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neal spurs. is a commeon orthopaedic syndrome™. The

cause of this clinica] eatity remains cniymatic. The use
of conservative methads, with a stretching protocol regarded
a5 the mainstay of nonoperative reatment, Wleviates the con-
dition in most patients™” . When conservative mreatment has
failed, surgical release of the plantar fuscia has been wnder-
iden with vadable results™,

“To our lnowledge, the ficst paper repordng favorble re-
sults after npplicuion of shock waves for the weztment of
painful heel syndrome was published in 1396". Since then,
there have been valy a few repors ol the short-rerm results of
the application of low-energy exracacporeal shock waves

! painful heel, often combined with en inferior calca-

as a new nonsurgical Teatment of chronic plantar fsciins’ "
The exact mechanism of action af this modaliy is unelear™
The eurrent study was designed o compare the six-
month and five-year eesules of three upplications of 1000 in-
pulses with these of three applications of ten impulses of
low-energy extracorporenl shock waves ra the painful hesl,

Materials and Metheds
Srudy Dasign
prospective, Two-tiled, randomiszed, controlled, observer-
blinded pilot trial wns performed to compare (he out
comes of three applicatons of 1000 impalses of low-encergy
shock waves with thase of three applicatians of ren impulses of
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luw-energy shock waves in paticnts with intractable heel pain.
One hundred and nineteen patients ((ilty-one fomals and
sixty-sight male; mean age, forty-six years) who had had pain
[or a mean of nise months (range, six to twenty menths)
were digible for the study, All 119 panents had bem previ-
pusly weated unsuccessfully. Eighty patients had been given
medicafion, mortly nonsteruidsl ant-inflamunarory drugs;
110 had wom shock-absorbing shot inserts; forty-rwo had
performed some kind of strerching sxercises on a regulor ba-
sis; ninewcen had used night splints; and eighty-one hod baen
treated with 3 cast for ot least vwo weeke, An averape of 19
corticosternid injections (range, eae to five injections) had
been given to the 119 patients, and an average of threz differ-
ent physical therapy regimens (range, one 1o five different
regimens), such as icing, ulortiound, magnetic Aeld therapy,
ivntophoresis or phonophoresis. contrasr baths, and radia-
tion therapy, had been tried. One hundred and twelve paticnts
agreed to the randomization proceduse, and they forined the
srudy sample.

Inchusion Criteria

The eriterion for enfry into the study was heal pain localized
to the site of rhe insertion of the plantar fassia and inerinsic
muscles an the medial calcancal tubcrosity on the anterior-
medial aspect of the heel for more than six months, The sever-
ity of the pain was recorded, and a low pain score was oot an
exclusion criterion. The location of the pain was rested by ex-
erting pressure on the heel under sonographic control, Con-
servarive therapy had to have failed for st least six months
befors referral o our hospitel. In order to allow positioning of
the sheck-wave focus, a planwy heel spurhad 1o be scen radio-
graphically in the area of the medial calcancal tuberosity. The
xize of the spur did pot play a role a5 an induson cote@on.

Exclugon Criteria

The exclosion criterin, elicited Fum the patient’s madical
record, included dysfunction of the knee or ankle, local arthri-
tis, genemalized polyarthritis, rhewmatoid arthritis, ankvlosing
spondylitis, Reiter syndrowne, neurclogic aboormalitics, nerve
cotrapment syndrome, a previous operaton on the heel, an
age under eighteen yeacs, pregnancy, an infection, or 3 tumor.
Thirtecn patients were excluded from the study on Lhe hasiz of
thess eriteria.

Exxept [or previously wora shoe inserts, no additional
rrearment—rfor example, nonsteroidal anti-infllammatory
drugs—was allowed during the first three menths after appli-
cation of the extracorpored shock waves. Three padents in
Group [ and seven in Group IT took such drugs this was re-
garded as indicaring failure of the extracarporcal shock-wave
application, und the patents were withdrawn from rthe study.
"Theywere instructed t use the foot but to 2vnid painfil soess.

Randonuization

Affter six wecks with no treatment of any kind and afrer they
gave informed conseny, the patienrs were svaluated sgain to
make sure thar no weclusion eriteria applied. Then they were

EVALUATION OF LOW-ENERGY EXTRACORPOREAL SHOLE-WAVE
APPLICATION FOR TREATMENT OF UHRONIC PLARTAR FAsCirs

randomized info the two meatment groups with use of identi-
cal sealed envelopes. The fiest applicabion of shock waves was
carried our inmediaely after the idendfication of the breat-
ment group.

‘I'he randomization began i 1993 and. as had been
planned previously, was stopped (in 1995) afer fifty patients
in une of the two proups had oot used addional treatment or
drags for three months afrer shock-wave application (Fig. 1),

Group L

Group | received & total of 3000 impulses of an anergy flux den-
siry of 0.08 m}/mm’, The groop consisted of hwenty-onc woinen
and rwenty-nine men, with & mean wge of Fouty-four years
(range, bwenty-six o sixty-onc years). The mean duration of
pain was eight months (range, six 1o nineteen menths),

GroupTT

Group Il received a total of thirty impulses of an energy (lux
density of 0.08 m)/mm’. There were (wenty women and thirey
men, and their mein age was forry-nine years (range, thirty-
one to sixty-thres years), The mean duration of pain was ten
months (range, six ro twenty months).

Method of Trearment

Extracorporeal shock waves were applied by an experimental
device (Siemens Osteostr; Siemens AG, Urlapgen, Germany)
charactecized by the integrotion of an electromagnitic shock-
wave gentrator in 2 mobile Quordscopy unit By means of an
aepustic lens, the focos of the shodewnve spuree iz jost at the
center of the c-arm. The typical dgar-shuped focal extent of
the deviee, defined 25 the -6 db focal contow inthe x, poand 2
direcdons around the fucus location, covers an area of 50 mm.
L the axds of the shock wave, with a dismeter of 7.0 mm per-
pendicular 1o the shodk-wave axis. These rechuical parameters
are very comparable with rhose of modern shock-wave units
for treatment of muscoloskelerl disorders,

Oinee the rip of the planiar heel spur was situated in the
center of the c-amm, the shock-wave unit was docked o the foot
by mecans of 3 watir-filled cylinder. Common ultrasound yel
{University Hospital, Mainz, Germany) was used s a contact
medium between the cylinder and rhe skin, Three times. at
weckly intervals, 1000 or ten impulses of an energy tlax densicy
of 0.08 mITrh?n";ucTﬂminlmmd to the heel: thize dose was se-
lected on the basis of experience in o eaclier study”. Shock
waves are considered low-encrgy when the energy fux density
ranges from 0.05 to 0.10 m//mm’, making the use of local anes-
thelics annecessary, although the treatment is unpleasant

Method of Evaluation

All patients were ussessed belore and after weatmene. Ar a
mean of wenty-four weeks (zange, twenty-two to twenty-six
wesks) after the last application of the extmcorporeal shock
waves, follow-up was performed by w blinded observer, an or-
thopaedic surgeon who had not been involved in the selection
of the patients or in the shock-wmve treatment and who cid
not ask the patents about the number of impulses applied.
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Another blinded observer, also an or-
thopaedic surgeon, performed another
follow-up examination at a mean of
five years (range, Gfty-four ro sixey-six
months). The protocels of rreaument
and evaluation were closely monitored
to puarantee that the teating physician
did nor evaluate his or her patients at
the dme of follow-up.

Primary Outcome Measure
The primary outcome measule wos des
fined prospectively a5 the pain rating ar

six months afrer shock-wave application |
compared with the pretreatment con-
digen. The rating, according to medi-
fied criteria of the Roles and Maudsley
score™, was defined s excellent Tno pain,
patient satisfied with the treatment cut-
come, and unlimited walking without
pain), good (symptoms substandally
decrcased, patient satisfied with the
weatment outcome, and abdity to walk
without pain for more than one hour),
acceprable (symproms somewhat de-
creased, pain at a more wlerable level

Ekgible Patients (n=119)

Nt Randoemized (n=7)

Randomization (n=112)

Recelved Standard Recai'ged Standard
Intervention as Alloeated Intervention as Allocated
(n=54) (n=58)
I i
Followed Up 3 Months Followed Up 3 Months
(n=50) (n=50) Al
Withdrawn (n=4) Withdrawn (n=8) ]
Inksrvz retan nafMacth (3! 5
o Folows 08 s e
Fallowed Up B Manths Followed Up & Months
(n=45) (n=48)
Witndrawn (n=1} Withdrawn (n=2)
Inbwioardhen nallsctve (0=1) Imtsrvantion lmaifacse in=3)
| completed Trial (n=43) | | Completed Trial (n=48) |

Fallowed Up & Years Followed Up 5 Years
{nf&} : et (n=4T)
Wihhdrawn (n=11) [ Withdrawn (n=8)
Inlerennbion s Mmcth (=) Itz reanon inalTectve [NE1)
Loat m fallmw-up (n=7) Last o laliow-ug (r=7) |
Group | Group Il

Fige |
Froflle of 1he randomazid, controned trlal.
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than befors treatment, and patient
slightly satisfied wilh the treatment out-
come), or_poor (symptoms identical or
worse mnd patienr oot sanstied with the
trearment outcome). Treatmenr was
considered successful when rthe palient
had an exczllent or good score.

Secondary Qutcome Measures
The Roles and Maudsley score® ar Gve
years was defined prospectively as a sec-
ondary ourcome measure, Cther pro-
spectively defined secondary ouicome
measures were the extent of poin at
night, at rest, and on manual pressare as
specified on 2 visual analog scale rang-
ing from 0 (no pain) ro 100 (worst imag-
inable pain} at six months and at five
years. To assess pain on manuval pressure,
the ghysician used his or her thumb 1o
gradually increase pressuee on the pa-
rient's eonrralareral unaffected heel undl
pain began: then o comparabl: amount
of pressure was applied 10 the affecred
hael, and che patient mted the pain that
it caused. The exaet smount of pressiae
witd Aol measured

Walling ability without a need for
rest to relieve pain in the heel was rared ag
0 {less than five minates}), [ (less than fF
teen minules), 2 (less than thirg minutes),
3 (less than forty-five minutes), 4 (less
than sixty minures), or 5 (unlimired).

All panients had a radiogrph made
of the heel before the treatment and 2t the
si-month follow-up evaluadon.

Staristical Analysis

The aim of this study was te assess
whether there was a dose-dependent ef-
fect of low-energy cuiracorporeal sheck-
wave therapy in the weatment of recalei-
traat heel pain, Qur hypothesis was that
three applications of 1000 impulses is su-
perior to three applicadons of ten im-
pulses with regard ro the results af six
months,

‘The methods for statsrical analysis
had been determined by the local Inst-
tuee for Medical Statistics and Docu-
mentation before the snidy was sarted.
Accordingly, the statistic] analysis was
perfarmed ar thar institure when the
study was completed,

The Wilceeon mnk-sum test was
applied for the comparison of the wo
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100,
p < 0.0001

& Mo

0 Mo

groups for such pyeudo-continuous, non-normally disiributed
varizbles as pain at night, pain at rest, und pain on manual
pressure®. The Roles and Maudsley score™ and walking ability,
categorical variables, were compared between groups with the
Fisher exact test and its extension to 2 % n contingency tables.
The level of significance was set at 95%. Differences with p val-
ues of <5% were considered significant. Multiple adjustment
was not performed for secondary outcume parameters that
were measured in an explorative way. The primary cutcome
measure, the Roles and Mavdsley score at six months, was
tested in 2 confirmatery way™.

As this was a pilot study, no sample size or power caleu-
laton could be performed before iV was started. The si-
month results of this comparative study were analyzed on the
basis of the total number of padens whom we eriginally in-
rended to trear—that s, fifey patients in each group.

Resulis

Follow-up

A: had been previously planned, the randamization process
was stopped after fifty padents in either group had not used

addidonal treatment or drugs for three months after the shock-

wave application. To reach this goal, 112 patdents were random-

ized to Lhe two recatment groups: Gfty-four were assigned 1o

Group 1 and ffty-eight, 10 Group (1. AT three months, three

patients in Group [and seven patients in Group IT had 1o be ex-

cluded from the study becavse, 25 mentioned, they had had ad-

p=0.071

B Group |
CGraup Il

Vig. 2
Percentage of patients with & good or
axcelenl cutcome socording to the

modifled four-st2p Roles and Maudsley
seale™,

ditiunal conservative therapy during thar time. One patient in
vach group could not be contacred, leaving fifty patients in both
proups as the basis for the coreent study.

At six months, farty-nine of the fifty padeans in Group |
could be evaluated. One patient refused to participate in the
study any lunger becavse the shode-wave thempy had not im- |
proved his condition. In Group Il, forty-cight of the fifty pa-
tents could be cxamined at six inonths, Two patdents stopped
participaning because the thock-wave application had norim-
proved their condition. At [ive years, thirty-eighe of the fifty
patients in Group | could be cxamined. Four patients stopped
participaring lrecause the shock-wave application bad nor im-
proved their condition, and seven patisnts could not be con-
tacted. At five years, forty of the fifty patients in Group 1l
could be evalusted. One patient stopped participaring because
the shock-wave therapy had not improved his condition, and
seven patients could not be conlacled (Fig. [).

FPrimary Qurcome Measure

Maodified Bol=s and Maodsley Score™ at Six Months

At six months, six (12%) of the forty-nme padents m Group |
had an ecellent resule, owenry-two (45%6) had a guod resuly,
rweary (419%) had an acceprable result, and one {2%) had a
poor result. In Group 1, none of the forty-cight patients had
an excellent result, five (10%) had & good result, twenoy (42%)
had an accepitable result. and twenty-three (48%) had a poor
result, The rate of good and excellent outcomes (1.c.. success-

10047 . NS P < 0.0007 p = U.0006 |
vas|| |
80+
G0
H Group |

big 5 404 i @ Group Il
Seores on & visual analog seale [VAS) for
min on manual oressure before and 2077
after low-energy exlracorporeal shock: :
wave therapy for hronic heel pain, N3 = 0- -
net 2ignificant. 0 Mo E Mo 5%r
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ful resalis) was 47% higher (95% confidence interval, 37% to
57%) in Group I than in Group I, and the difference between
the groups was significanr (p < 0.0001).

A post hoe power analysis of the primary outcome mea-
sura—with use of the relative success rates In Group [ (0.57 £
0,50} and Group (1 (0.10 £ 0.31), the given sample sizes in
Group | (forty-nine) and Group 1L (Forty-cight), and the sig-
nificance level of the test o reject the pull hypothesis (a0 =
0.05—showed a smristical power ol 0.9,

Secondary Qutcome Measires

Modificd Roley ond Mandsley Score™ at Five Years

At five years, twelve (32%) of the thirry-cight patient in
Group | had an excellent result, cightecn (47%) had 2 geod re-
sult, seven (18%0) had an acceptable result, and one (3%) had
a poor result. In Group 1, fifteen (389%) of the forry padents
had an excellent resulr, twalve (30%:) had a good result, nine
{23%) had an acceprable resuly, und four (10%) had a poorre-
sulr. With the numbers available, this difference of 1136 (95%
confidence interval, 49 o 18%) in the success rate between
the nwo groups was oo longer significant (p = 0.071) (Fig. 2).
1t should be noted that many of the good and exeelent results
in Group N followed surgery performed subsequent o the
shodt-wave therapy, as discussed belew.

Pain on Manwsl Pressure

Dusing the five years toan these patients were followed afler
treatmient, the imean score for pain on manual pressure gradu-
ally decreased fram 77 = 13 points (before reatment) w 192

12 painty (af six monihs) and @ £ 11 points (at fve years) in
Group 1. [n Group I, the mean scores weze 79 £ 11 poinrs be-
fore treatment, 77 % 10 points at six months, and 29 £ 25
poines at five years. Thers was o significant difference between
Group Tund Grouy [lacbuth six months (p < 0.0001) and fve
years (p = 0.0006) (Fig. 3.

ight Pait and Resting Pain
N"ghr pain in Group L wes significantly less than thar in Grﬂup
1T at six monthe (p < 0.0001) and five years (p = 0.0015). In
addidon, resting pain in Group [ was significandy less than
that in Growp 11 at six menths (p < 0.0001) and five years (p =
0.0053) (Table L)

Walking

The ability to walk without pain was alsi significandy better
in Group I than it was in Group 11 et six months (p < 0.0001)
and five years (p = 0.0023) (Fig 4). In Group I, rwenty-five of
forty-nine patients weee able ta walk completely without pain
at six months compared with zero of [orty-cight patients in
Group Il (p < 0.0001).

Radiographic Evaluarion
Radiographs made at six months after treatiment did not show
any structural changes of the hindfoor.

Complications
The low-energy extracorporeal shock-wave therapy was felt o
be unpleasant by all padents, although it was not thought to

5- MS p= 0.0001
Walking
Abliny ]_

4_ =

p=0.0023

|

& Group |
E Group Il

e

Grades tor walklng anliity [2ee text)
before and afuer Iow-enerdy Raliacorao-
real shockewave theracy for chramis heel
pain, M5 = nut signilicant.
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be as unpleasant as the local inflteation that all patienes had
expericnced during the various and unsuccessful treatment
rcgimens prior to the current study. No patient stopped the
shock-wave procedure because of pain. No side effects were
seen at the follow-up examinanons al six months and five
years. There were no hematomas, infections, or abnornal
neuralogic findings.

Addirional Treatmenr

Setween three and six months: Between three months and six
manths, nine of the forty-nine padents in Group I teok oral
nonsteroidal ant-inflammatory drugs aod had local infil-
tration with corticosteraids and anesthetics and one patient
had the calcanesl spur removed surgically, In Group U, only
four of the forty-sight paticats did not need any additional
treatment. Patienrs tonk nonstervidal anti-inflammatory
medication and/or had local injections, and one had surgical
releaze of the plantar fascia.

At five years: Atan average of five years (zange, fifty-four
to sixty-six months), none of the thirgr-cight Group-1 pa-
tients were receiving conservative therapy on a regular basis
and five (13%) had undergone surgery. One of these five pa-
tients had an excellent resudt; two, 2 good result: and two, an
acceptable result, In Group 11,/mine (23%) of the forty pa-
tients were receiving Tegular consrvative treatment at five
yrars and fwenty-thoee (58%) had been operated on. Nine of
the rwenty-three patients had an excellent resulr after the op-
eration, ten had a good result, twe had an acceprable resuit,
and two had a poor resolt. There were significandy morce op-
eratve procedurss in Group I than io Group I (p < 0.0001).
As a consequence of the high (839%) rate of excellent and good
cesults after surgery in Group 1L, the sesults in Group | and
Grovp I were no longer significanily different five years after
shock-wive application,

Discusaion
n a review of the litermiure since 1956, Atkins et al.' and
Crawford et al’ found only cleven randomized, contrelled
trials assessing the Wreatment of plantar Rsciicis, Thero was
limited evidence of the effecriven<ss of ropical corticosteroids
admintscered by iontophoresis, dorsifledon night splints, and
low-enenty extracorporeal shock-wave therapy.

A satisfying clinical outcome after application of low.
encrgy extracorporeal shock waves was fiest reported in patients
with chronic tendinosis of the elbow™, We showed comparable
short-tme cesukts for padents with plantar fusciitis and 2 heel
spur”. Similaly positive cutcomes have been confirmed in
elinical studies from variows eaiversity hospitals™”, Maier et
al." reparted good or excellent results, according to the modi-
fied Roles and Mauodsley score, in thirty-six of forty-sight
haels at twenty-nine months. The clinical outcnme was not in-
fluenced by the duration of the follow-up period. Wo negative
side effects were reporred. Wang et al™ reported that thiry-
three of forty-one patients were either free of symptoms or
substantiaslly berter ot Twelve weeks afrer shock-wave therapy.
Opden ot al.” performed a randomized, placebo-controlled

EvaLUATION OF LOW.ExEreT EXTRACONPOREAL SHOCK-WAVE
APPLICATION FOR TREATYMENT OF CHROMIG PLanran FASUNTig

study with 119 paticnis in the trearment group and 116 pa-
lieats in the placebo group. Twelve weeks after a single ap-
plication of 1500 hizh-energy shock waves at 15 KV with the
ﬂli_:nt under repinnal ancsthesia, the result was sucesssful in
[ 47%%of ucnis. The success rate afrer the sham treament
was only 30851 his study led the United States Food and Drug
Administradon w approve shock-wave therapy for painful
heals. Bugh et al.”* reported the resolrs of another random-
ized, placeho-controlled srudy, invalving 150 parients, lor the
Uniwed States Food and Druy Adminisumtion. Therapy with
3300 high-energy impulses was spplied once with the patiznt
under regional anesthesia. At theee months, 70%-of the pa-
tients in (he treatment group and 409 of those in the placcho
group fulfilled the suceess criterion, which was a change in the
visual analog scure fir pain while walling for the first few
minutes in the morning. Chen et al.™ studied eighty parients
rreated with 1000 shock-wave impulses at 14 KV OF flty-four
patients who were evaluated ar six months, 59% had no symp-
toms and 27% had subsiantial improvement.
In the current study, six months after low-cnergy shock-
wave reatment, the vesults of three applications of 1000 im-
pulses were signihcantly beiter than those of three applicationz
of ten impulscs((57% good or excellent outcomes compared
with 10% geiod orexcellent outcomes).

“a-five years, Group U had o substantial improvemens in
all parameters compared with those at the six-month follow-
up evaluanon, and the overnll outcome, based an the four-
step soore, was no longer significantly betler in Group L

It sheuld be noted thal separating the clinical rosults
into only four broad caregories, with use of an unvalidared
modified Roles and Maudsley scale™ originally designed for
the upper cxtrenity, may not provide a sufficicntly sensitive
test. However, Group-1 patients also fored betrer with regacd
to pain on manual pressure, at night. and at resr and with re-
gard lo walking. Five years afrer the shock-wave therapy, 13%
of the patdants in Group [and 58% ol the patienes in Group LI
had been operated on. OfF the twenry-theee patients who were
operaied on in Group 11, 83% had a good or excellent out-
come. I even more patisnts in this group had undergone sur-
gery; the rarngs concetning pein and walking may have
reached Jevels comparable with those in Group 1L

Mene of the outcome variables in our study is free from
the possibility ol observer bias, dthough this risk was kept low
by maling sure that an independent observer evaluated the
patients before and after treatment. Pain, however, may be in-
fluenced by many factors and is difacult to measure. While we
attribute the substantal impraveraent in Group 1 at fve years
to the surgiea] procedures that the paients had undergone
during the follow-up period, the cxcellent long-term results in
Group I havs 1o be regarded with caution. It is known that the
vast majority of patients with heel pain have improvenen
within z few months after the onser of symproms. Clinieal evi-.,
dence of the cficacy of wry treatment during this tine is dif-

)|

ficult to obrain’, The self-limiting character of the disease

therefure has to be considered as does the fact that spontane-
ous improvement is difficult to distinguish from a long-lasting
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efect of low-energy extracorporeal shock-wave application.
Ne side effects woere reeorded following the applicadon of
the low-energy exmracorpereal sheck waves in our patients. This
dlinical experience is supported by previous histologizal and
magnetic 1esonance imaging-based sradies™. In contrast,
high-energy shock waves, which age also used for the rearment
of heel pan™™, may prodnee side effects such a5 peringreal de-
tachment and amall froctures of the inner surface of the cartex™
In conclusion, the current pilot study revealed dose-
related cifects of low-cnergy extracorporcal shock-wave ther-
apy in patients with chronic plantar fasciitis. The therapy with
theee applications of 1000 impulses appeared to be 3 useful,
nonivasive treatiment method with negligible side effects that
reduced the necessity for a surgical procedurs, Nevertheless,
low-energy shock-wave applicanon cannot be recommended
as a frst-lne procedure for chronic heel pain. Although the
United Stares Food and Drug Administration recently ap-
proved a shock-wave device for therapy for heel pain®, addi-

EVALUATION OF LOW-ENERGY EXTRACOULPUREAL SHOCE-WAVE
APPLIGATIVR FOR TREATMENT OF CHRONIC FLANTAR FASUCILTS

domal conirolled stadies are stil) needed to verify the resulis of
this study and to define the precise cole of this new modality
in the reearment of chronic plantar fasditis, &
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