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[Abstract] Objective To determine the effects of low-magnitude whole body vibration (WBV) on the
structure and function of subchondral trabecular bones, cartilage degradation. bone/cartilage turnover, and
osteoarthritis (OA) joint function. Methods Knee osteoarthritis model was established in 96 rabbits through left
anterior cruciate ligament transaction (ACLT). The rabbits were randomly divided into six groups: ACLT control
group, WBV+ACLT group (five subgroups, each comprising 16 rabbits receiving 5 Hz, 10 Hz, 20 Hz, 30 Hz and
40 Hz WBYV, respectively, with 2-4 mm amplitude for 40 min/d and 5 d/week over a period of 8 weeks). Joint
function was tested via weight-bearing asymmetry. The microarchitecture of subchondral trabecular bones was
examined using vivo micro-computed tomography (micro-CT). Cartilage samples from knee joints were taken for
gross morphology and histology examinations. Serum samples were taken to detect cartilage oligomeric matrix
protein (COMP), C-terminal telopeptide of type | collagen (CTX)- ] and urine CTX-]I. Results Knee joint pain
decreased with 10 Hz (P<C0. 05) and 20 Hz WBYV treatment (P<C0. 05), but increased with 40 Hz treatment (P<C
0.05). The micro-CT results showed that articular cartilage increased first, peaked at 20 Hz, and then decreased
(P<C0.05). With increased frequency of WBV, the trabecular number, subchondral bone thickness and bone
volume fraction increased, serum CTX-] decreased, COMP and CTX-]| increased, especially at 20 Hz (P <C
0.05). Conclusion Lower frequency (20 Hz) WBV can improve bone microstructure, increase bone turnover,
delay cartilage degeneration and improve limb function of rabbits with OA.
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Table 1 Effects of WBV treatments on LWD, macroscopic and microscopic scores of medical and lateral femoral condyle

Pre ACLT

WBV+ACLT group

Parameter

group (n=12) group (n=16) 5 Hz (n=16) 10 Hz (n=16) 20 Hz (n=16) 30 Hz (n=16) 10 Hz (n=16)
LWD/% 50.11+£1.25 38.11+£4.23% 38.99+3.80% 42.01+£4,29% -+ 43.2543.22%-** 38.651+3.56% 34,20£2.89% -+
Macroscopic score
MFC 5.38+1.32 5.32+0.92 5.31£1.35 5.46+0. 84 5.87+1.17 6.68+1.05*
LFC 3.22+1.18 3.10+£0.78 3.23+1.21 3.43+1.24 3.36+0.86 3.78+0.96
Microscopic score
MFC 13.4342.86 10.6942.45 10.1343.25 9.69+2.33 12.50+4.16 14, 3844.35
LFC 6.31+£1.58 5.94+2.76 5.69+1.71 6.63+3.16 7.06+£2.90 3.50+£3.04

# P<C0.01, vs. pre group; * P<C0.05, % x P<C0.01, vs. ACLT group. LWD: Left weight distribution; MFC. Medical femoral condyle; LFC. Lateral

femoral condyle
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1 FHAXTIREHLEZ Safranin O-fast green B . X25
Fig 1 Microscopic histological examinations of cartilage Safranin O-fast green staining. X25

A: ACLT group; B-F: 5 Hz,10 Hz,20 Hz,30 Hz,40 Hz WBV+ ACLT group, respectively

PEAr 25 R F2 0], MEC 5~20 Hz W 4134 52 TR
M 30 ~40 Hz W41 5 © T #, 5 H 45 R 4
ACLT 2 7 g1t 2% i L. LFC V¥4 45 41 ] 22
S TG AR R AR R A AE 40 Hz WA
2.3 Micro-CT 3%

WE 2 figk 2, gERER.CV BESRL ETHE
8115 WA« B i L7 20 Hz W41 (P<<0. 05) ; Pt.
Th.BV/TV . Tbh. N ¥ ki 45 5 3 fin i 3% i, L 40 Hz
(P<<0.01,P<C0.01,P<<0.05) W 4 i 0 3%, B
THEMEE . Tb. Th LI & Tb. Sp 7E 45 4 d] b 4% &

1E R B2 ACLT (A F 40 Hz T 48 (B) Micro-CT & T 2 # = 4 &
2.4 %/ﬁﬂ%%ﬁﬁ*ﬁ Fig 2 Coronal micro-CT slices of rabbit femoral condyles in ACLT
WEI.HERIKIFIEWCTX-1 & % (A)and 40 Hz (B) groups respectively

®2 MicroCTHRBHER KETHELEUFINER n=16)

Table 2 Micro-CT analysis on cartilage volumes and microstructure of subchondral bone(n=16)

ACLT WBV+ ACLT group
Parameter
group 5 Hz 10 Hz 20 Hz 30 Hz 40 Hz
CV/mm? 2.1040. 21 2.334+0. 34 2.45+0.56 2.5540.35" 2.3640.33 2.1140. 31
Pt. Th/pm 398.1432.3 438.8465.7 445, 6+56. 2 455, 7445, 3* 461.9+48.1* 478.4465,8* *

Subchondral plate density/ 886.44121.6 907.64153. 2 959.5+103.6 992.24103. 4 912.84173.9 954.34129.7
(mg/mm?®)

(BV/TV) /% 0.4540.07 0.50%0.03 0.5140.08 0.540.04" 0.55+0.13" 0.58£0.09" "
Tbh. N/mm 4.1040. 55 4.54%+1.17 4.8940. 89 5.1740.58 5.2141.46" 5.3841.04"
Tb. Th/pm 245.3434.6 241.7%68.5 266.8446.1 283.9484.7 272.1189.4 291.6469. 3
Tb. Sp/pm 288.6+£96. 2 296.3182.4 269.14102.8 314.9+£79.7 307.4464.8 296.5+73.1

CV. Catilagevolume; Pt. Th: Subchondral bone thickness; BV/TV. Bone volume fraction; Th. N: Trabecular number; Tb. Th:

Trabecular thickness; Th. Sp: Trabecular spacing. * P<C0.05, x x P<(0.01, vs. ACLT group
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Table 3 Effects of WBYV treatments on bone and cartilage turnover

ACLT WBV+ACLT group
Parameter group
(n=16) 5 Hz (n=16) 10 Hz (n=16) 20 Hz (n=16) 30 Hz (n=16) 40 Hz (n=16)
CTX-1/% 88.57+17.38 79.42431.58 72.37419.53 61.49+16.50" 59.34+25.41" 52.02+23.06* *
COMP/ % 113.94441.18  106.36429. 47 79.10+32.67  68.41+34,83" 98.38+41.38  124.83+51.94
CTX-1I /(pg/mmol) 82.41+8.74 76.28+13.74 66.25+8.17*  61.79+11.83** 74.17+17.48 88.27419.52

% P<C0.05, x x P<C0.01, vs. ACLT group
THMi ik FRE. DL 40 Hz W4 (P<<0. 01) 28tk Hy
3 s mIR R IC Y COMP fil CTX- I KF-1
SRR S E S N IR WS OF = 4 =)
20 Hz W 41 (P<<0.05,P<0.01),

3 g
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