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Development of new therapy for joint contractures using percutaneous carbon
dioxide application.

Akisue, Toshihiro
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Joint contractures are a major complication following injuries in central
nervous system or joint immobilization. However, no effective treatment has been developed so far.
In the present study, we aimed to develop a novel therapeutic approach for joint contractures using
transcutaneous carbon dioxide absorption. Our findings indicate that transcutaneous carbon dioxide
may improve knee range of motion after injuries central nervous system or joint immobilization. We
also revealed that transcutaneous carbon dioxide decreases muscular and articular fibrosis, thereby
improving knee joint contracture.



€O,

CO,
CO,
CO;,
CO;,
CO;,
(1DCO,
10 Wistar
8
2
CO, 2 4
(2)COo,
10 Wistar
Kirchner Wire
2 4 CO,
1 20
PCR
(1DCO,
2 4 6
1
CO,
2 CO,
2
4
CO;,

nfeE AT ENE [0

s

PGC-1a SIRT1
CO»
2
2
CO,
1 20
PCR
2 4
2 CO,
50
40 | - T
30 |
20 |
0
28 458 258 458
FEERIN A BRI

O ’%E O FEREH
1

W FHEESE+C0: ##



€O,

2
25 r 25
20 | *** 7** = = ** =920 }
15 r EM 15 - * * *

BMEERA ]

[

o o o
—
BB
o o 3
——

2:E 43 2:8 43 28 48 28 4
FEIIIA LI FREHIN A SREEI A
O@&FE OFHESE I ERES+CO
2
CO, 3
PCR TGF-B 1
COL1AL C0,
3 C0,
COL1AL
HRBER  HAHAE OO B A 2
T B R N o5 | it oy -
e Es STy A\? >\\ ”)Z <y T o
LN Y /. % .‘_ =y 20 | =
o

-
(&)1
T

RRONA  FHONA
i ale
o

5F
0
28 48 238 48
FEHEI A HERTA
35 r 35
5 cl w3
A - ¥ _* D)_]BS n
N 2.5 . N 2.5
= 92| = 2 F
o -
< 15} =151
g 1t (Lli_a 1 F
0.5 - i 0-5 | ’l|' ’l|i
0 0
28 43 2,8 458 21E 438 28

FRIEIT A EEHINA FHIEITA BEAA
O @55 O FWESGH B EFHEEE+CO B

CO;,



2 4 2 4
8.81 + 1.19  9.50 = 0.61 9.50 + 0.61 7.46 + 2.37
5.58 + 1.99* 4.67 + 2.04* 7.45 + 1.96 4.57 + 3.00
Co, 5.41 + 1.72* 7.22 + 1.08* 6.76 + 1.66* 5.77 + 2.10
*P < 0.05 vs.
e HEAEE  BIAECO B
< 1
TGF-B 1 s
5
pF‘ — — —_—
TGF-B 1 <
4 =
CO, TGF-B 1 3 L
TGF-B 1 N et — —
CO,
4
TGF-B 1
CO, 70 - -
5260 F ==
B N T
= 50 —
ﬁ —
[@ 40
()co; 30 |
EE 20
2 46 %
| il Nl By
Co, o U
4 23 43F 298 43E
Co, TR A BB A
2 4 O@%s OBODECH B EMEE+CO: B
CO, 5
6
40 40
— T
§730 530 |
=
W20 ¢ I@*j 20 |
B o n . i
10 = 10 |
ol ol e
; 218 438

213 48 28 48 23 4H
FHIEIITA AR A F RIS A BRI A
O@RFA OFEBETH B EMETCo.#
6
CO, 7
PCR COL1A1
TGF-B 1 7 €O, COL1A1

TGF-P 1 C0;



figop:c3 MEEEH MHEE+CO: B
_,7/.:.-_,; | / S A ..\i‘ ‘. BB I : 107
g_ } S i t ML_" RN el o
. , S |
o 2 LN 111
o
r<‘ B e oA > {D“; 10
& y Crdl oS
B B (s ' 5|
5 [
3 O Ly sy
P [ EE 0
218 458 28 4B
FEARII A SBERMA
3.5 e 35 - . ==
W 3 T 3 b = ]
W o5 : a 25 L
= w7
m 2 = o2t .
= = ==
- 1 LL 1 L
0 5]
© o5 T o5 | |-l r ﬂ
0 0
28 4 2B 48 238 45 25 43E
FEEH9T A BENNA FEHRINA SBENTA
O &2 OBHETE W EEET+CO: 8
2 4 CO,
2
CO,
1m
2 4 2 4
8.61 + 1.17 9.11 + 1.15 9.11 + 1.15 8.24 + 0.63
6.08 + 1.11* 4.80 + 1.13* 4.72 + 0.29* 3.64 + 0.52*
CO, 5.84 + 0.48* 4.49 + 0.29* 6.04 + 0.78* 4.74 + 0.23*t
*P < 0.05 vs. T P<0.05 vs.
g S & [ 7E 3% B EE +CO- B
:
COz g
TGF-B 1 N
8 —_— [— R
CO, <
&
£
s
4
CO0, 8

TGF-B 1

CO,



4 4 0 4

Inoue Shota Moriyama Hideki Yakuwa Takumi Mizuno Eriko Suzuki Ryota Nomura Masato Sakai 477
Yoshitada Akisue Toshihiro
Transcutaneous Carbon Dioxide Improves Contractures After Spinal Cord Injury in Rats 2019
Clinical Orthopaedics and Related Research 1934 1946
DOl
10.1097/CORR.0000000000000808
Moriyama Hideki Ozawa Junya Yakuwa Takumi Inoue Shota Wakigawa Taisei Kito Nobuhiro Sakai 57
Yoshitada Akisue Toshihiro
Effects of hypertonia on contracture development in rat spinal cord injury 2019
Spinal Cord 850 857
DOl
10.1038/s41393-019-0312-2
INOUE Shota MORIYAMA Hideki WAKIMOTO Yoshio LI Changxin HATAKEYAMA Junpei WAKIGAWA 23
Taisei SAKAI Yoshitada AKISUE Toshihiro
Transcutaneous application of carbon dioxide improves contractures after immobilization of rat 2020
knee joint
Physical Therapy Research 113 122
DOl
10.1298/ptr.e10023
tl tl I I I I I I tl tl 19
2020
21 28

DOl




15 0 7

Li C, Nomura M, Wakimoto Y, Yakuwa T, Inoue S, Kinoshita S, Tsubaki T, Wakigawa T, Hatakeyama J, Sakai Y, Akisue T, Moriyama
H.

Transcutaneous carbon dioxide improves contractures after spinal cord injury in rat.

13th International Society of Physical and Rehabilitation Medicine (ISPRM) World Congress

2019

Tsubaki T, Ozawa J, Yakuwa T, Inoue S, Nomura M, Wakimoto Y, Li C, Hatakeyama J, Kinoshita S, Wakigawa T, Kito K, Sakai Y,
Akisue T, Moriyama H.

Effects of botulinum toxin therapy on muscles and joint components responsible for contractures after spinal cord injuries.

World Confederation for Physical Therapy (WCPT) Congress 2019

2019

Hatakeyama J, Inoue S, Yakuwa T, Nomura M, Wakimoto Y, Li C, Wakigawa T, Tsubaki T, Kinoshita S, Sakai Y, Akisue T, Moriyama
H.

Effects of transcutaneous carbon dioxide therapy on alterations in muscles and joint components after spinal cord injury in
rats.

World Confederation for Physical Therapy (WCPT) Congress 2019

2019

Wakigawa T, Inoue S, Yakuwa T, Nomura M, Wakimoto Y, Li C, Hatakeyama J, Tsubaki T, Kinoshita S, Sakai Y, Akisue T, Moriyama
H.

Carbon dioxide therapy improves contractures following joint immobilization.

World Confederation for Physical Therapy (WCPT) Congress 2019

2019




24

2019

Sakitani N, Moriyama H, Miyamoto R, Nomura M, Suzuki R, Kohara Y, Mizuno E, Wakimoto Y, Yakuwa T, Inoue S, Shimaya S,
Iwasawa H, Ueha T, Sakai Y, Akisue T

Carbon dioxide therapy improved contractures after joint immobilization in rats.

8th World Congress of Biomechanics

2018

2018

52

2017




2018

Yakuwa T, Inoue S, Nomura M, Wakimoto Y, Li C, Kinoshita S, Tsubaki T, Wakigawa T, Hatakeyama J, Sakai Y, Akisue T, Moriyama
H

Effects of carbon dioxide therapy on the alternations in muscles and joint components following joint immobilization

World Confederation for Physical Therapy (WCPT) Congress 2019

2019

Kinoshita S, Ozawa J, Yakuwa T, Inoue S, Nomura M, Wakimoto Y, Li C, Hatakeyama J, Tsubaki T, Wakigawa T, Kito K, Sakai Y,
Akisue T, Moriyama H

Spasticity is not the sole trigger rather is only the partial contributor of contractures after spinal cord injuries

World Confederation for Physical Therapy (WCPT) Congress 2019

2019

2017




2017

25

2020

Bohr

25

2020

(Moriyama Hideki)

(10438111)

(14501)




(Kawamoto Teruya)

(30420558) (14501)
(Hara Hitomi)

(40437489) (14501)
(Niikura Takahiro)

(40448171) (14501)
(Sakai Yoshitada)

(90397802) (14501)




