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ABSTRACT Objective: To investigate the effect of long-term resistance exercise of hindlimb on mechan-
ical hyperalgesia of bilateral masseter muscle in rats with or without occlusal interference. Methods: Six-
teen male Sprague-Dawley rats (220 —250 g) were randomly divided into four groups: the naive control
group, naive exercise group, occlusal interference control group, and occlusal interference exercise
group. The rats in occlusal interference groups (occlusal interference control group and occlusal interfer-
ence exercise group) obtained occlusal interference with 0.4 mm-thick crowns bonded to the right maxil-
lary first molars. The rats in exercise groups ( naive exercise group and occlusal interference exercise
eroup ) performed squat-type resistance exercises for 30 minutes, once a day, 5 days/week, lasting for 14
weeks. Resistance exercise was recorded every day. Mechanical withdrawal thresholds of bilateral masse-
ter muscle were tested per week by use of modified electronic von-frey anesthesiometer. The rats were
weighed per week. After the 14-week exercise, the muscle strength of the hindlimb was tested with a grip
strength meter. Muscle ( gastrocnemius and soleus) weight of bilateral hindlimb and length of bilateral
fibula of the rats were obtained. The muscle-mass/body-mass ratios and muscle-mass/fibula-length ratios
were calculated. Results: Between the naive control group and naive exercise group, there was no sig-
nificant difference in the mechanical withdrawal thresholds of bilateral masseter muscle for the O —4 weeks
(P>0.05). During the 5 — 14 weeks, the mechanical withdrawal thresholds of the rats in the naive ex-
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ercise group were higher than those in the naive control group (P <0.05). Between the occlusal interfer-
ence control group and occlusal interference exercise group, there was no significant difference in the me-
chanical withdrawal thresholds of bilateral masseter muscle for the 0 —6 weeks (P >0.05). During the
7 — 14 weeks, the mechanical withdrawal thresholds of rats in the naive exercise group were higher than
those in the occlusal interference control group (P <0.05). After the 14-week exercise, the body mass
of the rats in non-exercise group (the naive control group and occlusal interference control group) were
larger than those in exercise group [ (462 £6) guvs. (418 £14) g, P <0.05]. And the muscle strength
of hindlimb of the rats in exercise group were bigger than those in non-exercise group [ (6.75 £0.13) N
vs. (5.41 £0.15) N, P<0.01]. Conclusion: Long-term resistance exercise can increase mechanical
withdrawal thresholds of the bilateral masseter muscle in rats with or without masseter muscle mechanical

hyperalgesia.

KEY WORDS Resistance exercise; Occlusal interference; Chronic masticatory muscle pain; Mechanical

hyperalgesia
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Rats were trained to enter the acrylic cylinder through the door, place
their head through the collar, and extend their hindlimbs to obtain a food
pellet attached to a metal rod.
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Figure 1 Rat is taking resistance exercise
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The forelimbs and body of rat was held in the left hand. The hindlimbs
was placed on the metal mesh. When the base of the tail was pulled gen-
tly by the right hand, the hindlimbs of rat would grip the metal mesh.
The force was recorded by a force transducer connected to the metal
mesh.

B2 KREJEEARIH(A) B (B)
Figure 2 A grip strength meter (A) and the method of measurement (B)
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Figure 3 Mechanical withdrawal threshold-time variation cure of bilateral masseter muscle(n =4)

A
160 * e

140

120 |

100

60

Mechanical withdrawl threhold/g

0 2 3 4 5 6

Yook Yook Yok

7

oo Fk Fk Yok

8 9 10 11

Resistance exercise/week

160 * %
140}
120l
100}

80

Mechanical withdrawl threhold/g

60

0 2 3 4 5 6

Yok ook

7

Yok Fok

8 9 10 11

Resistance exercise/week

I The naive control group

B The naive exercise group

Ceclusal interference control group [lll Occlusal interference exercise group

A, left masseter; B, right masseter.

#* P <0.05, a significant difference between the naive control group and naive exercise group. 3¢ P <0.01, a

significant difference between the naive control group and naive exercise group. # P <0.05, a significant difference between the occlusal interference
control group and occlusal interference exercise group. % P <0.01, a significant difference between the occlusal interference control group and occlusal

interference exercise group. n =4.

B4 RS USRI R 1z B

Figure 4 Mechanical withdrawal thresholds of bilateral masseter muscle
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Table 1 Body mass and muscle strength of hindlimbs
after long-term resistance exercise

Ttems Non-exercise group Exercise group P
Body mass/g, x £s, 462 £6 418 +14  0.017~
Muscle strength/N, x £, 5.41 =0.15 6.75+0.13 <0.001 "

n=8; * P<0.05, a significant difference.

R2 ABATEREPE 4SS

Table 2 The evaluation results of hindlimbs muscle

Left hindlimb

Right hindlimb

freme Non-exercise group  Exercise group P Non-exercise group  Exercise group P
Gast/mg 2799 86 2 947 £97 0.278 2 831 +75 2977 +80 0.232
Sol/mg 232 £12 254 £9 0.148 250 £12 253 £9 0.843
Length of fibula/mm 27.13£0.40  26.25+0.45 0.204  27.15+0.42 26.25 £0.47 0.207
Gast-mass/body-mass ratios/ (mg/g) 6.07 £0.19 7.06+0.15  0.001" 6.13 +0.15 7.14 £0.17 0.001 *
Sol-mass/body-mass ratio/ (mg/g) 0.50 +0.02 0.61£0.01  <0.001*  0.54£0.02 0.61 £0.01 0.018*
Gast-mass/fibula-length ratios/ ( mg/mm) 103 £3 112 +3 0.043 " 104 £2 113 £3 0.035"
Sol-mass/fibula-length ratios/ ( mg/mm) 8.56 +0.44 9.69+0.32  0.043" 9.22 +0.45 9.65+0.31 0.447

n =8; values are ¥ £s;. Gast, gastrocnemius; Sol, soleus; * P <0.05, a significant difference.
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$&7R ETH AJ Y5 5-HT A7 40 H BE A5G . A5
B, BTN L 2H XA 5 ATUATL A SR 3850 s o 28] {7 565
5 TR R T25 A BRZH (P <0.05) , & e LR Bt
BEIIZR 20 BB AE 55 7 A T ff K 748 1 e LR 4
(P <0.05) o feERREIC BRI IS M m LIRS 0 2ot BOK BT

KIVGCRE NGRS, B e LR S SR P AR,
ARESE T A A A7 AE 2R LT GABA sl
S5-HT {9 A7 400 il 368 38, 0 BEL YN 2k T LA 35 5 — 3
o AEUR, X T 1E Em UR S SO B, BRI
XA s LA AR i 5 o 1 L 1 2R Pk 52 81 1 5 7K
X i B S S Y I RHL I S Bt — 25 WL R
FERE

Zi LTk, KA BURH IR AT LR AR A R B
A e JL ok AR SRS g LML S o S o

S 30k

[ 1] Soyannwo OA. Improved neuropathic pain treatment in developing
countries-a critical review of WHO essential list [ J]. Pain, 2015,
156(5) ; 763 - 764.

[ 2] Cavalieri TA. Management of pain in older adults [ J]. J Am Os-
teopath Assoc, 2005, 105(Suppl 3) : 12 -19.

[ 3 ] Dworkin RH, O’ Connor AB, Audette J, et al. Recommendations
for the pharmacological management of neuropathic pain: an over-
view and literature update [ J]. Mayo Clin Proc, 2010, 85(3) .
S3 -Sl14.

[ 4] O’ Connor AB, Dworkin RH. Treatment of neuropathic pain; an
overview of recent guidelines [ J]. Am J Med, 2009, 122 (Suppl
10); S22 - S32

[ 5] Latham N, Liu C. Strength training in older adults: the benefits
for osteoarthritis [ J]. Clin Geriatr Med, 2010, 26 (3): 445 -
459.

[ 6 ] Jansen M J, Viechtbauer W, Lenssen AF, et al. Strength training
alone, exercise therapy alone, and exercise therapy with passive
manual mobilisation each reduce pain and disability in people with
knee osteoarthritis; a systematic review [ J]. J Physiother, 2011,
57(1): 11 -20.

[ 7] Strasser B, Leeb G, Strehblow C, et al. The effects of strength
and endurance training in patients with rheumatoid arthritis [ J].
Clin Rheumatol, 2011, 30(5) : 623 - 632.

[ 8 ] Harts CC, Helmhout PH, de Bie RA, et al. A high-intensity lum-
bar extensor strengthening program is little better than a low-inten-
sity program or a waiting list control group for chronic low back
pain: a randomised clinical trial [J]. Aust J Physiother, 2008,
54(1):23-31.

[ 9 ] Kami K, Tajima F, Senba E. Exercise-induced hypoalgesia: po-
tential mechanisms in animal models of neuropathic pain [ J].
Anat Sci Int, 2017, 92(1) : 79 -90.

[10] Cao Y, Xie QF, Li K, et al. Experimental occlusal interference
induces long-term masticatory muscle hyperalgesia in rats [ J].
Pain, 2009, 144(3) . 287 -293.

[11] Cao Y, Li K, Fu KY, et al. Central sensitization and MAPKs are
involved in occlusal interference-Induced facial pain in rats [J]. J
Pain, 2013, 14(8) . 793 -807.

[12] Ze5gg, WA, WRAE, S5 AR T IREOR RH DU UBOR o8 i
R AT SE [J]. PR mEBEEIRE, 2014, 49 (10):
596 —599.

[13] Klitgaard H. A model for quantitative strength training of hindlimb
muscles of the rat [J]. J Appl Physiol, 1988, 64(4). 1740 -
1745.

[14] Norenberg KM, Fitts RH. Contractile responses of the rat gastroc-
nemius and soleus muscles to isotonic resistance exercise [ J]. J
Appl Physiol, 2004, 97(6) : 2322 -2332.

[15] De LA, Pierno S, Liantonio A, et al. Enhanced dystrophic pro-



EIRAR,SF R BUG RIHTBEL I o b P e UL i S g 32

« 27 -

[18]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

gression in mdx mice by exercise and beneficial effects of taurine
and insulin-like growth factor-1 [ J]. J Pharmacol Exp Ther,
2003, 304 (1) 453 —463.

Jr HT, Farrar RP. Physiological hypertrophy of the FHL muscle
following 8 weeks of progressive resistance exercise in the rat [ J].
Can J Appl Physiol, 2004, 29(1): 16 -31.

Alves JP, Nunes RB, Stefani GP, et al. Resistance training im-
proves hemodynamic function, collagen deposition and inflammato-
ry profiles: experimental model of heart failure [ J]. PLoS One,
2014, 9(10) ; el10317.

Lee S, Farrar RP. Resistance training induces muscle-specific
changes in muscle mass and function in rat [ J]. J Exerc Physiol
Online, 2003, 6(2) : 80 —87.

Safarzade A, Talebigarakani E. Short term resistance training en-
hanced plasma apoA-I and FABP4 levels in streptozotocin-induced
diabetic rats [ J]. J Diabetes Metab Disord, 2014, 13(1) ; 41.
Gerrits MM, Van Oppen P, Leone SS, et al. Pain, not chronic
disease, is associated with the recurrence of depressive and anxiety
disorders [ J]. BMC psychiatry, 2014 ,14(1); 187 - 198.

Yazdi M, Yilmaz Z, Renton T, et al. Psychological morbidity in
chronic orofacial pain and headaches [ J]. Oral Surgery, 2012, 5
(4):173 —181.

Weisberg JN, Boatwright BA. Mood, anxiety and personality traits
and states in chronic pain [J]. Pain, 2007, 133(1/2/3):1 -2.
Tamaki T, Uchiyama S, Nakano S. A weight-lifting exercise
model for inducing hypertrophy in the hindlimb muscles of rats
[J]. Med Sci Sports Exerc, 1992, 24(8) ; 881 - 886.

Legerlotz K, Schjerling P, Langberg H, et al. The effect of run-
ning, strength, and vibration strength training on the mechanical ,
morphological, and biochemical properties of the Achilles tendon
in rats [J]. J Appl Physiol, 2007, 102(2) ; 564 —572.
XUAEHR, DRI, e, S5 WA TR ) PR R BRURE R L
HUBR IR 5 U2 [J]. QU= (B , 2016, 48
(1):51-56.

A, B, T, S S TIBOC R A ZUE LA
PR K P BERIAARAR [J]. UM (B , 2010,
42(1): 50 -55.

Merrill RL. Central mechanisms of orofacial pain [ J]. Dent Clin
North Am, 2007, 51(1) : 45 -59.

X, L, sk SNE AR/ RS [ R T B/

[29]

[30]

[31]

[32]

[33]

[35]

[37]

[38]

S AR IR B B IR [T AR BAA4R, 2015, 67
(6): 571 -582.

K, NSRRI T T AN R R 1 08 R B L
[1]. HEPREE A, 2013,19(9) ; 545 -552.

Piao ZG, Cho IH, Park CK, et al. Activation of glia and microgli-
al p38 MAPK in medullary dorsal horn contributes to tactile hyper-
sensitivity following trigeminal sensory nerve injury [ J]. Pain,
2006, 121(3) . 219 -231.

Kuphal KE, Fibuch EE, Taylor BK. Extended swimming exercise
reduces inflammatory and peripheral neuropathic pain in rodents
[J]. J Pain, 2007, 8(12) : 989 -997.

Shen J, Fox LE, Cheng J. Swim therapy reduces mechanical allo-
dynia and thermal hyperalgesia induced by chronic constriction
nerve injury in rats [ J]. Pain Med, 2013, 14(4) . 516 —525.
Koltyn KF, Brellenthin AG, Cook DB, et al. Mechanisms of exer-
cise-induced hypoalgesia. [J]. J Pain, 2014, 15(12); 1294 -
1304.

Chen YW, Li YT, Chen YC, et al. Exercise training attenuates
neuropathic pain and cytokine expression after chronic constriction
injury of rat sciatic nerve. [J]. Anesth Analg, 2012, 114(6)
1330 - 1337.

Bobinski I, Martins DF, Bratti T, et al. Neuroprotective and neu-
roregenerative effects of low-intensity aerobic exercise on sciatic
nerve crush injury in mice. [ J]. Neuroscience, 2011, 194,
337 -348.

Katsuya K, Taguchi MS, Fumihiro T, et al. Improvements in im-
paired GABA and GAD65/67 production in the spinal dorsal horn
contribute to exercise-induced hypoalgesia in a mouse model of
neuropathic pain [ J/OL]. Mol Pain, 2016, 12[2018-10-01].
https : //doi. org/10. 1177/1744806916629059.
Millan MJ. Descending control of pain [ J].
2002, 66(6) : 355 -474.

Bobinski F, Taa F, Cérdova MM, et al. Role of brainstem seroto-

Prog Neurobiol ,

nin in analgesia produced by low-intensity exercise on neuropathic
pain after sciatic nerve injury in mice [ J]. Pain, 2015, 156
(12) : 2595 -2606.

(2018-10-11 Wfi)

(ARG £ )



