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[ Abstract] Objective To investigate the effect and mechanism of static progressive stretching (SPS) in different
durations on traumatic knee contracture in rats. Methods Seventy male Wistar rats were randomly divided into three
groups, including surgical modeling group (n=50), control group (CON, no surgery, no treatment, n=10) and trauma
without immobilization group (TRA, no treatment, n=10). The knee contracture model was established, and 50 surgical
modeling rats were randomly divided into five groups including static progressive stretching treatment for 20 minutes
group (S20 min, n=10), treatment for 30 minutes group (S30 min, n=10), treatment for 40 minutes group (S40 min,
n=10), untreatment group (UNT, no SPS, n=10) and modeling group (MOD, n=10, euthanized after immobilization for
histological staining and Western blot). Individuals in the S20 min, S30 min, and S40 min groups were anesthetized and
submitted to SPS. One treatment session took place every other day. A total of 8 sessions were given till the final treatment
session on the day 16. On the day 0, 8, and 16 of intervention, the range of joint motion (ROM) and gait analysis were
measured and compared. After the ROM measurements and gait analysis, the rats were euthanized on the day 16 and the
samples were stained with HE and Masson methods. The changes of pathological organization were observed. Western
blot was used to detect the expressions of transforming growth factor-f1 (TGF-f1) and interleukin-6 (IL-6).
Results (D ROM: the ROM of $30 min group recovered similar to that of the $20 min and S40 min groups after 8 days
of treatment (P>0.05), and was the best among all the surgical modeling groups after 16 d of treatment (P<0.05). The
ROM of S20 min, S30 min and S40 min groups significantly improved on the day 8 and day 16 comparing with that on
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day 0 (P<0.01). @ Gait analysis: the stands in the $30min group improved best on the day 8 and day 16 (P<0.05) , and
better than that on day 0 (P<0.05). The stride length of the S30 min group progressed similar to that of the S40 min group
on the day 8 (P>0.05), and there was no difference among three groups on the day 16 (P>0.05). The stride length of the
$30 min group appeared to recover more quickly on the day 8 (P<0.05), and those of S20 min and UNT groups recovered
significantly on the day 16 (P<0.05). In addition, the swings in the S30 min group improved best (P<0.05), and it appeared
to recover better on the day 16 (P<0.05). There was no statistical difference in terms of the swing speed among the four
surgical modeling groups on the day 8 (P>0.05). The swing speed of the S30min group increased most than those of the
other three groups (P<0.05), and it was much better on the day 8 and day 16 comparing with that on the day 0 (P<0.05 ).
(® HE and Masson staining: the fibrosis and inflammation of the S30min group were significantly suppressed comparing
to the other groups on the day 16. 4 Western blot: The protein expression levels of TGF-B1 and IL-6 were significantly
lower than those in the other intervention groups including the S20 min, S40 min and UNT groups on the day 16
(P<0.05). Conclusion Static progressive stretching treatment for 30 min could significantly improve the traumatic knee
contracture in rats. The mechanism may be that the SPS decreased the expressions of TGF-f1 and IL-6, reduced the

adhesion and inflammation of joint capsule. Therefore it relieved the pain and increased the joint mobility by
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reconstructing the structure of the capsule and suppressing the fibrotic changes.
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Fig1 Confirmation of the Kirschner wire penetrating the femur and

tibia by X-ray
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Fig 2 The schematic diagram of stretching

W: Tensile force to be exerted by the force gage; F: Component of W
normal to the long axis of tibia; L: The length of tibia; 0: Angle between the

traction line and the extended line from the tibia
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Table1 ROM of rats in each group

Group ROMP
0d 8d 16d

$20 min 10 63.40+5.34 83.30+9.78 91.90+7.32°
$30 min 10 66.60+5.42 89.20+8.19° 102.10+6.38*
$40 min 10 64.50+4.40 83.80+5.27° 94.704+5.12°
UNT 10 67.00+6.15 74.80+3.36" 83.00+3.09™
TRA 10 119.40+4.65  121.40+548"  120.10+2.51
CON 10 128.20+4.47°  129.80+2.74°  127.00+6.83
F 352.426 129.767 95.713

0.000 0.000 0.000

*P<0.05, vs. other groups at the same time point; # P<0.01, vs. 0 d in

the same group
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AR A ROM/NFTRAZLHICONZH, TRAZHROM/N T
CONH, ZF A G4 L (P<0.05) . 0d%TF Rk
Z[AIROMZ F G0 1143 L (P> 0.05) . RTS8 dAl
16 dif, S20 min. S30 min. S40 minZHROM 5 TUNTH
(P<0.05). Zf{134Y78 ditt, S20 min, $30 min, S40 minZf
RORAR Y (P> 0.05), &GS 16 AR, 32HHS30 min4
ROMPK A e/ (P<0.05) .

A 2 N AS [R5 e %, 8 dFS20 min, S$30 min.,

$40 minZ{ ROM¥J#50 df5 235 (P< 0.01),16 dif 45 F AR
FEZH#50 dIFROME A 35 (P< 0.01); CONZAT FITRAZ JE
AR WAL (P> 0.05) .

23 BHARTEIMER

231 RKALBNZIEMRAHR WK, 30, TRA
RS HEAE . 2D IR S CON 25 55 T4t i X (P> 0.05) .
TEZMIRIT R, & TR A 2D i B A M [H]
(P>0.05), BUE A CONL FTRAZ /N P<0.05) .
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Table 2 Stands and stride length of rats in each group

Stands/s Stride length/cm

Group n

od 8d 16d od 8d 16d
$20 min 10 0.198+0.104" 0.227+0.104" 0.279+0.078 7.859+1.892" 8.103+2.532" 10.834+3.307°
$30 min 10 0.217+0.119" 0.364+0.160"" 0.404+0.134"" 7.994+2.078" 11.370+2.293%* 10.247+1.584
$40 min 10 0.182+0.102" 0.250+0.074" 0.3130.117° 7.937+1.653" 10.050+2.339™ 10.237+2.225
UNT 10 0.205+0.153" 0.201+0.122" 0.266+0.125" 6.976+2.066 8.175+2.341" 10.117+2.823"
TRA 10 0.425+0.118" 0.438+0.102" 0.426+0.081" 10.111+1.165" 11.844+2.297" 11.038+2.024
CON 10 0.47420.181° 0.456+0.100" 0.482+0.050" 11.132+1.514° 12.230+1.691° 11.519+3.007
F 6.972 5.906 3.158 4.525 6.276 0.351
P 0.000 0.001 0.021 0.002 0.000 0.879

*P<0.05, vs. CON group and TRA group at the same time point; # P<0.05, vs. UNT group at the same time point; A P<0.05, vs. 0 d in the same group

SCHEAHAE IR I 45 2 1) HE AR,

RIS dfille dit

RYERIZH (P<0.05), H 5TRAH ZE R LG 255 8

$30 minZH ik fefd:, P T UNTZ (P< 0.05); S20 minZf %
S40 minZH Pk & KB (P> 0.05), SUNTY K Z ML,
RG24 E X (P>0.05) ., R NAFER S, 8 d
FFS30 minZH > #EAHA0 dift# (P< 0.05) 16 dHFS30 minZH
1S40 minZH#0 disf S HE A A 25 (P< 0.05); CONZH I
TRAZHHEAR WAL (P> 0.05) .

(P>0.05), {HS40 minZA1} 5 CONH E R A G = X

(P<0.05); $20 minZl 23615 L 5 UNT 21 3 A< 4 [H]
(P>0.05); = fiiG77 16 A, 45 F AR AL A IR B E 4k 42
R, T IEHR (P>0.05) . [RIZH AR 23 LA, 8 di
$30 minZH A IREIAYT RIS (P< 0.05); 16 dAJS20 min4]
FIUNTZL40 disf 25 R34 2 (P< 0.05) , HAR 4 4o Il

A W AE [R5 2% 4L 1B] R AT

L, M MiRYTs A,
$30 minZH #1540 minZH ek E i N A B, 6T HAL AT

A ARk (P> 0.05) .
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Table 3 Swings and swing speed of rats

W3, 34 A,

Swings/s Swing speed/(cm/s)

Group n

0d 8d 16d 0d 8d 16d
$20 min 10 0.228+0.082" 0.187+0.051" 0.168+0.046 45.851+19.515°  57.838+20.198" 67.754+19.7337%
$30 min 10 0.222+0.061" 0.160+0.056" 0.119+0.036™" 50.899+21.151°  71.090+19.831""  94.375+12.574™"
$40 min 10 0.225+0.118" 0.159+0.035""* 0.166+0.072" 45.141£19.157°  61.855420.977 74.728+10.021""
UNT 10 0.226+0.121" 0.215+0.071" 0.170+0.046 49.793+16.985  56.470+19.794 66.543+17.422°
TRA 10 0.115+0.017° 0.114+0.017° 0.112+0.016 98.208+23.367°  97.357+10.439°  105.487+15.399°
CON 10 0.100+0.022° 0.09420.020" 0.105+0.015" 102.376+18.263"  104.079+19.815" 110.466+25.362°
F 3.027 4293 4.010 14.276 9.278 7.498
p 0.020 0.003 0.004 0.000 0.000 0.000

*P<0.05, vs. CON group and TRA group at the same time point; #P<0.05, vs. UNT group at the same time point; A P<0.05, vs. 0 d in the same group
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TRAZL RS A FNIE 83 5 CONZ 25 R L4t 438 L
(P>0.05) ., TEZMIGIFRT, 4T ARG IR, 25)
B EEFEAAH [F] (P> 0.05) , UE I CONZ FITRAZL /)
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R ZNAH I 5 25 41 LA, A2 YA YT8 dFFS30 mind
JS40 minZH 85 FL A A [H], YL T UNTZH (P<0.05);
$20 minZH Pk 52 2818 S UNTL 25 7 G0 11275 L (P> 0.05) .
AMIRYT16 dBT, S30 minZIVK & e fE, V3] AL FUNT
#H(P<0.05); $20 minZH % S40 minZH 28 #1145 UNT 2% 5+
TG T3 L (P>0.05) . [R5t 8 ditf
S40 minZH i B AH B BRI A B3 (P< 0.05) 2 TR 1
2 558 di A TCH ARk, 22 5 Iegt it (P> 0.05);
16 diFS30 minZH 450 diFHE S A B 2035 (P< 0.05);
CONHI FITRAZHEA A WAZ AL (P> 0.05)

P28l o [ B 25 48] LA, ZE AR YT 8 di, &4
5 50y R B A B, (B4R T A 2 R 25 57 R4
R (P>0.05); TEAEHIAYT 16 dJ, S30 minZH (35 ]
BAR T HA3ANAYT 4 (P<0.05), 5 CONZH FITRAZ 2%
FIGE A (P> 0.05) ; [FJZH WA RIS 2 LR, 8 it
S$30 minZ {2 3 3 B FA T HTA W] 83 (P< 0.05), X T
AR 5657 T LT B ARk, 22 5 g it X
(P>0.05); 16 At 34347 41500 di 432 5l 1 B 35 4 ol 3%
(P<0.05),

24 BIT16dERARXTRALRELAER

WLIE3, HEJ: (M K MassonJe (0245 SR, 5 HRIKE
M CONZH AH L, il 2 5 8 (3 B2 I B 21, 36 97§ ) 19
MOD4] ., i 16 diRYT N4 F AR LA B 10 Bk
AR AL UG R R, 4T YR 2 2R A 1 IR 2 AR R
M, G EAS AR %, AR e 21 RO Bl 2R iR A,
T3 £ Y 21 2K AR AR B RS M, AT SR Al L £, (]
Jo R LA 1 P 4 A IR, Y TS £ A 20 e o A
L ERSHE R MIGIT 16 AR, TT LA AT 41 56T 4
2T 2 2 2 4 K 4 0E 5 MOD Y M He 39 A i, Hop
$30 minZH itk 7% e R WA S8, UNTZ H 8 2R K 58 0 ek 72
#H, [FJE AR, TRAY S5 CONM HLA 6 B R AE 5 41
YRS o
25 A6 dE XRBEEXTRAATGF-PIEARFRIL

W4, 4. HERERIZ](0 d) FYMODZA K U H
KATREH A TGE-PLE R A A m . 1RY716 dJF, S30 min
ZH TGF-B13RIBFFEAR, IR T FRCONAL Y HoAhZH (P< 0.05);
TRAZ F 54755 T CONZL(P< 0.05) ; $20 minZH 5S40 min
235 5 T CONZL MIS30 min4 (P< 0.05), { T"MODZL
(P<0.05).

HE staining

Masson staining

B 3 HAXTRALBIT16 AFHIHRERE, x400
Fig 3 Pathological changes of joint capsule. x400
A: MOD group; B: 520 min group; C: S30 min group; D: 540 min group; E:
UNT group; F: TRA group; G: CON group. A: 0 d (before treatment); B-E: 16 d
after the treatment

2.6 AT1I6dERBRBREXTEALIL-6cEANEKIE

ULIE S, 4, WEEEIZI(0 d) YMODA K B E
KATRARIL-68E IR K T m . JAYT16 45, CON
UNTH MTRAZIL-65K (11 Kk 22 F LG 112 5
(P>0.05); MS30 minZH /£ T4 41 IL-6 1) 2K 1 3R IA A fik
(P<0.05).
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Group
L S O
9 & & & L S 5
P P & & Mx0)
TGF-p1 - e S — F— 44
GAPDH N -ab &5 = B G & 7

B 4 i&T16 IR SEBRRXTRAL/TGF-pIEARIE
Fig 4 The expression of TGF-B1 in the posterior capsule after 16 d

treatment

F4 SHEBRRXATEALATGF-PIRIL-6EANRIAHENE
Table 4 The protein expressions of TGF-$1 and IL-6 in the posterior

capsule

Group n TGF-B1/GAPDH IL-6/GAPDH
MOD 5 0.586+0.007 0.559+0.008"
$20 min 5 0.215+0.003" 0.418+0.013"
$30 min 5 0.118+0.003" 0.226+0.003"
S40 min 5 0.283+0.005" 0.469+0.031"
UNT 5 0.127+0.003" 0.296+0.029
TRA 5 0.189+0.006" 0.3070.021
CON 5 0.049+0.002" 0.267+0.032
F 4424.597 87.362

p <0.001 <0.001

*P<0.05, vs. other groups at the same time point

Group

& S S
OQ Q§ Q§ Q§
> P P P

IL-6 . -

S
S & = (M, x10°)

b M e — - 55

GAPDH g D G SN &% =9 89

B 5 Brle e SEREX T RFIL-6EARIE

Fig 5 The expression of IL-6 in the posterior capsule after 16 d treatment
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3 itig
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