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[Abstract] Mandibular condylar fractures are common injuries in oral and maxillofacial surgery. The unique ana-
tomical structure and mechanical environment of the condyle render its fracture healing process distinct from that of
long bones. Parathyroid hormone (PTH) and its active fragment PTH(1-34) (such as the drug teriparatide) are among the
few clinically available agents with bone-anabolic properties, and have shown promise in fracture repair. However, the
anatomical and mechanical discrepancies between the condyle and long bones raise doubts as to whether the efficacy of
PTH observed in long bones can be directly extrapolated to condylar fractures. Elucidating how mechanical loading
modulates the bone remodeling effects of PTH within the specific mechanical environment of the mandibular condyle

thus constitutes a critical entry point for addressing this question. This review summarizes recent advances regarding
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how mechanical loading influences PTH-promoted healing of mandibular condylar fractures from three perspectives: the
mechanical sensitivity of condylar fracture healing, the molecular mechanisms by which PTH regulates bone remodel-
ing, and the synergy between mechanical and pharmacological interventions, with the aim of clarifying the existing mo-
lecular evidence for mechanical-PTH synergy derived from long-bone and in vitro models, and critically evaluating the
feasibility and limitations of extrapolating these findings to condylar fractures. Evidence from long-bone fracture models
and in vitro mechanical loading systems indicates that mechanical loading modulates the direction of PTH-mediated
bone remodeling through the receptor activator of the nuclear factor-«kB ligand (RANKL)/osteoprotegerin (OPG) axis and
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt)/glycogen synthase kinase-3B (GSK3B)/nuclear factor of
the activated T-cells c1 (NFATcl) pathway, an effect that exhibits marked intensity- and time-dependent characteris-
tics. Nevertheless, critical challenges remain in this field, including the standardization of quantitative mechanical load-
ing parameters, the accumulation of direct evidence from condyle-specific fracture models, and the in-depth elucidation
of the regulatory mechanisms governing mechanical-drug synergy. Future research should integrate finite element analy-
sis, standardized mechanical loading techniques, and single-cell omics to establish a quantitative relationship between

mechanical parameters, cellular responses, and PTH effects, thereby providing a theoretical basis for optimizing postop-

erative masticatory load management and PTH administration strategies in condylar fractures.

[Key words] mechanical loading; mandibular condylar fractures; parathyroid hormone; osteoclast; bone re-

modeling; PI3K/Akt/GSK3B/NFATcl signal pathway; mechanical dependence; masticatory stress

J Prev Treat Stomatol Dis, 2026, 34(9): 906-916.

AR BRI IR T AN O B SR A B Ay, 2
LM AR E RS EEAAMIIEE . REosib
5 Meta 73 #t (PROSPERO {5 : CRD42023488662)
Bon, T E R BT &R T 29.3%
BT i A AR R R — R A R g S
R e N = R N S E i I 2
i HRYT PR T LR A B T O S R AR
% {4 (PROSPERO ¥ Mt %5 : CRD42017052346)"* .
I TG 18 2 ] Ayt o7 o7 =X, A 2F N Aol R R i At
PR R B A R AR Y S . I R [l A
PEWFIE CUE SRR 8 1 ) # PR B i I A 1
PREED,

FOIR 22 B 3 & (parathyroid hormone, PTH) [
6 VE R B PTH (1-34) (57 A K ) AT I8 25 48 3 B
BB E, A A B g g
LRGN o AR LON — e R 1 A7 SR 2
TER BT 0 52 ), g 2% 07 far AT G 5% PTH (98 & B
RSN TR 22 2 ] 3 00 55 AR . Woolff
FE TS B S S MR ) T R R A 5
SO0 AR B S A L ) AR R R 2 R AR
I 3, 3X A g 2 R AeT 5 PTH Y 245 BRAE J 52 1
BN SR S AT o 2 vt B AL X R 56
(ClinicalTrials.gov {1 15 : NCT00190944 ) £ iIE 5L T
PTH 7E K& BT IRIT

PTH %5 25 WML 5 07 2% 17 fap (%) 15 1 28 5 % i

5 45 JR) A7 E T 35 00 R k- B AR e T
(AR i B i) Wi 15 PTH 5 J7 22 0 28
BN . 2 A 5 B (PROSPERO {E i 5 -
CRD558868 ) [LAL 1 Z F B I i A b 00 e B 4 i
TR R, B PTHI 32 A 8l 50) (R Sz i Jik A el
B 3% JOK ) 249 AT A A4 AR AT B 47 DXL, G o T 2 39 Ok A
[ A [ N g 10 = o T T s s VAL €
JIRTST O T N SR R B TR YT T A R G R
HE— 2L PG TR TR AR BT R0 5 45 R B
AR IT T ARAE DA A S5 W& 25 B AR 5 w1
TRAFIRIT AR S IR T AR R AL B I b AT AT 4R A
RAFRCR IRIT PR AR 251 5 )2 R
B HRA T IUARNE H £ 32 306D, — TR L BR
i %5 (Clinical Trial Registry of India {¥ i} %5 : CTRI/
2019/07/020148) L %% 1 PTH 54 4 $2 HU ) 42 3k 25
B T LS RO RIOCR | e B 2 ] hn s i i s
W WS RS, AELARE ST R IR R 1 I i B T Bl
GRS R G R S
AW 2 A W) BRI 5T 38 8 T ) A5 5 4%
B U O HLEN, PTH 5 Wnt/B -catenin {5 5
SN R (S AR Ak 7/ R7I N T/ S e o =
T A RIS S

AR SCERAR )2 0 far 5% W) PTH A2 2E N 67 0 58
(EE /I el R i DN S i S DR e
B U KA A kB 32 AT A R T AR R R



REEBmFIA 2026598 $H34% HoM
+ 908 + Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

(receptor activator of nuclear factor- kB ligand/osteo-
protegerin, RANKL/OPG ) ili F1 % A5 ik AL B 3- 354 B/
A A B DA N 3B /4 L T i A% X T
cl (phosphatidylinositol 3-kinase/protein kinase B/gly-
cogen synthase kinase-3 beta/nuclear factor of acti-
vated T-cells ¢1, PI3K/Akt/GSK3B/NFATc1 ) il % 14
PHAEHLG o TR A b BRI B SR SR IR
B 1) T AR BRSO B AT AN B4 R AT R S R BRI, O
P iy 24 T A A R ) S BB~ TR R

1 THEBRREBEFTDENNEHEME
1.1 THEREGMINEME N FIRKE

TR R S 3 T E v A RO, RO RO
TE, BTS2 RN A1 0 nE g e A Y
JER ] 2 4E R B RIE & 5 e 8 B 5%
(GR35 7 e NI [ o i L = = e S N = '
HESEE MR SEIR YT ISR O ) 2 S A B
Mk S A,

ASTR) T 1] 9 7 2 5004 X5 30CE T B B9 5% T A7 7E
2255000 A RRIC A B vl a2 PR A [ [ e Ty =
B WAy 71 2 T B BRI AL S 10 W 1 3 A TR
ik et T PTH 34 0B 2 09 8RR 08 T i i a far 2
XTERSE S 2R 9T R g B 18 0 o A, el
25| JIE I R/ BRI ) o A B2 IE ARG, i B
25| il B EER W

A ST S 1 ) 2 g 2 EEALHE - O W R
N ] —— W G A% 5 2 R 5 B AT v 9 R 46 2 ey, 2
A R 3 O 2 i R LR W R R
S (G VR T ] R LR B 5 (D nH g
541 TN 1] 3z B AR TR g 3R T Y BY
VIR I3 o 546t K i W98 vb i 0% il 1) 7 i 28
fif 6 R 58 A BRI s Sy /b UL R SE AR N 7
YY1 1R T
1.2 THAEREFFALSIR PG HFRAE

T RS T G R 2 ) RRE BRI
R H 9 R A D S B B RS KB AN R R,
ARG LA T Y S R HEZ T
LI A8 Y s A8 1 B i e B, o R T B T S0
ANESOT v R R 1 1 2 R R A5 AR R )
AB 1 7 2 B 5 S B i ] g 2 T SR I e
[i8) 2 J57 1 240 ML AE 7 2% RO 1 AR pL R 2 45 31 &
el R B A T 2E Ik i vk A g E— 2 8 R
Th% S5 fariz e /LR,

B A0 AR R B 4 2 B 32 Y ) 2 BT A

JL Gl S R T A R N e UG T
3o BRI A2 MR R 7 A BT R I A 4 (ran-
sient receptor potential vanilloid 4, TRPV4 ) Fl [+ H1 7Y
ML AR 2 1 18 2 F 1/2 (piezo-type mechanosen-
sitive ion channel component 1/2, Piezol/2) 2 & 40 1
R E LA ) F AR T AR TEBR R, TR
PR RN R AR R A T B TR
PRI A S e . IR U f e g S
RANKL #RIKK T3 25 S5 A B (55 . 54
1, AL 72 BR 5 I G b i e s T
AR, B 4598 2R A KA SRS TR S
B R BAAZ e SR 2 TR M5 52 T 3RS IR 4 55 16 A
T LT - 1RGSR T S e
U Shy B O 2 T R R R A0 M Y B 43
PR AL 7T Y 2 1 A
1.3 B R X T AR R R AT S0 h

SO PA Ry b I BB oR (B NER A DR S
TN T R B S R S, W) B
JE A G B R B O, ARk
GG VL D) A A B VR AT XU 9
WEL Mg 7 iy T A A ) L 1 28 496 o 3.6 4, T+
I 385 560 2 A5 A, AR B 2 B ) UL 1) 3
PRI s AN [l 2 A0 g 2 6 Ay (Tl P 5
) X B SO ) S R TR AT TE 22 50

F 5T W, AR e B 300 Al 45 A A1 £ Ay nEL g )1 2
REINSE T SUE BRSSPI DRI A A R OT Ay
BT S8, A [ RE g g 2% 4R T 8RO i XN )
O AR AEAE 3 28 S, I BT P A 2 B
W 7 B ELEAE T SR, AR IR R S AR
AR IR AT+ A R I R PSR 2 i 2 e, B
A WTIE 22 LA W) 88 1 A (] 4 5 e MEL W 7 i
1) e =2 F 1 47 S ST s ) = ) EE AT B

EN TR N AV S YRR R AN 27
R %) 5 P R A, 1 ok = R B e S P
J15 28 VRN A R 3 fED) B9 58 S bn ifE—— 2
BT 5 LA 38 R R e AR i B AR
R R E RO . B TR E
3 35 3 2 DU B ) BRI BT, 2 W) 5 0 2
Z Y E RO R M R AL . AR ST AR
A BRIT 0 45 G 1A A 0 A8 I A, S ST ) A - T
WS- BRI ) Z A E BEOC AR . R MIERD L, B
A HEL VG 55 18 ) T A DG B miRNAs AT B 18k 34
T2 BT B AR WIAR S, A3 T TR 0% B
B PPAG R A 1R 8



ORE&MHGE 20265F9R $£34% FoM
Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com + 909 -

2 PTHREBHMAEHIFEES FHLH
2.1 PTH & &8 45 A

PTH X B A AV FH 52 50 S AT (o) A< 6 - 35
S e 7] S A T IO TRD B AR D) SR R
20 B, 38 Ao AR 0 A R A A 1 R AR Y
J1 R N Jia SR AR B B O i T A A
H14IE 52 PTH AT 1 3 SRY & %% 5% I F 9 (SRY-box
transcription factor 9, Sox9) . II AY g J5 ol %% (colla-
gen type I alpha 1 chain, Col2al)Jf T 3L 4 )&
= M 13 (matrix metalloproteinase-13, MMP-13) .
X 7B J5L (collagen type X, ColX) , fi& #F T il i #E %
Begma . wEA S LUE T PTH 24 %
TR R TR A R .

BEAh , PTH Al 3 i 75 %7 55 w] AU E mTOR £
{f (rapamycin-insensitive companion of mTOR, ric-
tor ) /W L 3 W) 74 % 55 ) #0L2K 1 & 5 ) 2 (mechanis-
tic target of rapamycin complex 2, mTORC2) iffl [ fi¢
HE B 6 ] ST 5T T 4 M AR S R AR
YRR I 4R Y BB A R 1 (Indian
hedgehog, Thh) {5 Sl LS5 T ix—id 2, [
WOPE PTH IR Y7 2 al 75 8 4F ZE 4 VA P A 2 vp e
MRE R — TG F PTH IR YT B 4T 438 A4
ANELE B R GE LR IR O Hol PRV B AR T R IR AR
P SR, bR AL TR AR R A 56 AT
J R T B Y HAE NS i R
R 3 P 1 R RS o
2.2 RANKL/OPG % f£ PTH A 4% 7 B 3 P 49 AR 41
(¥

RANKL/OPG FUAR 2 i W Wit 1 9 % 00 45
BT PTH X HE 9 2 HL A B[] 4 S AR 2% AR it
P BT A R0 R E OPG L I RANKL, & 45
PPOPEAVE IR AR % ) 2 RCR L PTH U 2
RANKL # ik T+ 5 RANKL/OPG FLAH , 3K 3f i B 41
JEE A CRE LSS 3795 ) o B 4 ML I 7 RANKL 7£ PTH
e B R AR R

PTH 75 18 H 40 Ml 73 16 A [ By B2 RANKL Al
OPG Iy I 42 7 I A7 AE 22 50, Z R 28 4 0 T
FIRA] B 75 P85 RANKL/OPG L AE . Wong 251
Z Y M T GSK3B 7 RANK/RANKL/OPG 15 5 ™
PR LD EAE T, SR, L& RANKL/OPG 4
P 2 2 Bk A R DR R B /N BB R A
T AE BRI B R PR, PTH X RANKL/
OPG B e 4 72 75 12 IAH [ B g s A, 1 G B
PSR UEYE X R E 3 9 H AR Y R

2.3 PI3K/Akt/GSK3B/NFATc1 i& ¥ & PTH i % 5%
i) P R N (Y

NFATcl J& 5 40 i 43 fk i 207 670 0
Moon 45 JIE ] Akt/GSK3B/NFATe1 2% 1k J2: BK 5 %
B A o A A RO B B . PTH Sl 40 L 4
Jfg 2% 1 A9 PTHL 52 {4 45 45 J& b RANKL &3k,
RANKL 5 % 15 Hi 1< 48 M 2% i1 RANK 45 & J5 00 i
ﬁg 7N ?% {z[g AH 9§ ¥ 6 (tumor necrosis factor
receptor-associated factor 6, TRAF6) {55, #E 1 J5 3)
PI3K/Akt 3 % . 3% 1k 1 Akt B 2 1k GSK3B - 417 il
O S R U 55 X NFATel /Y B iR 1k, {2 it
NFATe 1 A% 5 Ar S T 200 18 53 1 Ak DAL A 2 Sy 8Tl
[z, GSK3B i P 41 56 WU 366 1o 9 12 A NFATe1 fie i
SR, I A B O A

e Sh . O-N- & Bt # #% #% (O-linked N-
acetylglucosamine, 0-GleNAc) B3 b rl £ 7 NFATel
R 5 BIK 20 BB 2 B 4460 . PTH 38 AT 3 R 175
S A -CREB 4 45 5% S JE TG I 1 2 (salt-
inducible kinase-CREB-regulated transcription coacti-
vator 2, SIK-CRTC2) {5 5 il 8 #% RANKL % 377,
Notch {5 5 il % L 2 5 T PTH & B &N .
PTHI1 32 (455168 40 i vh A I AL B 45 52 31 5¢
EVE LR A PRI R E TG AR
TRAE HT i T B ISR IE A R 0 — P Bk
2.4 PTH AR B 2R 64 20 B 5T HUH]

PTH B HAE FH T i B 240 i 0B 40 B, 41 1 184 5
Ak A T, 30T Wnt/B -catenin i #%1, i
o A1 ) 2 I R R A R R 2R 1 T -3 (caspase-3) 4k
R H A M A s B AR M R b PTHI 32 4 e i
PTH HJ3

PTH 38 52 1 1) #5375 5 9l 42 1) 20 £ 1 26 S M
1t T 4/5 (histone deacetylase 4/5, HDAC4/5) Fl
CRTC2 1 5 {1, 73 %1 4] 2 B Ak 5 11 Al RANKL 3%
IR K ) Wt B B 5 TR 1 X RN Gt
— TEHEFMEHE T Z T . PTH Y TEEIE
2R 0 B8 Ak 2 15 O, O AT e R 6 ) TS I
T 440 i A R A WA B R T RBOR ) . Thomsen 451
i Y (B BRCPE PTH R 20 i 2% 0 F A7 41 Jif 2 B0 )
PR MMNE . AN SR RN T
PTH i J8 8 28007 14 2 ML )2 1T 5 52 P ——PTH {5 %5
TE SR A0 1 % 2R v % 50 3 52 Bk 5 4 J A T 14 19
Kiwfi 4, H PTH(1-34) fie 2F 59 1B i 72 vh 29 50%
FH 2B 200 B Sk T 1 R 0 B TR, AE T A R
g, TRl Tl BT S A 4R JZ | PTH R



A BB B ia
* 910 -

2026 E9 8 #F34%H FoHi

Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

AT 240 LRI B A L ) A8 B R AT R R T
SA% (AR SCHLHN A TR A A BR .

25 A F-PTHW R AETEEF @5 &L
" 2
gih LR BT, S5 s 5 PTH AE T 6l B 3R
YA P EEE T IE - E A
W2 (15 1) o PTH BTG B 40 M R0 B 20 M 3% T
PTH1 52 & J5 , — J7 1 i i 5 @ @ B 1F (eyclic
AMP, cAMP)/%E [ 1% Biti A(protein kinase A, PKA)
TR A A AR5 T U, BRI B L S B AL 4/5
W2 AL, #1054k 85 11 R 3K, i B X Wnt/B -catenin
i AR R 5 — T A
RANKL . T~ OPG, #& & RANKL/OPG {8 , 37
B BT 4N 2 1 RANK, J& 8/l TRAF6/NFATe1 {5 5
3 QI g = P A R AV K- <3 =R

28 A RO ) 2 UGS T 38 3 (TRPV4 | Piezol/2)

pr = RANKLJOPG <~

11
TRAF6

Low mechanical

Gy~

«— PIBK/Akt pathway ——__

load

Pi

!

M5, B PTHI 3Z KR E IR i H m ) L 2F &
3z [ B T TR PI3K/Akt 1 22 24 50T A6 AR 1
bl (mitogen-activated protein kinase , MAPK) e
PTH {5 5 3 22 19 F 7 38 5% , 3 50 PTH 19 14 35 5%
Nt JE 4% RNA (non-coding RNA , ncRNA ) {44
i 17 K ## JE g% #5 RNA (long non-coding RNA, In-
¢RNA) /3 R RNA (circular RNA, cirecRNA) /{0 /N
RNA (microRNA, miRNA)/fZ ffi RNA (messenger
RNA, mRNA) ¥ 45 il 76 i 7528 b A 8 G SR
circRNA/miRNA [ 2% % PTH N 715 53 1% 10 5% 5%
Je W AT R A B T A T A

PACE:Z R -0 B SR Y S R AL
B 20 R R Ak 2K P 2 A B A0 PTHI A2 K R 3k,
P PTH {5 5 00 56 5K 2l i 3 2 38 B, DT
ShAS A By e .

PTH «—

PTH] receptor

N

! High mechanical load

@+~
()
(Gswapt
Pi

|

@

| ey
1

1

|

~

Upon PTH binding to PTHIR, the cAMP/PKA axis modulates salt-inducible kinase (SIK) activity, thereby regulating sclerostin (SOST) expression

and the RANKL/OPG ratio. Mechanical signals, transduced via TRPV4/Piezo1/2 channels and integrins, converge on shared downstream cascades,

including the PI3K/Akt/GSK3 B pathway. The intensity of mechanical loading dictates whether PTH signaling is biased toward the osteogenic (Wnt/

B -catenin) or osteoclastogenic (NFATc1) direction. The arrows indicate the following: —, promotion/activation; —| ,inhibition/suppression. PTH:

parathyroid hormone; PTH1R: parathyroid hormone type 1 receptor; cAMP: cyclic adenosine monophosphate; PKA: protein kinase A; SIK: saltin-

ducible kinase; SOST: sclerostin; RANKL: receptor activator of nuclear factorkB ligand; OPG: osteoprotegerin; RANK: receptor activator of

nuclear factork B; TRAF6: TNF receptorassociated factor 6; NFATcl: nuclear factor of activated Tcells ¢1; TRPV4: transient receptor potential

vanilloid 4; Piezol/2: piezotype mechanosensitive ion channel component 1/2; Wnt/Bcatenin pathway: Wingless-related integration site/( -catenin

signaling pathway; PI3K: phosphatidylinositol 3kinase; Akt: protein kinase B; GSK3p: glycogen synthase kinase 3 beta; FAK: focal adhesion ki-

nase; HDACA4/5: histone deacetylase 4/5. This figure is an original work by the authors, created using Microsoft PowerPoint 2021, and was not pro-

cessed with any generative artificial intelligence tools

Figure 1

Core signaling pathways through which mechanical loading influences PTH-promoted healing of mandibular condylar

fractures
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