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Abstract

Diewpite Lhe suecess in clinken] applicntion, the exaet mechanism o shock wave thecapy remaing unlinown, Wo hvpothesized that
shock wuve (herany induces the ingrowth ol neovaseularizolion and improves bloo supply o the lisies, Fhe pavpose of this scady
wis to vestigate the eleel of shock wive therapy on neosascularization ol e lenden one juncion. Filly New eakand white
rabints with body seight ranging from 2.5 to 3.5 kg were used in this study. The righe limb 1l stody side) received shock e ve
herapey to 1he Achilles tendon neaethe msertion o bone, Uhe left limb {the concral side] received no shock wave therupy, Biopsics of
the terdemn—bone funelion were performed in & L4, 8 une 12 weshs, The numiber ol meo-vessels Was examined microscopically with
hemu e vlin—gosin stain. Meovascularisalion was conliomed by e aogiogenic markers meluding vesse] endothelial geowth actor
IVEGE) and endolhctial nivic oxide synlhuse (eNOS) expressions und endotheling vell prelilerution detennined by prolileraling celb
roclesr antipen (PONA) expression examined mizcrescopicully with immunchistochemical stains. The resulls showed that shock
witve therape prodoced a signeficantly higher mumber of neo-vesscls and anglogenesis-relaed markers incloding cWOS, VEGF and
1 NA than the cootral without shoek wawe treatmeant, The e N ard VEGE hepan o sise in 25 ewly a3 one week and remained
Biady [or § weeks, Then declmed a1 12 weekss whereas The inereases of PO A and nee-vossels hepan ar 4 weeks and persisted for |2
vk Tt comclusion, shock wave therapy induces (e oeroesth ol neoviscularizn on desootatio with sarly release of Angiogenass-
rizlatzel markers sl the Achilleg leodon bone junclion in rubbils, The neovaseulavization may play o role Lo improve ploed sepply
und ossue regenerition al the fendon bons junetion.
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[niradoetion il showk wave therapy in our experiences ranged from

0% for noon-unions of long bome Mractuces [39) Lo 907

In clinical application, extrgeorporeal <bogk wave
thetapy hus shown cffect in the treatment of ceriain
orthopedic conditions  incfuding nov-union ol long
bone Mmactore [21,30,32,37.39], caleifving tendomiis of
the shouhder 11527303342, lateral epicondylitis of
the elbow FEOI2 2428 34) prosnmal planusr Tzt
[ 1920, 2529 und Aclulles wudenitiy [24), The success
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lor temdinepalhies of the shoulder, elbow and hewl
100342 To paiemis with caloifying endoniug ol the
shoulider, radiographs showed that 58% of the caleium
depesits were complewely eliminated afler shock wave
therapy [42]. In addition, the short-lerm results of shock
warve Lhurapy 1or avascybsr neorosis of the femoral hoad
appeared ancouraging [L6]. Shook wave therapy alsa
showed o positive offeed m opromatie bone healing i
anmel experiments [8.9,11, 12,18 22 40,44 46

Despite The suceess in Sindea] applicidion, the exac:
mechanism of shock wave therapy remains unknown. ln
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fraviete non-unions. it was speculaied that shock wave
therapy produces micro-frueiure which inoturm causes
hamatoms formacion and subsequent callus formation
atl eventual fragture healing £7.11,14.22], For tendino-
pathy, i£ was postulared that shock wave therapy
provoekes prinlul level of stimulation, and relisves pain
due to wendinepathy wt the wendon-bane junction by
hyper-stimulation  analgesia [14,17.22 23,26 28,33 34,
37 Huowever, there were insullicient dats o sopporl
gither theory, The resulis of our experiments in dogs
demonstrgred that shock wave therapy erhanced nea-
vanenbarizalion al e wnden bone juaclion (310 Meo-
vasculirization was reported to be o association with
painfud wudinosis and may be responsihle Tor pain in
chranic Achilles tendinosis [3.22]. Tlowever, we specu-
lategd That [he ressoms ot the dissalution of caleium
deposits after shock wave therapy in caleifving tendo-
miiz gl the shoylder may involve 4 moleculygr mechy-
mstn of absorplion doe to mproved bloed supply. We
turrher hyvpathesized that shock wave therapy may have
Le polenbind Lo induee The ingrowth ol neovasenlarza-
tion and improvement of blood sopply that lead 1o tis-
sy regeneryglion. The purpoie ol this study was Lo
Investipate the effect of shock wave therapy oo neovas-
cularization al the tendon bone junciion ol 1he Achilles
Lendons e rabhils.

Muterials and methody
AR et silenk i TR

Iy stuidy wews approved by the foeiiotienas ] Review Beard. and
wit. pertiveoed under the auidclines and cape of gpimals in rescanch.
Bty Mew Aoitland white rabbics with body weiphl tanping Bl 2.5 1w
1.3 by wore used in thiz study. The might limb receiveld shock wie
Uwraps Lo the Achilles endon oeiar the inseclion site to the heel hane,
dand was desigharc ns the study side. The Lef limb receivsl no shock
wave therapy, il was desippated os the cobro sids

The rabbit was anaschetizad warh ketamnine (30 meXkep and phe
ol it Q30 kol foo the pucpose of reesiving shock wave nppli-
citliam, The rabbit was placed in prime posilion with the eight Teel up,
The shoch wave Lbe was fecusad co e Achilles fendon newr che
imsertion sits b tke Bael Risne and the depth ol the leaunent was
determined by e contral gudde and confistned with O-amm imapee.
Aurgiee] Jubmicale was applied 1o the azen o skin in ¢onrace with the

shack wave lubg, Esch of the siudy limb secsived 300 impulsae of

shich wiaven ul 14 LY tequivalent 1o 0012 wlinm=) in 20 min 1 the
right Achilss mndan nzar chy insertien site, Fhe shock wave dosage s
selevied wie Pasel vu the eapetionce of cur provions animal swlis,
(i da]. Tmmestissely alier shock wave therapy. the tight ko was
ciwiched Jor awelling, edema. hemarrhage and matiom of dthe iiob, ™
apacndl pretoction on the vichy limboor resbiciioe of activiiis was
prrovides] Toe rahlil was reouroed tache nousinpe sge ond was caced
Juz by a velerimias .

Flietammierpiiolessio ol chasesmon

Tupaics ol the Acgoles teedon bome units were perfosmed kL
48 anad 12 weshs with 180 cabbits at each e inteeval. The st mopsy
waz olbtaingd in 21 hoalrer shock wave Ltherany, The specimens were
Misend in e bulered pagafermildelizde for 48 b and docwleifed in PRS-
Buffzred 1064 EITTA Duecaleibed specimens sere etzitodu@lls cut
ke S sechions and oanslerrad 1o pale-lyine-coded slides. The

nmather il blood vessels inclodimz capillasies and musosriagd vessgiy
weers erATnined mmgragenpicnlly, and gueantiwlvily sseseed in S5 ureas
of o Bone junction fromn s sections ol the biopsy speciioens.
A prafessienal patnolivgist bincded o0 the rressmenr regimen perfommed
EIe ENCASUCCEEnTs S ai soelions uoder 0. nieuilication.

Tenpasisiedisice e ste e

Fav the puvposze af condinning neavascolarization, the angioeenic
marhers incluling vesel anlothelial groweh facior (Y ECGIFD sl on-
dnrheljal nit<e exide svnthgec (ohO%) were eeammined micrescopically
wilty inmcbustocheistcy slaioes worellect the mediabors (o nea-
visrulansaazien [2,.35). Detcetion of preliferating ec? anigen PO A
was chosen we reflect endothelial cell replicatioe [19] lcooua-ieae
1mly in spocimens was demanstraied vseg harsenslisn peroaidiase
{HED)-3- F-diaminebenzidiee (DAY coll and 1ssne slaining kil
(R&ED Syslems, [ne, Minneapolis,. MM USA) in accordanse willl
manufaeiress nstruchons. AlGer hlocking endogenoss peronidadase
and nen-specific biondice, sectisng were incubated avcraightl with the
antibeilles =1 4 ¢, Peleclonal aniibodies wsed Tos inucrunahislo-
chemistry were anti-c™MOS, anh-VEGE and anti-PORA (Linstate
Biotechneleoy, Lake Placid, WY, USAL Sections weie (urthar iocu
hazed with mwtinelased amti-gown 1els ansd then inenbawe) with simep-
Lawidinn condupdied Lo HEPD Do reactivity wus determined oy
ncubating che sections in o chronwogen selution comaining TRAH and
0,10 eedrogen perosida in the dark, fellneesd Dy corcizrsming with
hematieyling Dehydreie secuions were mounked with neaotinge ae-
diun These without prosars ancilpdiss were enrofllod a8 nogicive
cemtroly lor the roccunoslaioing, YVess2ls showing positive YEGEF ox.
premzon and gulls disgtavug pesitive PONA antd NOS eaprescions
wele colnted microscopically. Thc numbers with posntive cxpressian
were fquanlilalively asseseed. amd the averapes were caloulated From sis
avgs of enedan- home junenhion salegted Yrom three sections of sach
bitrpsy spevimen.

Srerrisveond axoresis

Trula were piesented a: mean Lstandard error. The numbers of
vowsgle and oela dwplaying posnive angiogemic markers al s g
interval betwesn the study side and s eontrol e woere commarsd
altiarically wsimg Mano-¥hitmey et with statistival signilivanes ar
I oA,

Besulis
fnereayy of neo-vessels after shoek wane freatment

T'he resolts of neo-vessels of the study and the contre]
sides mre summarized in Tahle 1. [n the study side, a
gigniticant incredse of neo-vessels was oted in 4 woeks.
and the increase in neo-vessels persisied until 12 weeks,
whereas no increase of neo-vessels was noted in the
contro] side, and the difference in the number of neo-
vessals way slatisticully significant. The microsconic
leutures of neo-vessels of the study and the contre] sides
are shown in Fig, 1. it appeared that Formation of neo-
vossels aller shock wave therapy was tine dependent
starting in 4 weeks nfler trealmenl and ac lasted for 12
weeks or longer.

Icrease of wiglagenic markers affer shock were therapy
The resulls of snpiogenesis-related murkers meluding

eMNOS, VEGE and PONA arg summarized in Table 2. In
the study side, a significant increase in cNOS, YEGE
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Table 1

g otfee: of shiovk waove Lherapy on the ingrowth ol neo-veraels
Tirne Conlial Shock wave Posalue

P SIN & = Sk

0 Wk =
W = 51 12+ S 0,93
f-Meed ot =10,
Menn =l +4 265 (.85
Iwalue” .34 0na
4-Wees 2 JO
Mean— 513 21ts 12+4 {1024
Pocalnze [[REa| (L1007
K-k o =1,
Mlzon L 5[ MEs IR {102
Hovaluet” .80 AG25
Mk ra o )
Ween LD IELh 42_4 rals
Faglne ! [ 0,02

Mvaluss are hased on Wann-Yhimey 1ese O soamparians of conimal
wiltl 810k v Lerapy; 1% Foopacson ol O-vesel, wilh i 4=, 8- and
Clueck.

Sheck wava therapy Tyl byl
) = “r ' |- o\ giad (e ‘,'
"y { i . eyt % Y
A\ ) 5% ‘,' ()

*
]

Fig. I Tigaue Repsizs tmken from the eadon Bane jucciion wele
subyscl L Elilomorphaligical saiming afie decaleifcation, 1he noo-
Vinels Q11 i resrony e examined with e maoamificacion wich the
sy s an tac el acd the coolzol side en The sigh,

and MCNA was noted inas carly ay one week, The in-
arease of eNOS and VEGFE [asted lor 8 weeks heflore
they declined 1o normil 4t 12 weeks, whersas the n-
cregse of OUNA lasted nntil 12 weeks. 9 The conmol
side, however, no significant changes were noted in
exOS, VEGE and PCNA, and the differenees belaeen
the study and comirol sides are stacistically significant.
The micrascapic features of o008, VEGE and PUNA
capressnmy of the study and the control sides wre shown
in Fig. 2. The changes in oNOE, VEGE and PCNA
eapressions wb diflerent time intervals are praphically
Mustrated w Pz 30 The results of this study demon-
struted thal shock wave therapy ibduces carly espmes-
sony of eNOS VEGE and PONA in ome week, and
subscquent ingrowlh of nea-vessels o approximatcly 4
weeks, The increases of eNOS anil VEGE were transient
aitl only losied lor # weeks; whereas the sumulation of
cell proliteration and the ingrowth ol new vessels per-
sisted Tor 12 weeks and longer, The biological responses
after shock wave therupy appewr (o be time-dependent,

Takbre 2
Comparision ul 2MOS, YEGEF amd PMOMNA cxpeessiots borwe the
slLly and conical Sides
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Fig. 2. Tisoe bopsivs Oros dhe wsdan hang unenign wees stained
wath manEe acti-hucan @NOS, YOG and TOMNA anabodizs cespec-
rvelv, and fellowed by HEPconiygaed goal asll mouse antzbody
slaindicy. The cesults wore caammsd erder micrmscagy with 4
magnificition with ke study oo the ks, and the conimal an che riga.
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Fig. 1. The clianges of chO05% YEOF, and PCMNA uL dierent Lime inervols alle: shock wave therapy ace shown praphically.

Discussion

Muny suthors had suedicd 1he mechynism of shock
wave therapy [F-%. 11,12 14 17 18 2224 26 28 33 54 36,
35.40,41,43-46]. Some speoulated that shock wave
therapy relieves pain duee o imsertiona| tendinopashy
by hwper-stimulation analgesia [14,22-24.28,37], while
others hypothesized 1he vheoretica] mechanism of shock
wave therapy in bone healing including micra-digeup-
fion ol awvygseular or minimally vasculyr Ussuc Lo
encourage revascwlarization and the recruitment of ap-
propriate stem oells conductive to more normal bong
tissug healing [11,12,74. 18,22 43 48] However, there are
tnsufficient data to scientifically substantiate either
theory comceming the mechantsm of shock wave therapy
i nascelaskeleral disorders.

The etiolagizs of rendanilis are muoli-faclorigl in-
cluding degeneratve changes, inflammatory  process
and metabolic disturbunce with byvpo-vascularily. nzu-
el orrin s well gx neovisenlarisation moendinosis
[1<.24.23]). Meovascolanzation was found to be n
close relation o the wres ol lendiosis Lhal corre-
sponded to the painful area during Achilles loading.
Therelore, negvascularizadion, rther thim g “hesling
response’, was thought w be responsible for the pain in
the area with chronic Achilles lendinosks [3.23]. On the
comlrary, oeovasculariealion, & direce effect of angio-
penic factars secandary ta extracerporgal shock wave
therupy was found to be responsible for improvement
in symproms of plantar tasciitis [3334]. In calvilying

lenedonitis ol the shoulder, shock wave {herapy nol
only provides pam relief, it alse eiimmates calcium
deposils [15,20,27,42) The mechanical lorees of shogk
wave therapy muay theoretically cause fragmentation,
but not tatal absorption of the calcium  Jdeposits,
Therelore. b reasonable o assume thut o biokowical
process through o molecular mechanizm of abserpion
may Like place 1o dissalve the celeium deposits afler
shock wave therayy, Mitric oxide and YEGE had bezn
demonsirited s roportant medistors of angiogenesis
[3,35]. ¥We sugpest that physicul shock waves could
ratse e mechanaliranscdueuon ol The Gssue 1o comvert
groustic shock wave enerey inta biclagical signuls. The
tesults of 1hiy stuedy showed 1hal shock wive therapy
induces the ingrowth of seo-vessels and tissue praolif-
eration asscclated with the catly release of angioaene-
wis-relaled factors including e™058 and VEGFE ar the
tendon-bone junetion in rabbity, Therelfore, the mech-
anism of shock wave therapy appears to involve the
carly release of anelopenic growth factors in one week,
and induges ¢ell profiferidions and Tormanen of oeo-
vassels 1o approximately four weeks af fhe london
bome junetion, The neoviscubarzaation may lead o the
impravernent of blood supply and play a role in lissae
regenargtion al the tendom bone Junetion. X0 adverss
effect of neovascularization on rabhils wus observed
during the course of this study.

In noo-wnions of long bone fructures, the fuclure
gitey are generally filled with dense, hypo-vascular
(brows Lissues that prevent the tracieres [rom heny
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union, Many stedies w oanemal experiments had dorr-
amstrueed that showk wave therapy can promole bone
marrew stremal cell differentiation toward osleopro-
genitors dssaciited with imduction ol TGE-R and in-
duces mermnbrane hyvperpolarization and Ras actvation
W oact as an early signal for the osteopencsis in human
bone marrow <dromal cells 3643 4] Other studies
sy showed o positive eifect of shack wave thoerapy
in promeling bone henling in amimal  caperiments
[8.11.12 18] The results of this study showed that
shock wave Ltherpy promotes carly release ol angio-
pende Mactors, and subsequently induces cell prohitera-
tions and ingrowth of neo-vessels thal mooen may
slitnilute the soomal cell prowtk and differcntiation
and pramote bone healing,

[o conclusion, shock wave therapy nduees the n-
grawith of neovascolarizadon and ¢ell pealiferation us-
socialed with cartior refedse of angiowenic erowih factors
at the endon bong junction of the Achilles wendon in
rethbite, It uppetrs that ihe mechanizm of shock wive
therapy invelves the early releass of angiogenic growth
factors (eNOS and V0IGE) and suhsequen ! induclion ol
necvasculurization and tisswe proliferation. T'he neo-
vizeculimiZation may play a role in nain vl of wndia
nitis and the repaic of chronically inlamed tendon
Lissucs A1 the wendon bone junclion.
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