQeDJNens Xere eNCedded Jn QaraffJn
 
seDtJoned at 3  ЖN
 and Nounted on NJDrosDoQe slJdes. 
"ll seDtJons Xere staJned XJth heNatoYZlJn and eosJn 
staJns and used for oCserWatJon Jn a hJstoQatholoHJDal 
eYaNJnatJon. HJstoQatholoHJDal analZsJs Xas QerforNed 
to the artJDular DaWJtZ
 and the QosterJor KoJnt DaQsule.

Statistical Analysis
5he statJstJDal analZsJs Xas QerforNed usJnH *#. 

4144 4tatJstJDs for WJndoXs 	WersJon 1Ā.0.1
 *#. CorQ.
 

Figure１ :  Using the external fixation, the rat hind limb knee joint 
was immobilized at flexion position.

Figure1: Using the external fixation, the rat hind limb knee joint was immobilized at 
flexion position. 
  

Figure２： A Kirschner wire was pierced into the rat coccyx and 
a stainless steel wire was inserted. At this time, took 
care to avoid the intervertebral disc.

Figure2凬A Kirschner wire was pierced into the rat coccyx and a stainless steel wire was 
inserted. At this time, took care to avoid the intervertebral disc. 
  

Figure3：X-ray findings of the rat's tail.Figure3؟X-ray findings of the rat's tail. 
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"rNonL
 /:
 64"
. ,nee ranHe of NotJon anHles Xere 
analZ[ed usJnH one�faDtor analZsJs of WarJanDe 	"/0V"
 
XJth #onferronJ Qost�hoD NultJQle DoNQarJsons. " Walue 
of Q�0.0ü Xas aDDeQted as statJstJDallZ sJHnJfJDant. "ll 
results are reQorted as Nean ʁ  4%.

Result
"ll anJNals surWJWed the eYQerJNental QerJod. 3at 

Lnees and Daudal WerteCra shoXed no WJsJCle sXellJnH at 
the end of the JnterWentJon.

5here Xas no sJHnJfJDant dJfferenDe CetXeen the 
CodZ XeJHht and the ranHe of KoJnt NotJon aNonH the 
4  HrouQs Cefore the JnterWentJon 	5aCle 1 
. "fter the 
eYQerJNental QerJod
 the aWeraHe CodZ XeJHht Xas 321.1 

 ʁ28.ü H
 30þ.ü ʁ  20.0 H
 321.1 ʁ  28.ü H
 2Ā3.8 ʁ  38.Ā 
H for (rouQ 1  to 4
 resQeDtJWelZ
 and no statJstJDallZ 
sJHnJpDant dJ⒎erenDe Xas oCserWed CetXeen theN.

5he Nean of the ranHe of KoJnt NotJon Xas 31.8 
 ʁ 3.8
 32.ý  ʁ 3.8
 ýü.8  ʁ ü.ý
 ü8.ý  ʁ 3.1 deHree for 

(rouQ 1  to 4
 resQeDtJWelZ. 5here Xas no sJHnJfJDant 
dJfferenDe CetXeen (rouQ 1  and (rouQ 2
 hoXeWer
 
JNNoCJlJ[ed HrouQs 	3  and 4
 had sJHnJpDant deDrease 
Jn the Nean of the ranHe of NotJon Jn DoNQarJson XJth 
non�JNNoCJlJ[ed HrouQs 	1  and 2
.  5here Xas also a 
sJHnJfJDant deDrease dJfferenDe CetXeen (rouQ 3  and 
(rouQ 4  	Q � 0.001
.

Histopathological changes in the joint cavity and 
posterior joint capsule.

*n Control (rouQ 	(rouQ 1

 the DartJlaHe Xas 
dJreDtlZ eYQosed to the artJDular DaWJtZ
 and the surfaDe 
of the artJDular DartJlaHe Xas sNooth 	'JH. 4a
. *n 
(rouQ 2  Xhere hJndlJNC susQensJon Xas QerforNed
 
there Xas no DonsJderaCle DhanHes Jn the KoJnt DaWJtZ
 
DoNQared to the (rouQ 1  	'JH. 4C
. ConWerselZ
 Jn 
(rouQ 3  	 KoJnt JNNoCJlJ[atJon

 JnWasJon and adhesJon 
of the HranulatJon�lJLe tJssue Jnto the KoJnt DaWJtZ 
Xas oCserWed Jn all anJNals 	'JH. 4D
. *n (rouQ 4
 

	 KoJnt JNNoCJlJ[atJon � hJndlJNC unloadJnH

 loDalJ[ed 
NeNCrane�lJLe struDture of DartJlaHe surfaDe laZer Xas 
oCserWed 	'JH. 4d

 and adherenDe CetXeen HranulatJon�
lJLe tJssue and artJDular DartJlaHe Xas found Jn ü  out of 
10 anJNals 	5aCle 2 
.

*n addJtJon
 Jn HrouQ 1
 the KoJnt DaQsule Xas tZQJDallZ 
DoNQosed of Doarse and relatJWelZ loose fJCrous 
DonneDtJWe tJssues 	'JH. üa
. *n (rouQ 2
 as Jn (rouQ 1
 
HaQs Xere oCserWed CetXeen the DollaHen pCers
 XhJDh 
Xas relatJWelZ loose 	'JH. üC
. 5he JNNoCJlJ[ed HrouQs 
	(rouQ 3
 Qresented dense DollaHen Cundles XJth 
narroX JnterstJtJal sQaDes and DonHested Clood Wessels 
Xas oCserWed Jn all Dases 	'JH. üD
.

HoXeWer
 Jn the KoJnt JNNoCJlJ[atJon and unXeJHhtJnH 
HrouQ 	(rouQ 4

 the JnDrease Jn DollaHen pCer densJtZ 
Xas less oCWJous Jn DoNQarJson XJth the oCserWed Jn 
anJNals Jn (rouQ 3  	'JH. üd
. "lthouHh no WJsual sJHns 
of JnqaNNatJon Xere oCserWed on the Daudal WerteCra 

Table１: Changes in bodyweight and range of motion (*: p<0.05).

*

Q�V� 

Table1: Changes in bodyweight and range of motion (*: p<0.05). 

  

 Before intervention After intervention 

 Body weight Range of motion Body weight Range of motion 

Group1 293.7±16.7 28.4±3.4 321.1±28.5 31.8±3.8 
Group2 287.6±27.8 26.6±3.1 307.5±20.0 32.6±3.8 
Group3 280.6±18.6 26.2±4.0 314.4±15.7 65.8±5.6 
Group4 284.9±19.1 30.0±2.3 293.8±38.9 58.6±3.1 

Figure4 :  Control Group (Group １), the cartilage was directly 
exposed to the articular cavity (Fig.4a). In Group ２, 
there was no considerable changes in the joint cavity, 
compared to the Group １  (Fig.4b). In Group3, invasion 
and adhesion of the granulation-like tissue into the 
joint cavity was observed in all animals (Fig.4c). 
In Group 4, localized membrane-like structure of 
cartilage surface layer was observed (Fig.4d).

 F: femur, T: tibia, M: meniscus, Scale bar =１mm

Figure4: Control Group (Group 1), the cartilage was directly exposed to the articular 
cavity (Fig.4a). In Group 2, there was no considerable changes in the joint cavity, 
compared to the Group 1 (Fig.4b). In Group3, invasion and adhesion of the 
granulation-like tissue into the joint cavity was observed in all animals (Fig.4c). In 
Group 4, localized membrane-like structure of cartilage surface layer was observed 
(Fig.4d). 
F: femur, T: tibia, M: meniscus, Scale bar =1mm 
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Xhere the ,JrsDhner XJre Xas Jnserted
 hJstoloHJDallZ a 
NJld neutroQhJl JnpltratJon Dould Ce oCserWed 	'JH ý 
. 

Discussion
4eWeral KoJnt JNNoCJlJ[atJon Nethods that Dause 

DhanHes Jn KoJnt DoNQonents haWe Ceen reQorted so far
 
hoXeWer
 Jn those studJes onlZ JNNoCJlJ[ed the KoJnts 
Xas QerforNed
 alloXJnH the XeJHht CearJnH on the 
lJNC. 5he alloXanDe of XeJHht CearJnH QroCaClZ results 
Jn Qressure aQQlJed to the JNNoCJlJ[ed KoJnt durJnH lJNC 
NoWeNent XJth qoor DontaDt.

*n addJtJon
 WarJous hJndlJNC unXeJHhtJnH anJNal 
Nodels to studZ dJsuse NusDle atroQhZ has Ceen 
reQorted1þ�21

 hoXeWer
 feX studJes haWe reQorted the 
CodZ XeJHht DhanHe. :aNauDhJ and DolleaHues 1þ
 reQorted 
that rat`s taJl susQensJon for 3  XeeLs sJHnJfJDantlZ 
deDreased CodZ XeJHht Jn 4  Nonth�old rats
 hoXeWer 
thJs deDrease Xas not oCserWed Jn 20 Nonth�old rats. 
*n another studZ that utJlJ[ed QJerDed ,JrsDhner XJre 
Jnto the rat`s Daudal WerteCra to susQend the hJndlJNCs 
reQorted a sJHnJfJDant XeJHht loss Jn the susQensJon 
HrouQ1Ā

 XhJDh Dontrasts XJth the oCserWed Jn the 
Qresent studZ XJth no statJstJDal dJfferenDe Jn CodZ 
XeJHht aNonH all HrouQs after the eYQerJNental QerJod. 
5hJs Dan Ce due to the hJndlJNC susQensJon heJHht
 
XhJDh Xas set to Ce as NJnJNuN as QossJCle
 Kust the 
enouHh to aWoJd the hJndlJNC DontaDt to the DaHe qoor. 
5hJs Nethod also alloXs free trunL NoWeNent and less 
DonstraJn NaJntaJnJnH anJNals Dloser to the norNal 
QhZsJoloHJDal DondJtJons and DonseRuentlZ resultJnH Jn 
less stress and less XeJHht loss. "s a result
 althouHh the 
,JrsDhner XJre QenetratJon Js an JnWasJWe JnterWentJon
 
anJNals utJlJ[ed Jn our studZ shoXed JnDrease CodZ 
XeJHht DoNQared to the CaselJne XeJHht. *n addJtJon
 no 
susQensJon faJlJnH eQJsodes Xere oCserWed aDross the 
studZ
 thus there Xas no need to re�susQend or droQ�out 
anJNals. 5herefore
 the taJl susQensJon teDhnJRue usJnH 

Table２: Histopathological changes in the joint cavityTable2: Histopathological changes in the joint cavity 
 Invasion of 

granulation-like tissue 
into the joint cavity 

membrane-like structure 
of cartilage surface layer 

Adhesion of granulation-like 
tissue to articular cartilage 

Group1 0 0 0 

Group2 0 0 0 

Group3 10 10 10 

Group4 4 7 5 

The numerals represent the number of individuals. 

Figure5 :  In Group １, the joint capsule was typically composed 
of coarse and relatively loose fibrous connective 
tissues (Fig 5a). In Group ２, gaps were observed 
between the collagen fibers (Fig 5b). The immobilized 
groups (Group 3) presented dense collagen bundles 
with narrow interstitial spaces and congested blood 
vessels was observed in all cases (Fig.5c). In the joint 
immobilization and unloading group (Group 4), the 
increase in collagen fiber density was less obvious in 
comparison with the observed in animals in Group 3  
(Fig.5d).

  ▲▲▲ : vessel, △△△ : adipocytes, ↑↑↑: Gap between 
collagen fibers (Typical examples), Scale bar =２00μm

Figure5: In Group 1, the joint capsule was typically composed of coarse and relatively 
loose fibrous connective tissues (Fig 5a). In Group 2, gaps were observed between the 
collagen fibers (Fig 5b). The immobilized groups (Group 3) presented dense collagen 
bundles with narrow interstitial spaces and congested blood vessels was observed in all 
cases (Fig.5c). In the joint immobilization and unloading group (Group 4), the increase 
in collagen fiber density was less obvious in comparison with the observed in animals in 
Group 3 (Fig.5d). 
▲▲▲: vessel, △△△ : adipocytes, ↑↑↑: Gap between collagen fibers (Typical 
examples), Scale bar =200μm 
  

a b

c d

Figure6:  There were no visual signs of inflammation 
were observed on the caudal vertebra 
where the Kirschner wire was inserted.
Scale bar=２mm

Figure6: There were no visual signs of inflammation were observed on the caudal 
vertebra where the Kirschner wire was inserted. 
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,JrsDhner XJre reQorted here
 Dould Ce safer and a less 
stressful teDhnJRue of hJndlJNC susQensJon DoNQared to 
other DonWentJonal teDhnJRues.

*n a QreWJous studZ usJnH JNNoCJlJ[e CZ Jnternal 
fJYatJon
 the DartJlaHe NatrJY dJsaQQeared at the 
DontaDt surfaDe
 and no DhanHe Xas oCserWed on the 
NatrJY of the nonDontaDt surfaDe
 Cut soNe fJCrosJs 
Xas oCserWed Jn the surfaDe laZer2
. *n another studZ 
that used eYternal pYatJon of raCCJt hJndlJNCs for the 
QurQose of JnDreasJnH Qressure on artJDular DartJlaHe
 
artJDular DaWJtZ lost
 thJn DartJlaHe on load surfaDe
 
and deDreased staJnJnH of DhondroDZte nuDleus Xere 
oCserWed3
. *n our QreWJous studZ
 DastJnH and unloadJnH 
JnduDe̳ JnWasJon of the HranulatJon�lJLe tJssue Jnto the 
DartJlaHe1ý
. *n the Qresent studZ
 load and Qressure Xere 
aQQlJed to the KoJnts durJnH the JNNoCJlJ[atJon. 4JNJlar 
pndJnHs suDh as KoJnt artJDular DaWJtZ lost and DartJlaHe 
NatrJY lost Xere found Jn the (rouQ 3  	JNNoCJlJ[atJon 
and no hJndlJNC susQensJon
. 5haYter reQorted that 
KoJnt JNNoCJlJ[atJon usJnH Jnternal pYatJon resulted on 
soft tJssue QrolJferatJon and adhesJon
 Cone neDrosJs 
or ulDeratJon
 hoXeWer Xhen JNNoCJlJ[atJon Xas 
assoDJated XJth unXeJHhtJnH
 Cone neDrosJs or ulDeratJon 
Xas not oCserWed and those KoJnt hJstoloHJDal JNaHes 
Xere sJNJlar to the JnJtJal DhanHes oCserWed Jn KoJnt 
JNNoCJlJ[atJon 22
. 5hese fJndJnHs Dan Ce DonsJdered 
sJNJlar to pndJnHs oCserWed Jn our eYQerJNents 	(rouQ 
4  fJndJnHs
. 5he artJDular DartJlaHe does not DontaJn 
Clood Wessels and nerWes and the nutrJtJon Js DonsJdered 
to relZ on dJffusJon of sZnoWJal fluJd XhJDh floX Js 
assJsted CZ KoJnt NoWeNent23
. 5herefore
 nutrJtJon 
suQQlZ to DartJlaHe and dJsQosal of NetaColJtes reRuJres 
JnterNJttent load and reHular KoJnt NoWeNent. 5hJs 
nutrJtJonal and NetaColJD DharaDterJstJDs Dan eYQlaJn 
the aCsenDe of DhanHe Jn artJDular DartJlaHe Jn (rouQ 2  
XhJDh had no KoJnt JNNoCJlJ[atJon JnterWentJon Jn sQJte 
of unXeJHhtJnH. 0n the other hand
 after QressurJnH 
the KoJnt and DartJlaHe
 deDrease Jn the staJnJnH 
QroQertZ of DartJlaHe nuDleus and DartJlaHe NatrJY
 
and DartJlaHe fJCrosJs Xere oCserWed Jn 5rJas studZ4
. 
0ur results suHHest that the unXeJHhtJnH state desQJte 
KoJnt JNNoCJlJtZ 	(rouQ 4

 the DhanHes Jn the KoJnt 
DoNQonents are NJld and loDalJ[ed
 and the sustaJned 
load on the DartJlaHe affeDts Hreater DausJnH DartJlaHe 
NaKor DhanHes 	(rouQ 3
. 5hose results lead to the 
need to reanalZ[e the DonWentJonal Nethods that haWe 

not Ceen DonsJderJnH the XeJHht CearJnH e⒎eDts durJnH 
KoJnt JNNoCJlJ[atJon onDe Jt Dould Ce an JNQortant 
faDtor JnfluenDJnH the Hreater DhanHes of artJDular 
DartJlaHe.

*n the QosterJor KoJnt DaQsule
 fJndJnHs of fJCrous 
densJpDatJon and Clood DonHestJon Xere oCserWed after 
KoJnt JNNoCJlJ[atJon 	(rouQ 3
. 4aNe fJndJnHs Xere 
found Jn our QreWJous studJes11�14
. HoXeWer
 Jn the 
unXeJHhtJnH assoDJated HrouQ 	(rouQ 4

 the DhanHes 
Jn the KoJnt DaQsule Xere too NJld and no notJDeaCle 
dJ⒎erenDes suDh as the artJDular DartJlaHe DhanHes Xere 
oCserWed DoNQared to the free loadJnH HrouQ 	(rouQ 3
. 
5hese faDts suHHest that JnduDed DhanHes Jn artJDular 
DartJlaHe and KoJnt DaQsule after KoJnt JNNoCJlJtZ NaZ 
haWe dJ⒎erent Dauses and NeDhanJsNs.

ConsJderJnH that the DonWentJonal researDh Nethods 
to studZ the effeDts of JNNoCJlJ[atJon alloX XeJHht 
CearJnH durJnH the eYQerJNental JnterWentJon
 the 
Nethod desDrJCed here does not alloX XeJHht CearJnH 
durJnH KoJnt JNNoCJlJ[atJon and resulted Jn Cetter 
sJNulatJon of the KoJnt DontraDture seen Jn DlJnJDal 
QraDtJDe. We CelJeWe the fJndJnHs reQorted here Dan 
DontrJCute to further understandJnH Jn KoJnt DontraDtures.

Limitation
*n thJs eYQerJNent
 ,JrsDhner XJre Xas Jnserted Jnto 

the rat`s taJl and Jt Xas aCle to susQend the hJndlJNCs 
for 2  XeeLs
 Cut Xe do not DonprN hoX lonH Jt Dan 
last Jn QlaDe. 5hJs Js JNQortant CeDause the JnDreased 
CodZ XeJHht Dan result Jn oWerloadJnH the taJl durJnH 
susQensJon
 XhJDh NaZ result Jn JnqaNNatJon. *t Js also 
neDessarZ to LeeQ Jn NJnd the JNQortanDe of JnfeDtJon 
QreWentJon and others QotentJal DoNQlJDatJons that Dan 
deWeloQ Jn lonHer QerJods of taJl susQensJon.
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