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Abstract

BACKGROUND: Resistance exercise not only directly stimulates bone tissue through mechanical stress, but also indirectly regulates bone metabolism by
inducing the secretion of various myokines from muscles.

OBJECTIVE: To investigate the skeletal regulation mechanism of myokines under resistance exercise from the perspective of the whole “musculoskeletal
system.”
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METHODS: We searched for relevant literature published from database inception to July 2024 in the Web of Science, PubMed, CNKI, WanFang, and VIP
databases. The search terms were “resistance exercise, myokines, bone metabolism, osteoporosis, sarcopenia” in English and Chinese. Finally, 59 articles were

included for review.

RESULTS AND CONCLUSION: Studies have shown that myostatin plays a negative regulatory role in muscle growth and development, and its reduction can
promote muscle growth. Resistance exercise may indirectly promote bone health by reducing myostatin levels, but the specific mechanism needs to be further
explored. Irisin, as a newly discovered myokine, has been shown to have a pro-bone formation effect. Resistance exercise can significantly increase the level

of irisin, which in turn may promote the proliferation and differentiation of osteoblasts through the activation of Wnt/B-catenin signaling pathway and other
mechanisms. Matrix metalloproteinase-2 plays an important role in bone remodeling, degrading bone matrix components and promoting the balance between
bone resorption and formation. Resistance exercise may contribute to the maintenance of normal structure and function of bone tissue by regulating matrix
metalloproteinase-2 activity. Insulin-like growth factor-1 is an important growth factor that significantly promotes bone growth and development. Resistance
exercise can increase the expression and secretion of insulin-like growth factor-1, which in turn promotes the proliferation, differentiation and mineralization
of osteoblasts, and improves bone density and strength. To conclude, resistance exercise positively affects bone metabolism by regulating the expression and
activity of myostatin, irisin, matrix metalloproteinase-2 and insulin-like growth factor-1, which can help prevent and treat osteoporosis. However, the specific
mechanisms still need to be studied, thereby further elucidating the overall regulatory effects of resistance exercise on the musculoskeletal system.
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ATHR 3k, B8 ALttt
H W MiE 5, LEF) LIEMIE. &
XA B g AT IR SRR
R AL R =k U R R
W5 AT 5% A 4%, D ShaTAR 4K
FH RS A EiRH G A, EaiR )
Y h B RRGEE . RHE . BRAT. IPENS

BE. BEEREAR . ETMANE. R
m. wEHE, EREANSTRA
Fpt, SFARAAIUILIE SN R E
BRI e, W)E MR B EE KT L
EEE2F, KM F " 4g — 50 [ ALzt
BRI P B BIE Bh An AU IS ST 2
KA d BREZKFORA, HAE
A 8 Bl MR X B HATAAT A BB
ZFHAE X, (50 min 8 F ALK 25 min F g
A7 Z Fa 25 min 3 F AL E AR A ),
8 5Kk; ME F))| it X A B —
Fo o) Z AT L F F 4L fLIE 3 (A .
AR AE. Gl B BNES), B
ZFeFleg A T G ALz B (R,
JEAP R, BEEARF), AR#ATEY
WA F) (EME. FlRE B BT AR
Falg 28 ), R AT A 65%-80% —KFE K
TH, HAHKHATIN, BHEEL
10-12 &, 4 BkA 1 min, % 2 &
AALIEIE B 20 % XA i B R F K
&,

233 MBS KA EEEE B 2
BBk S ITLIE ) 513 M I RE
DY LRARFEBEO 2 FHE,
— R Zh 4 F B 2 Wistar XK R £ & E
T LHAT A A 12 B & B 3 K8 R’
F R RIE B, §i A H 50%, 75%,
90% #= 100% B K AKX Y, ZEWT

—RHER¥EMm30g, ABKXRAABL
R R ARSRAE, GBI, iR
AR REAFE B E OB 2 FHHA
H W, =R K 18 4 F 2 AEE
KR MBI RREREOE 2
Hom, TREE LRI K—KRK
FH AR LRI Sk, L8,
Z.MIE Z) 15 min B BT 2K E i
S48 & 6 B 2 K38 m E )| 4R AT 69
=4 1,

234 RMEHRGEHAEKRE T
169%m ILEFHRZIEFREE
BAKEF1E SRgERN . UF™
WA RE 3 7 K3t Bk § & A+
A KEF169%m, 4 12 A # M
C57/BL6 /s R M4 At BB 4. A &
BHE., FLAE L. 2 FkFHEF
Wk ggE, HoPduFRiE sh £ A £
RN e 75% & KARE ) AT IR #%
k3K, BFSd HE4R, %
R & st @aAatt, 445 i) %4
Ja N RAE B Z AR A KB F 1 mRNA,
EORLBEMEFEFHAEARKBT 124K
KPHH PRI A, 5 3FFiE )
AL, FFLIE ZhAR B A A KE T
1mRNA., BRIk B EFHAAKRAF 1
ZHRAKF L EAHRE. ARAZI F )
BETI0LELFFHRREMRA
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BB EHAKREFLRADY
#oR, WUFLE B 7 R A HATH IR X
PRI % (2 NABIR ), ARKHRRE, F
BIALTFH. MEd. BME. JIRIEER
Fe B TA, FMEL 10K, BEH
65%-70% — K K& 5, HhiEA=sn
1) A BR8] 644K B BT 18] 45 25 60 s Fe
120's, #REKPIMER ZMHIZFhb L
ROEZKF T ELEFAEKRAT 1
R,

2.4 HFREsHBEEANRFXEHBEHY
R FREILAEA A FHERALE,
WA F - AW FABEAH T R fE
WE . UL F) TALGE i AU AL
A BRI AL, BT AdEF A
W ik % LI F 18] 358 4% 7 AXGE
LE 3. &K, B X TRMEZF
F 69 ILE T ok BT B KA 4G B
WE AR MR TR, 452
FliE 3 3% . IR Fedd 4 o 19) 2 LA
FRZEG B LS BRI EM
& - 2K R ABE #—F KT, A
T AIFLIE ) 69 F Bk AT SR
B T WLE F 2B ARG 206

241 FliE i@t Ul A K sl &
P F RS FLIE ) T AL S

Fa L) ALK A K74 F LR E A
8 B m Ak L5 A B IR A B AR

M, Rl ER &, HRF s
M, REERENEGR A, RE
GAE A RILIE S, 3 F AR R RA
#H4k. TANG 5 PU et 297 £ K &
HE 4T 98,1% 20 m/min. R ¥ 35% KR
2, HF6d. ¥4 10 B i £
%, RETRENLARRLEE
B EBEAE R E R Am 8.13%
Fu 57.44%, RN FHAEILE, A
FRRAT K REAT A 8 Bl o i T IRA
Wk, LR R TIRMI %A KEKT
WL A RIpHZ KT, R ETH
T OHERTEMEM S —RARA
it Zsa a1 A R R KRR
8P BT B ALE], R AL A
GEE AT A A SR R 4 A bR SR R B
40, R PR IRIESEIAAT A6 A .
) 6d. Kk 35 min( A 5 min 364
5 2min 8 8k ). i& & 15 m/min. #
FTIURFA T INGE, E22
T, R FIE ghiE AL A K
PpwlERATRMER AR 2B A/
Smad Bl B4 2/3 15 T i@k EH, R
B E Wt/ 4 R & Bl i B 3B/B- £

FIREE |
- = " - .
| ST PGC— 1ot = Mmp-z_f‘r_lmp-z i ‘
\ J FNDCST- BT
! l
~ ¥ LJ
Smad? . MAPK 3] ‘ EREF MIMP-2 T | mTOR B
Wnt /B-catenin BEE l - i

| RAMKL |

r 1 h S

| BHETE. HRESNEN. EEERE

Blid: MSTN G LAIZE KM K, MMP-2 92 i & Jm AL 2, IGF-1 8BS KA KR T 1,
FNDC5 IR £F 3 8 A 45 M B & 82 5, RANKL 9% IR 1 kB Z AR 4k (8] 1AL %, SMAD2 Jly
SMAD XA 57 2, TIMP-2 Jy 2 5 & J& 8 BB Y) 2, MAPK Oy 22 5 AL 3 F A,  PGC-1a

NI EA Y BE R ST AR v FBOE Y 1o, mTOR AW AL InE RILE A,

EiH.

1 iRk

3 | MM EEEENE T FRESERNSINEE

2480 | PEHRTIEHAR | 5530% | 55108 | 20265F48

REGRETES, RERSFTE. &
HASKT R BAY N F R, M@
BB IRAL T 5 6948 SR KRR
Rtz &,

242 MiEzHhiBEHFEFREF
Rt wMESHTFHRE, FEAERAE
& xt B AR A E e AR A
SHAHABI 5 B9 3% 35 Rt s R4 %
PR, SR, B R F R4,
FME F A Andt i 540, H e
B AHRERIK, & HEHAHMEIE
#, 8 Fl THE*k4RET, 54
MLAAR PG, AMLIEZHKIGERZ T )
R R ERZNKFEFIRE, RS
B 3 B B AR 58 BT R B
BARIFER. B —RARIBET
39 F R ZIRE, £FF 21 A
418 A, FTA ZRXFHRATHE 12 )
Y 4R PRI S A i8] BRI %, H P 4|
HhOIERE, REFSXTAL5ME
), MBRES A R T4, RET,
12 B ey F b 7] Bl 4 °T - A+ 2 iR &
MEEHARET L. BEZAAE
AT &M IR B,

243 HMEiEFhid TR F 4R E G B
2R ERM FPLEFHRER S AL
BB G B 2 E M, XAVER A BT 3G A
B 4m e oh A R 49 & %, SHIGUEMOTO
P g e K R h A2
S MIE B AR IR Sh L, Btk
1% M5 h 2B AT A B 12 B 64 TR A 9|
%, RIE T, Hakmmk, &
M. BHEHEXRETEE. BFH
RAAZABE W RBITREE M, A
PR MR B K R R AR R G B 2
EFMEEHG. LH—AFTIE3 A
S 2 K B A 21 A2 F KR 55
A AR FFUIRIE B LE, AT
FHLAHBATER 3 K. A 12 A
N ERMEFH, L HEH 5%,
85%, 95% #F= 100% ¢4 7 4t &, 77, %
RET, RELFEE. tfhm
fST AR & AR AR K AR R R R A B 2N
fimEA, ZEKKIMM %E | R
IR E AR R R R G2 %
Wi, AMEBRERGYREAL
%_ [57]0
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244 FiEHhi@itk B EHEKE
F1AEFRS RMEHBHIRE
EHAKRF L AT
EFE &G @sk, @it mRNA #98F
VABATHEAR 69 £ o T HILA & &
JRH e k. PLE—T ARt 18-25 %
FuEFHEITASE ANG. F.AK
B E AR B RILILIE B, 4
R BT, IKERE AR 4 1E%I
FLiE ) J& X XA i e By F A A KR
FIKFHAG, EHFTHARIFED
(B 45 F Mo A BR B ) B 338 B,
B b, BT VMR fn SRR 1E B 45 A4
AL LIE B) AR AL Y LA R = 6947
%, BIEARIFEFSMERE. ST A
kA £ E %X F LA, PEREIRA & )
4 42 2 C57BL/6 ) Ao A A A 4a,
FAY| ShiA Ay B 2520, 45 R BT,
5 X At ey FEE Sh4EAR, PR
Yt R AR A BRI R P R B
FHAKRETF 1 RLHRIE I,
Jo. B RARBRFE AR ) BRI
YA 38 Jn

*4 | ST RTFAEFERSEE0E

FPELIE 2 F TR F LR T 245 K45
t¥eh, LK 4.

3 REERE

Summary and prospects
3.1 BRI AEZIUTAREVSIEAR]
BENRIR s ghid LR F iR
EERMOARCRFERZRE, £
WUR R & — B RBRANET T T, AL
B A GEIE A F RS ENET (S
BRE. MBEHAKRT LIS )®
ARE) AR B 4%, HLFEIE ) 9T 3 F L
B F ik & ARG, R mAUH] R
R E, PIEHRR TR R FAD
BRI, RERMR T @A DR
WUE F W &# 5, ELHE [ Ak
FIAEAL, FRATAE 5l B0 X B AL
QMESEEEHTRRE, AR
M %5 k) % H BB F eIk
SRR, OF RKIEFME, £
BB - HE I - B AR ¢
R T AR, HARBEEHHSF
2 R AR 09 KT k.

3.2 ZHERRBIFHANRER O%
HME ARG S@ARE “HRILIE
7 CUEF” B XA,
RO A RIrH £, BEE.
RRAeREGOR 2. MEEHLEKR
F 1 2B R4 B AR LR B FIE ) 8
#oh; QB FANA: RASAMFE.
EF. BHHFfE @ FE L PN
7, RN FATILLIE hid 2 LR F R
R BOIAH, @FERMEL: #IER
FELiZ B % UL 1) Ao B 74 69 W E P& AF
R, AT LR R Y E - B R RANE
R T IE.

3.3 ZEERNBIRE O TR E R
Hl: FHSMEF (0 B- BAFTR)
84 ) ALH] R ILIEIE 3h T TR 69 A AR
Y, FEARXARZE; @FFRET
By M Fhag Ty A, B,
FEEFAR DY HARKIE G £
5, TR T B LE R BE

3.4 ZEERNEBEN O 4%hmE
HRIK: B AKIH L. &
RE. RRERBEGN 2 folk 5E 4

BAEE (Fr)  EEE FHRNLEE HiBHIZE BT T4 BENFFE R 128 B3 SLRER AR
7 Jx
TANG®(2022) JifetE SD KRR MRAEK 2GR R RS 35% A FE . fK 40min( #y  &FE 8 A HibHiz i ik 4 WL AE K A0 28 &I T A
MAIE  EE 15 m/min [#I5 & 2min, R 6d WOEF A 524k 2B ! /Smad2/3 {5 5 E k. HFIEE
fk & 2 min) Wnt/B- SEINE (S, A AR M0 H IR KR K
BRI AR
TANG®(2016) e SD KRR WA A K 25 09 30K BRUEE A7 7 38 35% M i & %K 20 min B 10 J8 ki sh g A 20 o7 M &K B = 5]k 0w R
HMIZE U 20 m/min (S 6d &%, BEWINGE, SCHE BN, CRT RGN
JiE R A
YANG®*(2018) T SD KRR WL A K B SR K SRR AT 91 5 35% i &t K 35 min R 6 HERDE S m G LA KA R RIE T
JMIE AR 35 min( & 5 min 1 2 5 2 min 6d W 2 A 524k 2B B /Smad2/3 {55 1l i 5 1
(&K )\ SR 15 m/min {5125 [F) BN 05 Wint/ W 5 B R 3B/B- EMNEE ALE
Sk, DEREEE. MESACE LEED
JiEE g
SHAHABI®(2021) Mt NMRI/NR BREZE  DRESHESEK L m. Bk 80° #K 25 min R 8 JH BB RIS R F I T G R
FIRR T REENE, R 47 S I 3K
KOLTUN"*(2024) FERERAES M SRR AMPiHED): ZiRE k6 A E K 60-90min  FRE 12 StkPUHIE A 12 BB I + B B gl i T2
Ltk 5210 KM 75% — Kk B R IR IS 3K S MG B2, 12 AU + D&l g n] 4%
5, ARG 2 min; X $iHIEE): Th 82 AR ML 55 R
TREE, R, 5B, PR, RS,
M2, BlA(A B BRIE 2 EATA B
{EfAZE
SHIGUEMOTO" MEME Wistar KR e RIWERKR SR EZWRRKRES 7 RIEL R 12 J8 BB YIS E i 5 T 5 R R AR U 2 95 R
(2012) EAR 2 HGEMA 80°, N~ 1.1 mx0.18 m 3K a2 O L (REAOEE AR ) AN 25 O SROK R
B R A L B8 e BTG L SR, A RO O D) BR R
BRI BB, (T S Tk
DE FARIAS JUNIOR®™ 3 Hitt (4E#% ) Il SRR 4E% 5 ZE KRB 7 E 5 A A S s-8 4 A 12 F sHgas FRERRREREREAR 235
(2022) 21 A% (24) HAK2 80°. J~F 1.1 mx0.18 m (MM 4% 38 hiE, 4L 6-8s 31K PR 1 RIEW B PIE, w5
T Wistar K B e EAHKI T4k
BEMBEN"(2023)  f#BRAET M  BRSEA LRREBTEA N R BRI GK60-90min  fEA 68  mMELG IR A FOREER BB &
KT 1 2. AR 23R, 5 3 PR T 1 BRI, ST IR BRI B
TR I %
PEREIRA®(2020)  C57BL/6) /MR RS EAE DRI M E G K 09 m. Bkl Ktk A 8 R pibHizshlid LIS EAERKKT 1RIE F
KT 1 80° HIBS T HEEE, 23t BB 3% LA T kB ZARTEAL R TR /B BT

m

ME AR 6, BERT LA XK
EREEHIVR, FIRSHIHUR AT F Rk
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A KEF 1 AFKEHEE T ag1E R A
WIE Fh e Frm, HBhkA ik T MR
ARt @QIRFIAREA: 5B
Wiz ) 7 XAE B F LR 6% a F
vt — Rt @B EE LS RS E
P E AT FLIE B A LR F A= B 8 69 4F
B, AT TRLR R Y e T ERANR
ISR IE

3.5 RAEREXRFKAEIN Ak
B R K E: QRMHFFR: KA
FLIEIE 238 i3 LA F % oe B A e B
Rig12, GFENLE T8 6948 AR R A
PIEHE, QIR RAK: AR
BB MR BAF R SRR AR, A
& T R AU RS B AT B AX A 69 B 4 4k
B, @4 FEIFRER: WEHELZS
BB FIA L F#ES, HAHE
FE LT B KRRt A2 F 6d 2 R A

B Tlk: EARAHRATIORIE, BRA.
KR, 8. %, RERFA,
FIEMIR: LT o34 F Y, ERH
HRALFRE 2T RFEH BT R,
FFHRENERA : X2 — B AR IR F,
ARIE (FeiR L EFTHILY “F 4 - EF kb
R - AR s KEF 407 3, EEEIA
HERLT, AFHAAIET LM B 6L TR
N4, ARy K, BB AR P
. FE. HN. AR, AT, k. BR
Bk, FAHZET R, AERAGmA
HERLCEMEER R,
REAREELL: S R AT AR & 5 s 3
KE T LF AL,
HARMSE: ZXFRE T EIFRE F 457
BIER A (AARGRFEESHRENTLY
(PRISMA $5 ) L F AT .2+ LR 2%
LKA A AT 3 REE. XFLIRATI
FHERWEFINF, BATIFRGAN E 45647

EAGEE .
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