# OO# ,2#1& .#, A
28# 5-0*"al *# "', % .3

H#, #1111 --)1
3'*2 7 11'#,2'121A $-C

5900 145,000 180M

154  TOP 1% 12.2%




&KDSWHU

IRZ '"RVH 5DGLRWKHUDS\ RI 3DLQIXO +HHC
)DVFLLWLY DV DQ ([DPSOH RI 7TUHDWPHQW
'‘'LVHDVHYV

SREHUW OLFKDHO +HUPDQQ )UDQN %UXQV DQG
OLUNR 1LWVFKH

$GGLWLRQDO LQIRUPDWLRQ LV DYDLODEOH DW WKH HQG RI WKH FKDSWF

KWWS G[ GRL RUJ

Abstract

Degenerative changes in the plantar fascia may cause the so-called “painful heel” with

typical projections of tenderness. This condition is often associated with a plantar heel
™Z>i1 Se'"e'Z>S™¢1 'e'le” 1e"@Z0e1l0 U1'Sel«ZZ—1 Zsel
matory potential. In the recent years, several microbiological mechanisms were eluci-

dated to explain immunomodulation by LD-EBRT. Furthermore, a randomized study
™"YZele'Z1Ee — ESe1Z ESECL ele’®@1e'Z>S™ME1l —1™eS o
a fractionation schedule of 6 x 0.5 Gy twice weekly as the new standard therapy. Taken
eTeZe 7581 1'e1S—172 ZE&+'YZ1S—e10eSeZ1'Z>S™MZ7e'E1™™
Se71S—01See7517Z{Ee7200’"—1"¢1™>7Ze—S—_—ECiI1l —1ESeZ17+1S-
ES—1<Z1" Z5Ze1e"1e'Z1 ™S’ 7Z—eil ‘252185721 cee’esl " ™7 1587
oZ —'¢' " —1S—e1e>SE"—Se' " —1"e1 | il Z>e'Z>-">781lcesis’’
with other conservative therapeutic approaches are missing.

Keywords: low dose radiotherapy, heel spur, plantar fasciitis, reizbestrahlungtarget
Y e3 7162 —rer_

1. Incidence and etiology of plantar fasciitis

("7e1]-1"e1e'Z1™ " ™7eSe' " _1A\[1¢ZS>e1@Z Z>1e>"-1S1™S"—
S>7Z17ee7—1S Z1E THe ddst TOMEnon cause of this symptom is the so-called “plantar
* S ce (E "2 Tdwis 1eym is widely used, although “plantar fasciopathy” or “plantar fasciosis”
“72001<Z1S1<Z247Z>1Z@E> ™' T —1e"1 ™™ o170l Z167e72—7>S
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will use the traditional term in the following.

Plantar fasciitis has been associated with obesity, with acute or chronic work overload, or with
“>"17—1'S>e1ce 2, Y.t@EEms that physiological degeneration of the fascia at the calca
—7Se1l’— @75’ —17Zi{SEZ><SeZ@1771"1>Z2™Ze’’YZ71-"E> 4
“"®el1ESzeZel — S——SeH¢le'e@mezZ1>ZSEe " —®il ®1S1> 727’
7ol E e ZEe " —1¢"1ZiIV1-—-1S—e1-">BpT1-F7=BS®RZOTes S I¢
may trigger bone formation, the so-called “plantar heel spur.” This process has been studied
'—eZ—@'YZet1c<t1 7-S’ 16F Fhey pidpesesthree Siages of spur growth: “(a) an ini-
¢'Sele™s S’ 171 ES>e’eSeZ1EZee1E*7R*Z>®1S—+1 ce®2>Z0
“ele'Z1@Z<E " —e>Se1<"—Z1™eSe71Se1e' 717 —'7Z'®e®1S®lE-<
ESeeCl1™ >’ Z—e7e1e>SZE2+S721<24>7Z00 ' —ele'ZGPM1L" | Z4S»GeA 1+
Telet'ele™Z51e™ =S’ T —1S—el1E >>Z2eSe’ " —1 "'l Z1Ey—"E!
" IWTPMYTYZYZ>81—"+12Y272>¢1'Z7Z«10e™%51'e1See " E’'SeZ-1
'—AWW . W\-1"el1e'7Z1—"5-S+1S e ¢ -2 Ontbe otiict MARIVsbm® patieats Wwith
™S’ —e7e1™eS—eS>1eSeE 'e'01e"1—"21'SYZ1S1>Se'"esS™M E:

A similar mechanism (although caused by longitudinal traction and not by vertical compression)
“el¢"—Z71">-Se' " —1'Sel1<Z7Z—17Z0E>'<Z+1Se1e'Z18—ceZ>e’"—1"

According to the American clinical practice guidelines from 2010, diagnosis is established by
the typical anamnesis and the characteristic localizations of tenderness. Still, weight-bearing
>Se’ " esS™M 1S5721See™19)ZE " ——Z—+Z1y

2. Treatment with LD-EBRT

XiWil '""e"e'ESelZ ZEexl1~¢1 |, 1"—1e¢—™M "E¢CeZelS—e1’-

" eeZ1le"eZ@1"e1ZieZ>—Se1<Z28-1>8' e Z>8™¢ 10 U1’ —1e'Z1
EBRT” (LD-EBRT). These single fractions are applied two or three times a week until a total
e"®Z17e1S<"2e1Y.\1 ¢1'1>ZSE‘Zeil 2ZE'1>Se’ "' Z>S™Z7 EL1E
nant conditions, e.g., osteoarthrosis, tendinopathy, epicondylitis, or bursitis. A comprehensive
yZY'Z 171 Z1 e > ESeleZYZe"™M_7 —el —1 1¢7>1 X0}«

In contrast, EBRT in oncology is characterized by much higher single and total doses

">—"esSEe T —Se' " — 1eZeE>'<Zelme —eeZleT®ZEelT1Wir. X
To treat breast cancer, the total doses of about 62 Gy are necessary, in prostate cancer e\
more than 72 Gy. From a radiobiological point of view, these high cumulative doses are used
to induce DNA double strand breaks. Due to errors in a repair mechanism (nonhomologous
Z—e1"" — — o101 EZ— > EL1E > - -Z1ES—1"EEZ>i1l ‘.
so-called “mitotic catastrophe,” the main mechanism to reduce clonogenic survival in tumor
E Zddgeilly s 1" Zel™ 1 1'—e7EZ1+"ES+1l’— S——Se'"—1S—

‘Z1-2E‘1+" Z>1e"®Z®l ™1 |, 1SE+1Y'S1e Z5Z—+1-7ZE"S
®ZYZ>Se1S—¢" ' — S——-Se">¢17Z ZEe®1'SYZ1<Z2Z—1 e E"YZ>.
mentioned high EBRT doses.
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(@) Invitro LD-EBRT has been shown to induce apoptosis in peripheral blood mononuclear
& Z++ce 1012 linfesestingly, there was not a linear correlation between dose and the
amount of apoptotic cells. Instead, the maximal induction of apoptosis was observed after a
®'—eeZ1le"Z1<Ze ZZ—1ViY1S—e1Vi]l ¢d1"«'Z>1«"®@Ze1ldZ]

(b) Z>¢'Z>-">781"eZl<Ze 2Z—1ViW1S—e1Vi[l ¢1>Z72EZe1l+"Z
endothelial cells (ECs)in vitro, probably by suppressing the expression of L-selectin on the
®e7z>*SEZ17-1 1YyWYpPil "e1’el1S1YZ>¢1' =™ eSS 0] —o’—
EZeerl™ele'Z1VYZ00eZe1 Seel’ele'Z1 >0e1ZYZ—e17 1 ]oAR~
Te'Z>152S®"— 175121527 E&Ze1Se'Z®’ " —1<Zs ZZ2—1 1S—«
¥4]: In irradiated EC mRNA expression and protein secretion of transforming growth factor
TW10 ,tTWUl Z>Z1" ¢ Zoee1SeeZ>1Vi[l ¢d1«'Z>1e " @Z01l>A
272+>Se’£Se'"—1  TW1 'e'1le™ZE’ E1S—e'<e'Z®lsZees>2Z:
EC. Theseinvitro 1>ZceZeecel Z>Z limEmivedl >—A&Q1 -"70@Z1—-"+Z 1541 Vi
Zi™sZee’ " —1'@leZ™7 —e7—e1"—1SE+'YSe'"—1"«116].Alse;-XFE
"1 < —e—el1SEY'eCle'” Ze1S1 ™' Se'ELl>Ze™ —®rZl

Sel1Vi[l ¢81S1>Z2Se’YZ1—"—"—2-1<Z+ 2Z—1Vi\1S—+1Vi~rl ¢d
W6pil ‘Z1S<"YZ,—-Z—e'"—7e1 —e'—eeloe'” 1S1< ™' Se’Ele' -,
1218 —e1XZ1'1SeeZ51 01 '+*18157S«'Y721-Si' —-1741" -1

(c) A third mechanism was the suppression of nitric oxide (NO) production in activated mac -
"™ SeZ7elctl 1<Ze 77 —1ViMAsthe Byprixdian ofliyducible nitric ox -
ide synthases (iNOS) proteins was not altered, the LD-EBRT seemed to act at the translationg
51 ™M 455 —0eeSe’ " —SeleZYZeil 750 75-"57281S 1" @Z17+1Vi[1l
S—el1@Z™Z57('eZ1™ ez ' ~"— 171 e« 19 ASininigheSrefedstof Sealtoee
TiteZ—1™ZE'Zell UlES—1Se@ 1E —e>'<ZeZ1e 1 21S—

Taken together, all of these pathways and mechanisms showed a similar dose dependence witt
S1-S{'—72-17Z ZEe1<Z+ 2Z—1ViY1S—e1Vi]l ¢1>Z¢S>¢’—+1S120

There are severalin vivol ceeZ¢’'Zel’'— 1’ 7Z57Z—e1S—"—-Sel _"e7e0me1 S«
Ze™ZE'Seet1”™—1"eZ"Sse'>’ e’ @il 1E™~—™)> 7" 7 20hhoWEVeT,ag thiy
are not directly related to calcaneodynia, we will not further comment on them.

2.2. Results of randomized trials on radiotherapy for painful heel spur

' EZ1WPp Y| DY e ZESeZ0d1eS>eZ157>"e™ZE'YZ1lee7e'Z1"—
dynia have been published (overview in 22). In 1970, one negative randomized trial was reported
S—el1'ZSY'eC1E>'« & £Z1<Ze1"S ]-Stastihgdrithe 19803V patenis wiejesystem
atically clinically examined and interrogated in a structured manner to try to control for diverse
>’ @"1eSEe" > 1S —e1e"1E -™S>71217Z ESECL1 ele’ Z>7 —P4p <

It took until the past decade to perform and report prospectively randomized trials to proof
217 ESE¢171 1S—ele"1'eZ—e’e¢le'Z1 " ™o _Sele @7
lowing, we report the design and the results of these trials. Table 1 gives a short overview of
the studied dose concepts and the results. Due to methodological reasons, we will describe
the studies not following their publications dates, but according to a systematic order.
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Author Year N Standard arm  Experimental Results Conclusions
arm
Niewald et al. [26] 2012 66 6 x 1 Gy twice 6 x 0.1 Gy Y1-"—e‘eiil & 1&Dose-response
a week W X1oe'sil<Z4Z>elatdriship
standard
1 year: less second 2. Proof of
treatment series with 'Z7>8™MZ77e'E1Z
standard LD-EBRT
Heyd et al. [30] 2007 WY V6 x1Gytwice 6 x0.5Gy 6 months: CS no sig. 6 x 0.5 Gy
a week o 757—EZce as standard
fractionation
41Z.1%}i1y 2014 457 6x1Gytwice 6x0.5Gy 6 weeks, 2.5 years: 6 x 0.5 Gy as
a week & 1—"1@’+il ®@eS—eS>e1E"-
o' Is7—EZee
Niewald et al. [25] 2015 127 6 x 1 Gytwice 12 x 0.5 Gy Y1-"—e'efil & &EWELT1—"-1
a week thriceaweek —~1ce’eile’ Z>Z —ifEréased with 12 x
0.5 Gy standard still
6 x 0.5 Gy

Table 1. Summary of contemporary randomized trials on LD-EBRT of painful heel spurs: tested schedules, results, and
conclusions.

XiXTWil ¢ — " ESel1™> " e]1% 017217 ESECL 1

'— EZ1'Z1 ™7 ESe’"—17e1e'Z1 >001>S—e"—"£7¢15°Se1"—
1 Sel87Z0e’"—Ze1yXYpPil “ee’Z217¢1Seil>S—e"—"£Z1Y_ _1°
7 2>Z21e> —1ES ES—7"+¢—"Sil1l el el ‘¢le'ZoeZl>Z07es
S1™S’  —e7e1'ZZel@™Z>i1 250'72Z>-"5728172Z—e™"'—eel Z>721—"¢:
'—1S—1SEZeZ1@eSeBL 1721’ ZS®eZly

‘Z1eS—+—-S>"1ezeC1le”1™ V712172 ESECL1 1 1 Sce-
erative group on the radiotherapy for benign diseases (GCGBD) under the responsibility
“e1 'Z See1 2615 véryyow dose EBRT (6 x 0.1 Gy applied twice a week up to a tota
dose of 0.6 Gy) was randomized to a standard dose LD-EBRT (6 x 1 Gy twice a week up t
Sle eSele”@Z171\1 CUT1l —1¢'Z1ES®Z17+1S—17—+SY " >S«ce
T Z2>72+1S1®@ZE " —ele>Z2Se—7Z—el®Z>'Z®10 >Z'>5Se’Se’"— {i1€
©'Z172i™Z> —7Z—S¢1S>-1 Sel1E "®Z—1"1ZiS-"—Z21'+1YZ>¢
it acted as a placebo irradiation, as a sham irradiation was regarded unethical. LD-EBRT
was applied using a linear accelerator (4- to 6-MV photons) using lateral parallel opposing

Zesi
Inclusion criteria were tenderness of the calcaneus with a limitation of the painless walking
distance and duration of the symptoms for more than 6 months. Furthermore, a radiological
™37 e1"e1S1'2ZZ10™251 S©l1>2872'>2+81S—e1e'Z1™Se’Z—0ce
with previous traumata to the foot, rheumatic or vascular diseases, lymphatic edema, preg -
nancy, or breastfeeding were excluded. Concomitant therapy with oral analgesics was not
o —"eZeil T ZYZ>81e"ESel —“ZE'"—0el 'stloesZ> T eelezry —-o1
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—'¢’See 01 XVV1I™MSe'Z 2RINle ZbYAPESLSAZ1A»Z— EZL " «1 W'
0 UleZ-1ccE H23MNISWXIES+ES—7"« ¢ —’ 5 @able 2)owvilh 2opdbér ofi
80% and an error probability of 5%. Furthermore, the visual analogue scale (VAS) to evaluate
™S 1’ —eZ—@’+¢1l SelzwZeil ~ ZYZ>81SeeZ>1>S—e"—"£Se'"
of 62 patients (4 had to be excluded due to a withdrawal of informed consent or violation
“ele'Z1'—Eez®' T —1E>'eZ>'SUd1e 21 Z>Z—EZ®el —17Z ESE
pronounced, that the trial was closed early.

Criteria

1. Pain symptoms

e~ eSeAlYV-U

per single criterion

2. Use of appliances
(total: 15%)

3. Professional
activities
(total: 20%)

4. Daily/leisure activities
(total: 15%)

5. Gait/limp
(total: 20%)

Total score

Extent of symptoms/alteration Points

S = Pain atstrain \1&171&1°
N = Pain during night time \1&171&13
D = Pain during day time (continuously) \1&1721&1)
R = Pain atrest (following any kind of strain) \1&171&1;

| = Pain atinitiation of movement & —-">—'—el®es’ —Zoe®\1&1Z1&1;
—"—71%1\101cee’'*'e1%1Z2101-"22>5¢21%1X1010eZ2YZ2>7

None 15
Orthopedic shoe, insoles, heel cushion 10
One cane or crutch 5
Two canes or crutches 0
No limitation, maximum professional strain possible 20
Slight limitation, normal professional work possible 10
Moderate limitation, reduced professional activity 5
Severe limitation, daily professional work impossible 0
No limitation of daily and leisure activities and sports 15

eleteelle’— eS¢’ " __&>7e7(EZe1e7'?2>Z1SE'YI0'Z 1S —
“eZ>SeZle'—'eSe' " & —"1e7'®7>Z18SE'Y ' Z&1S—cl0e’

Complete limitation of any daily and leisure activities 0
No limp, normal walking is possible without a limitation 20
Slightly altered, limp after walking > 1 km (2 blocks) 10
Moderately altered, limp after walking < 1 km (2 blocks) 5
Severely altered, normal walking is impossible 0

Sum of the single scores 1 +2+3+4 +5

Table2. SeES—7"+¢—"S1eE">ZDP9pB123 @ Z{1Ty-1yYW

The mean age of patients was 54 years in the standard dose group and 58 years in the 6 x (
Gy group. Sixty-one patients had a plantar, one patient a dorsal heel spur. In mean, patients
'—1e'Zl@eS—eSrele"®@Z1le>" ™17 Z5Z1¢ H>1W[iY1-"—e‘'1<Z
Gy group for 18.8 months. Twenty-one patients had symptoms on both sides. In 28 patients
the pain irradiated into the calf, only in 18 patients it was localized to the sole of the foot. Two
patients had received surgery for LD-EBRT.
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‘YZZ1-"—e'®1SeeZ>1'Z>S™MC¢C1 1YSe2Z®edl ,1S—e1 ,eE"
the standard dose in comparison with the very low dose treatment arm. The higher pain
sZe'Ze1>Z @271’ —1S1<Z247Z51 i1 ZeYZ1-"—e'1SeeZ>1e'7

\1%1IViIW1 ¢1'Sele”15ZEZ'YZ1S10ZE " —ele>2Se—7Z—el®’Z>'’
comparison with only 17% of the patients in the standard dose treatment group. As the sec-
ond series was applied with a standard dose (6 x 1 Gy), patients in the 6 x 0.1 Gy group wh
25721>72'5>Se’SeZele'” Ze1287See¢1eSY " >SceZ1572 @22 @1E " -™
>"7™] ‘“le’el —"el>ZEZ’'YZ1 26.0EMES " Why theEseromd fdagment series in
c e lE —" ESe1eZ4’ —+1SE+Z2°1S®1S1 ©SeYSeZ1e'Z>5S™¢i 1
'e'1S1e " el1>70e™"—Z21Se>7Se¢1Se1Y1-"—e'1572-S"—Z1ce
Z250'25=">2081%"" ®@1z—eZ>e'—Z®1e'Z1e"—e,eSmee’'—+1Z ESECL

E77210'eZ217Z ZEeel ™ >1e —e o75-1e"i"E’ 'e¢le’el—"e1"EEZ>]

In conclusion, this randomized trial established a dose-response-relationship of the analgesic

Z ZEe1"e1 81e'Z2@1I™>7 Y e’ —e1SIEs'— ESe1S—el—Ze¢ " e e
LD-EBRT on the clinical course of painful heel spurs. The early termination of the study was jus -
o Zele771¢'21'—75'-1S—Sete’'ele'™ '—ele's—' ES—els 7>

"ol e>7Se—7—1S>-0i1l *’eeBdle'Z1>’Sel Sl —"elcs’'—sZsd1l0
S S>Z17e1e'Z1>Z@EZ'YZele"®Zil 'o'1-"0Z25—1¢"—7S>1SEEZ+7Z>¢
nearly impossible. The only option would be a shame irradiation with closed collimator jaws,
reducing the dose to the unavoidable “leakage” radiation. A much easier and straight forward
way was used in the above-mentioned study by application of a minimal physical dose with 0.1
Gy. Another critical point might be that only half of the patients were examined 12 months after
therapy (N 1% 1Y\l “"ael>Z2EZale'Z1>Z2'Sc’e’e¢170le ' Z1ceez¢1>2
"7 1—"e1S ZEe1e'Z1>7Z 7 ®@1E"—EZ>— —e1le372Se-7—e17 G

Another potential confounder not only in this study but also in all other published prospec -
tive and retrospective case series might be that a lot of the patients had received diverse anc
other conservative therapies before being referred to LD-EBRT. An interaction between one
of these other treatments and LD-EBRT cannot be ruled out due to methodological reasons

“el>Z ZEe@1Ee—"ESe1>ZSe’'eCil ¢'0ed1S—1"—eZ>SE+""—1
is rather unlikely and counter-intuitive, as patients were referred to LD-EBRT after the clinical
failure of all the other conservative treatments.

XiXiXi1l " —ele51e'21—"—"—3-17 Z@E'YZ1e " @ZA1" ™ — £~
XiXiXiWil '—eeZ1e @Z1Vi[1YeilW1l ¢
“1>8 e —'f£7elceeie’ 7001l —VZe'+SeZ01' 217 ESECLI1Vi[l

‘21 >ele>’Sel S@IE " —e7E+Z+1<¢1 Z¢e1Z1SeilyYVpil ‘Z¢
0.5 Gy twice weekly (low dose) and 6 x 1 Gy (standard dose). A linear accelerator was usec
S™MM™eg' —e1S10e’'—eeZl ZeeleZE ' —'8§722Zi

Inclusion criteria were clinical signs of a painful heel spur, radiological evidence of spur
¢">—Se’ "1 ™Se' 7 —e1SeZ1AYV1¢ZS>01S—e1S1>Z¢S™MEZl!
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patients >45 years LD-EBRT could be used as the primary treatment. Endpoints of the study
Z>Z1E'S—eZ01’ —1+'Z1 "5’ ¢’ —Se. 1 G $ha®Eds-dacuntented HetoreEID-
EBRT, at the end of the course, and 6 weeks and 6 months afterward.

One hundred and thirty patients were randomized. Mean age was 58.4 years. A 102 patients

®Z 2>Z+1>"—1S1™eS —eS>581"—721™Se’Z—e1e>"-1S1e¢ 5058
—1-72S—081™Se'7Z—e@l1‘Sel«ZZ—1®2z Z>'—eles"—1@t-—T™e"—

been present in 58 patients for less than 6 months, in 72 patients for a longer time. In 7 heel
: 1 Sele'Z1l el Z>S™Z7¢’ EL1S™M ™, "SE"]

At the end of LD-EBRT, 66% in the low dose group vs. 59% in the standard dose experience:
an improvement in symptoms, 6 weeks later 80 vs. 85%. At this time point, 1.5% in eact
>T7™15,7Z™ " e7e1S—1"—E>Z2S®Z1’ —1@¢t-—™e"—®d1IW _1VYeil
o Z>Z—E®Zel Z>2Z1—"Z+il —1ES®Z1"e1l'—®2z ' Z—1+>7S--

leZ>'Zeil ‘2el1X\1Y®ilY]-1 Z>Z1+>72SeZ+1S10ZE~—e1¢’
these patients reported a further improvement. Six months after LD-EBRT 88% of the patients
in both groups had an amelioration of their symptoms, the remaining patients reported no
change. During the EBRT series a slight increase in pain was reported by 26 vs. 29% of tf
patients. No other acute or late toxicity occurred.

—1E —Ee70 "—81\1%1Vi[l ¢1s "EZ1 272"+¢1 $Se18wlZ 7E

‘ZweZl>Zcezeeel Z>Z1E"— >—-71<¢1S107EYpidl43 ZTS£7»3
patients between 6 x 0.5 Gy (low dose) and 6 x 1 Gy (standard dose). In contrast to the abov
E’'«Z«1 Z¢e, ce-Fat XirgyYWiit (orthovoltage) and not linear accelerators was used.

Se'Z—e®@1>ZEZ2'YZe1S1e’ —eeZ1 ZeelU\1%I1IMN1E-1"—1'Z1™s

7, %7581 'e'1e"Z>EZ,s", " —1'®*S—EZ10 Ul +1ZV1IE-il
®Z>'Z®el S®l™ Z>Z2+1+"1™MSe’Z—eel '¢'1S—1'"—®z E'Z—1>Z
CS score and VAS values were measured before and at the end of LD-EBRT (early response
6 weeks (delayed), and 2.5 years (long-term) afterward.

'e'1S1—Ze'S—1e7ee” 7™M]1 el VYX1l-"—e'e1+'2Z1-2S—1 1YS-.
delayed, and long-term response for the 0.5 and 1.0 Gy groups were 65.5 + 22.1 and 64.0 + 2
(P1%1ViW_1081YZir111XZpED.$2);239.Y + PH.8 448 Y4 P6BI(.VIiW\ i1 !
XZiY 1S —«1W Dpuwil WiSiinfidéiesults were obtained for the CS score without any
e'e—' ES—ele’ 757Z—EZoel<Ze Z7Z—1<"o'1le"@Z1le>"2™mx]

S"7—1e"07'7>81'21S<"YZ,—-Z—e'"—7eloee7e’'Z@]1™> " "e7e¢1S—

C1'—1E" -™S>’ @™ —1«"1\1%1W1 ¢dl1e'7@leZ — —1S1—7 1C
Vi[l ¢1le "EZ1 ZZ2"«¢1Sele'Z1—"—'-72-172 ZE'YZ1"®Zi
Ze>Z1™57" —e1Vi[l ¢1Sel1e'Z1—7 1@eS—eSrele’ —eseZle "

'—E>ZS®Z1Z ESECL —1>ZSE" —ele'Z1 “ee 1E2-72+Se'YZ1e"
Niewald et al. randomized between 6 x 1 Gy twice a week (old “standard dose”) and 12 x 0.
¢Cle 52721« —-7Z1S1 22710 Zi™ 75 Fhe-aimSwas siatejifst iidl get comparable
sZZee@dlczele 10750751’ —™"YZ71¢'72Z1S—See7Z’"E1Z ZE+|
'—01S1eSeZ5Se1" ™M™ ' o] ZeeleZE'—'82721 Z>Z17cZ¢i
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ce « 7«26t Clinical evidence of a painful heel spur, and duration of the symptoms for more
¢'S—1\1-"—¢'@01>Se’ eT ESe1I™>7 e 17e1S10e™251"5-S¢’"—0
at least 70%. Patients with previous radiotherapy or previous trauma to the foot, rheumatic
or vascular diseases, lymphatic edema, pregnancy, breastfeeding, or severe psychiatric dis
“seZ>001 Z>7217ZiEezeZ0il T—E " —"eS—e1e'7Z55™M¢1 'e'1S—SeeZ¢
receiving surgery or shock wave therapy after randomization were excluded.

Endpoints were the SF-12 sum score, the CS sum scorelT@ble 2), and VAS. Follow-up was
scheduled every 6 weeks for 1 year.

Tt Z2—e>Z7e1S—ele 5001 ™Se’Z el Z>Z1ESeEZ7eSeZele 1707
CS score, with a power of 80%, and an error probability of 5%. After randomization of 127
patients and an interim analysis of 107 patients, the study was closed early, as the intendec
'— E>72S®eZ71'—1S—SeeZe’E1Z ESECL<CL1e'Z1Z{™Z> —Z—eSe!

The mean age of the patients in the standard group was 56.1 Gy in comparison with 58.1 Gy
in the experimental group. The mean duration of symptoms before initiation of LD-EBRT was
W]1Y@ilW\l-—"—e¢'eil —1 ~—1"ele‘Z1lm@eS—eSsele>"7™1S o1
spur was treated, in 2 and 7% a combined (plantar and dorsal) spur.

Zaezee1SeeZ51Y1-"—e"'el"'SY 725 IoAger folmwaip had yettd bE plbfished.

00 Z>1Y1-"—e' 812521 Z5Z1—"1® s—' ES—ele’ Z>Z—EZ®e1l—
mental 44.4) nor the CS sum score (28 vs. 28.4) nor in the QOL (SF-12) scores. Although longer £
¢ ,2™1'S0ele”1<Z1S S'eZ81S1e25'7251'—E>Z2S®Z1’'—1+'21S—¢
times a week is unlikely. This is why this fractionation schedule is currently not recommended,
as it does not follow the “as low as reasonable achievable” principle of radiation protection.
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tested in a prospectively randomized clinical trial. In radiotherapy of degenerative joint dis -
“yeZ>@Bloe’—eeZ1e"@Z001" 1S 2e1ViY.ViZ1 ¢1 Z>217Zc«Sce’¢
S—el™Zce’'Zel —1W WYPRBL—eZWZ]V1yYZoee7e'Z1l " —1ES-(
®Z>"7@1E —EZ>—el " —1e'—e+Z1le"®Z®1S®ls" 1S®l1ViYl

ZeZ—®E'~"Z200172+1S+i1S—Se¢EZe1e>2Se—-72—172 ESECL —
5Z1e>72SeZe¢le> —1W _~Z W__Z1 ’¢'1 »>S¢17z—"ec10X[V1” &X
Sla’'—eeZ1 Zee1 M) SkbeityinEhetly received 12 Gy with 6 x 1 Gy (three times .
27"01.\1 2271 Z2S71.1\1%1W1 ¢10+>"2™1 Ud1[V1‘ZZec1l Z
O0e>"2™1 WiUB1S—elYN1'ZZe01WVI1IY1Vi[l ¢1ZYZ>¢1S¢10e>"
®7Z-"87S—e'eSe'V71™S’' _1E " >Z1Y1-"—e¢'®1S—e1"—1-72S—:
‘21-7¢S—1SeZ17e1™Se’7 —eel Sel[[1¢Z2S>1’ —1>"2™1 1
duration of symptoms before LD-EBRT was 8 months, in one-third, the symptoms persisted
for more than 6 months.
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with partial remission of the symptoms: The best results in these patients were achieved during
longer follow-up in group B1 (10 x 0.5 Gy), followed by group A (6 x 1-6 x 1 Gy), followed by
>"7™1 X10WV1%IViY1l ¢Uil ‘Z1S47Z51>"7™1e'” Ze1Sle’ +—
toms than the other groups.

1>Z¢2EZ17Z ESECL Se1See™1>Z™ 071’ —1S—"e'7Z>157
‘270 1572SeZe¢1 '¢'1S1@ —eeZle @Z17e1ViY1l ¢1e>7271<'}
—1ES®eZ1 1 ' —®? E'Z—ele>28e—7—el1>7Z@72eeele'Z1™S.
o771 >0001>72Se—7—e31 " —e¢1WY=-1>Z™">e7e¢1 §1—7S>e¢1
LD-EBRT.

Taken together, to the best of our current knowledge a single dose of 0.5 Gy is standard of car
S—el@ "Zeel —eC1lcZ1-"¢ Zo1l'—1E —e>"0eZelEe'— ' ESs1s>'S

2.3. Risk factors potentially associated with treatment failure

In Table 3 selected contemporary randomized trials and patient series are shown broken
o7 —1'—e"1®@ZYZ>SeleSE+">@1e'Sel "0l Z1E >5Z2ZeSeZe1 "o~
Y'Z 81 Z1e'el—"ele’ 7>57Z—e'SeZ1<Zs 272—12—"YS>'SeZ1S—e1-
to collect all ever published data.
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Duration of symptoms before start of LD-EBRT has been shown to be correlated with treat-
—Z—+17Z ESECL' —1—7-7>"7@1lmeezs’Zcei
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months. Also Seegenschmiedt et al. found in their large collectives a correlation between the
©75Se’" —17e1'Z7e1™S’ — 1S —e 13t @ el EEAlYy 727Z—EZ

eT—el<Ze" 71 1 Se1See™1>Z™>e7¢1’'—1]Y 1"} BMtted Rigtary(
“elY \1-"—e'@d1e'Z1 1YSe7271 Sel>Ze7EZ1<¢1M[-81X 1"
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‘Sel«Z27—1 E?22-24-¥¥YY  §Y]. In contrast to radiotherapy for oncological indica -
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gender.



Study (citation) [30] [26] [24] [37] [39] [22] [38] [40] [83]
Type Rand Rand Prospect Prospect Retrospect Retrospect Retrospect Retrospect  Retrospect
Number of heels WYV 66 170 1Y \ XY 502 285 161 7947
Energy MV MV KV MV KV MV, KV MV KV MV, KV
Target volume calcaneus calcaneus calcaneus entire dorsal and insertion of calcaneus calcaneus vs. calcaneus  entire dorsal foot
middle foot plantar fascia insertion of vs. calcaneus
calcaneus vs. insertion of
plantar fascia
Dose 6x1vs.6 6x1Gyvs. WXO0O1lYd1qGygincreasing WIi[10W.Y 052026521 Gy 6x1Gy6 6 x1Gy VIiY.WIi[1l ¢0
x 0.5 Gy 6 x 0.1 Gy single dose) 9-12 Gy (1-45) x 0.5 Gy weekly 2.5-18.76
Gy
Potential factors
"oee > 171 0 n.i. + + 0 + + + +
symptoms
Gender 0 n.i. 0 n.i. 0 0 0 n.i. n.i.
Patient's age 0 n.i. 0 + 0 + + + n.i.
Initial worsening n.i. n.i. n.i. n.i. n.i. n.i. n.i. n.i. n.i.
of pain during
LD-EBRT
MV vs. KV n.i. n.i. n.i. n.i. n.i. + n.i. n.i. 0
Number of n.i. n.i. n.i. + n.i. + n.i. n.i. +
therapy series
ZZelcee>Zeeii?z>’ —+10 n.i. + n.i. n.i. n.i. n.i. n.i.
LD-EBRT
Note: IVAL—"1E">>Z¢Se’"—1 "e'1e578e—7—01"7¢E " =201 ALE >>ZeSe’"—1 "e'1e>72Se—7—e1"72eE"-7201—1"ifAl—"01" —7
>'Se01>Ze>"@™ZEAL>Ze>"e™ZEYZ1ES®eZ1eZ>' 20001 Al e Y eeSeZ01l Al-Z+SY eeSeZi

Table3. SE+">®e1S®ee " E'SeZ¢l 'e'1e528e—7—9017 ESECL'—1E " —eZ-™"58>¢10eeze' Zcei
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\1 ZZ"e1Se+7Z>1 ]. Agelsomgwhat over 50 years seems to be important: >50 yeal
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the end of therapy, 6 weeks, 28 months, and 40 months later. Additionally, subjective mechani-

cal heel stress during LD-EBRT was estimated. A linear accelerator (10 MV) was used, applyinc

"—Z10e’—eeZ1 Zeel 'e'1S1e’E£Z17 IWX1Y%IW]1E-i1 Se’Z—ee1

5 Gy, with increasing single fraction doses (0.25 -0.25-05-1-1 -1 -1 Gy). Mean pati

age was 54 years, and all had a radiologically proven plantar spurn, mean symptom duration

before LD-EBRT was 6.5 months. Nearly all patients had received other conservative therapies
<Ze">71 1 'e'1l'—ez E'Z—el>Z@7cecei

Interestingly, VAS scores decreased continuously during LD-EBRT: before treatment the mear
YSe7271 Sel1\iY111Wi[81SeeZ>1e'7Z1 >0l 2727171 1I\iX1pk
ViV[Ud1SeeZ>1e'Z1e¢' >¢1Zi]111X7Z81S—e1Y[&D0DRiSkeekselaiedth
YSe72Z1e25¢' 7517 E>7ZS peZ0.004),128 inbhtKs pftel LD-EBRT to 1.6 + 2.p € 0.01)
—Z71¢7Z2S51eSeZ51—"1e75¢'7Z>17ZE&>Z2S®Z1 Sel—"¢" EZ1UWin:
ESe’"—17e1™S’ —1e75 —ele'Z1 |, leZ>'Zwil ~ ZYZ>81+'Zce
increasing single doses (see above) were used to avoid this phenomenon.
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e'e@?2Z2001Sele'Z1cZe—— —el"ele'Z1e>72Se—7—eleZ>'Z0edl !
ESEC1™1 41]. 1y
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cantly associated with a good response.
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LD-EBRT and recurrence of pain during follow-up. Treatment with MV (6-10 MV) was a

®'e—"' ES—e1™>7e _"@e'ELsSE+" 5151 ™S 157" 701" —1-7

with an eight-year event-free probability of 68 vs. 61% after X-ray beams (175 kV). There

S>Z1e "1™ " @e’'«eZ17Zi™eS—Se’"—_le >le'’el —e ' —efilcZ’

authors postulate a more homogenous dose distribution with MV treatment in comparison
o'l P2F.

XiYiI\Tl 2=<Z2>17¢1e'Z>S™MCI1E"2>Z®1>287'>2¢
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evaluation vs. 86%).
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after reirradiation.
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About 75% of the patients were treated with 6 x 1 Gy, the others 6 x 0.5 Gy. The pain wa
assessed using the numeric rating scale (NRS) before and at the end of LD-EBRT, 6, and
weeks, and 6, 12, and 24 months thereafter.
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lioration of their symptoms after the second course.
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28 and 40 months after LD-EBRT.
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tive treatment results, too, they proposed that older patients are often retired, thus being able
to take more care of their heels.
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patients into the studies. Furthermore, most of the prospective and retrospective series warranted
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length of 6.5 mm (range 0.6—25 mm). Patients without evidence of a plantar heel spur hac
Sloe's—' ES—eet1 ¢ Z>1E'S—EZ1"*1 1SeeZ>1 10zZY1Y
e71@™Z>@1E ™ >>7ZeSeZele’s7@Eeet]l 'e'1e>72Se—7—e1"7e¢E " -27171
“elZi™MZy'Z—E'—el 1'—1E"-™S>’e”"—1 "¢l >eZ>1 " —Zcei
<Ze 27 —1e57Se—7—el>7Z07e21"¢1'ZZe@1 ¢ 7ele@™Z>@1S—-

"REEELEC"1Z01Sei1>Z2™ 071" —1YX]1™Se'Z—ee10\XY1 |, 1oe:
707See¢C1IW——1 71 eeZ>0001 'e‘le’ —eeZle " @Ze1™+1Wi[l ¢10>S—
S—e1WX1 ¢10>S—eZ1W.Z[1 ¢lUlyY _pil ZS—1oe™2Z>1e’£Z7Z1 Scel._
up of 74 months, no correlation between spur size and duration of pain relief was found. Analysis
concerning spur length and treatment outcome in itself were unfortunately not reported.
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treatment outcome. By combining these factors, models can be calculated, that predict treat
—Z—e177e@®"=Z1 '+'1S1e 1 ™57 c<Sc’e’e il —1ZiS—™eZ1le>"—1e";
inTable4A1'—1XA[1'ZZecele>ZSeZe1 *o*1\1%1W1 ¢&\1Y%1Vi[l ¢1s
istics age, spur length, and duration of symptoms before LD-EBRT alone and in combination
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——81S—e1S1e75Se’"—1"¢1@¢-—™e"—@1IAWX1-"—e‘el ’¢'1S1™
S—el 17¢1Y/ —10 1IXX.[M=UT1 "¢ "72e1e'7Z@Z1E‘S>SE+Z>" e+’ E
_.YY—=-Uodle">1 1YW-10W].Z*r-0i

2.4. Technique

In modern radiotherapeutic departments, X-ray sources are less and less available. This is why
nowadays most patients are treated with linear accelerators, which were initially developed for
©'71e52Se—7—21"e1"—E "+ e’ ESele'®ZS®Zeil ~ 2YZ>81'Z®Z:
“el«Z—'e—1e'®ZS®eZel '+'"7e1S—¢1-"e ESe T —0@17H>1™> e~
¢ ZE ' — ESed1S—e17>eS—"£Se"—Se187Se’e¢1Se®z>S—EZel"’
source, the concentration on accelerators and their use for all indications is recommended.
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Patient's No spur or Duration of Probability of
age >53 e ™ %51 A\i[1-symptoms No ch Partial . c |

<12 months o change artial remission omp e'te

remission
1 1 1 VIiYAMLAVIiXX.Vi[ra Vil
Viv]1aVvivY.Viwzi

1 1 0 VIiWY1aViVvV].ViX~i ViY]1aViXW.Vi[]l
1 0 1 0.15 (0.06-0.24) VilYlaVvivYY.Vi]Xa ViY
1 0 0 ViX[1aGViWY.Vid.ps (0.27-0.69) ViX]i1aviw®
0 1 1 ViW]1aViWV.ViYWil ViYYLOVIW_.Vi[V
0 1 0 ViYZ10ViXV.ViDp¥ad (0.24-0.59) ViX\1aviw?
0 0 1 VIiYV1IGViXV.VizZ\i ViX_1009.aM0.2v5@&56)
0 0 0 VIi[]W1aViY[.Vi\_u VIiYW1aViWw].Vviz~ia

Table 4. Probabilities (95%-ClI) for NC, PR and CR calculated by polytomous logistic regression in dependence of the risk
*SE"H>Ee1SZ81™7>51eZ—2¢'31S8—el1e7>Se’ " —1"el@t-_Me"_@1cZe">7Z1 |, 1Sa
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For irradiation of the heel, the patient has to be placed on the treatment couch with the feet
¢” S>ele'Z1eS—e5¢1"e1«'Z1SEEZZ>S* 5100, ESeeZel ¢Z7Z-]
S>7Z1 'eZe¢17@Z+i1 Z1ES—1<Z1™eSEZel'—1z™'—71 ™ e
out, while the other leg is angled. Another option is to place the patient in a lateral decubitus
position on the side of the involved heel. Again, the symptomatic leg is stretched, while the
contralateral leg is bent, with a cushion placed beneath the knee. Using X-rays, the ipsilatera
knee is bent by 90% and the foot is positioned on the treatment table. One anterior-posteriol
0 01<¢ZS-1"017002Ses¢1lS™™e’'Ze1’' 1o’ leZE' —'§2Zi
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™M~ 0e’e’ " — (115572180 1S™ Mo ' ESceZ1<701S57"721S 1’407 1c e1e”—u
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the calcaneus Figure 11l ~ ZYZ>81'72>21'Swe1—272YZ>1<27Z—1S1E+' —'C
SeeZz-—™e " _1e:S—eSeZE@l —e"1S—C¢C1E+— ES+1Se¥YS—eSe71
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Zeoel @1 ™ @'’ " —Zele'>ZEee¢1"YZ>1e'Z1™eS—eS>1'—@Z>’"
the patient table and the gantry to compensate for inclinations of the patients surface in the
'5>Se’'SeZel Zeoil T ZVZ>81e ' ®@1eZE ' —'87221 ®@15Z2S>eZe1™>
e"s@lezZ1e 10 210" Z1<¢Z2'0e,7™1Z ZEel —1'Z1E>'«'ESele'(
Figure 2: photons with 6 MV reach just the half of the prescribed dose at the skin level, 100%
'@ 1>ZSE ' Ze1SeIWi[1E-1'®ZZ1¢Z™e'i1 ‘"l “Zeel>Zazeel-
©7>Z@10™eS—¢S51¢SeE’'S1S—+1'ZZe1e™2z>0il1 "1°YZ>E " -21
diameter must be positioned on the skin before radiation.
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Figure 1. "eZ1e’'0@e>'<Ze’"—17ele “1e’ 757 —ele57Se—7—ele7E ' —'8727201eZ—25Se7Z-
1S—e1 1“Z200e1™"—Z10 —+eZ1\1 1™ e”"—1 Zeel( "1%1MN1E-(1'1S™™e'Ze51

TMIMT e’ el Zesoele> —1VIS—eIWAVUiLl —1e'Z17™™Z5157 §le'Z10e”,ESeeZel <7
respective dose distributions on an axial CT scan directly at the calcaneal insertion are shown. Note the more uniform
eT@Zle o>’ <o’ T—1 et 1" MM @’ o] Zeeeil ‘Z1 _ [-1'@"+"®@Z1'ce1’YZ—1S@®1S1
™Sreel ele'Z1IESeES—7S8e1<"—71"—1 10" ™M™ "’ —el Zeeeile'S—1'—1 100’'-
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Figure2. Z™e ' 1@E2>YZ 01 ele’ Z>7Z—e1—-7eSV " eeSe717—75¢'7il «2721\1
"ot &0 —10eZ™e ' IV1I——(181"—e¢1'Seel(0™>1ZYZ—1eZ0ccel "¢ 1W[1l (17ele'z1™
<Ze 77—1™"e" _@1S—ele'Z1e’@e?Z28& S*7581'72>71'®1S1®@eZZ™1'—E>Z2S®eZ1l’
Se18¢"2e1Y1E-1eZ™e*1 "e*1W[1l i1 ,5S¢'Se'"—1,7ZSE'Zele'Z1-Sj' —2-1"Z1-
More information is given in Section 2.4.

1™ e ¢
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3. Toxicity and potential risks of LD-EBRT

Patients are often sent to the radiotherapist after a long unsuccessful history of diverse conserva
tive treatments. The reason for this is a widespread fear among general practitioners that LD-

1-'e'e1¢Z1Se® " E’'SeZ+1 ''1@ZYZ>Z21®’'*Z21Z ZE+*®©1S—+1>
>ZSEe " —@l1™e1e'21—2>YZ®151YZ0eweZewe1>282>21-2@E" 1"« Z>
ple, a dose of 45 Gy in normofractionated oncological therapy is considered to be safe for the spi
—Sel1E™>e1S—el1e'Z577 5715’ 44| IREripheralBedves Efe &/8nmaetddioresistant
EZ2+Z1H51E S —" E€Lle'sZ,Z ZE*w©1'SYZ1—2YZ>1<2Z—1>2™"5¢7s

3.1. Acute reactions of the skin

E7eZ10’ 217 ZEew1S>Z21—Ze¢'¢'«2Z81S®1YZ>¢1+" 1e"Zce]
S ETe " ESe1e578e—7—ei1S>2Z18™M™Me'7e1e"181e'@eSe17Zj
or 6 Gy is far too low to cause any acute or late reactions on the skin overlaying the calca
neus. During normofractionated EBRT (single doses of 1.8-2 Gy, treatment on 5 days a weel
250 7Z-S1S—el—"0e17¢7-S1eZYZ"BA e LIMZ3M ¥V ¢S~ —1
45 Gy, moist epitheliolyses at about 50 Gy. A 50-60 Gy might cause telangiectasias years aft
«'71«'7Z>8S™¢il “"eel'el ‘¢le'Z>71'@1—"1>Z2™">e1"—1SEZ2+71
now to the best of our knowledge.

3.2. Initial increase in pain during LD-EBRT

About one-third of the patients might experience a slight increase in pain during LD-EBRT. In

©'Z1>S—e"—"£7¢1¢>'Sel1c¢1l ZGeelZe1Seile’@l™'Z—"-72—"—1 ¢
X —10\1%1W1 ¢UlyYVpPil ele”"Zoel—"010ZZ-1"1<Z1E >57ZS-~,
e S —1'@l1e’'YZ—1"—1 ZE T —1XiYiZi

3.3. Impairment of gonad function

‘21 0710 ES4757¢1¢ 1721 -SeZle"—Seel’eloe™—Z ‘Sel' !
ESeE®7eSeZ¢1¢™ 5>1\1%1IVI[1l ¢1S< 2e¢1Wi[l—- Y1>ZEZ'YZ1<C¢ 148]
T_™S58¢eZ1>72007200®@1'SYZ1>7Z™7SeZ0e¢1<H748]1-72S7>21" —

S"Z—1e"eZe¢' 7581 21" ®@Z1>ZEZ'YZe1c<t1le'Z1e"—Seel'@l —E¢
©'SeZed1e@E®S4Z5Z1e" 21710 21" —Se®@1'@1E"-™S>SceZ1e"
YOpil 217572085017 ZEecel ele'ZeZle " eZ0e18>21Y746]1 ce—
Although spermatogonial cells are very radiosensitive, a single dose of at least 100 mSv i
— 7779171 —e3@E®Z2181Z-™"5S5¢1 5" «50ZA SinglesdtsZ of FDOVAS
072872'YSeZ—ele¢"1 W1 ¢1 ™ "e”—1"5>8¢’Se’"—_(i1>7ZcZeecel’ -5
Interestingly, fractionated doses harm these cells even more. A temporary oligospermia is
>Z™ 0701 See75157ZEZ’'Y' —e10ZYZ>Se1e>SE+""—cel7591AN 457
ospermia lasting for 14—-22 months has been reported for fractionated doses of 620-860 m¢
y [IYThe actually during LD-EBRT received testicular dose is about 100 times smaller than the
lowest dose causing temporary changes in testicular tissues.
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The dose to the testicles can be further reduced by utilizing a special testicular shielding.
T ZYZ581Ee —"ESeet1-Z2S—"—eeiele"®Z1>Z7Es " —®1'SYZ
"ol @Z<e'S™ S e S E&™MZeY —Z1eC—-™MBRIBHE1>7Ze " —01 >107-

‘Z1-7S—1eZ¢'Sele” @71 >1'2-S—1""E¢eZe1l'S e l«Ab-Pdrihanent
ovarian failure after radiotherapy is age dependent: in perimenopausal women, a dose of 6
tl'celoe? EBpDL¢1471'—1¢"72—eZ51 "—Z2—172™1e"1XV1 ¢1S>571«
©'Z1°YS>'Zelez>y —e1 1¢H>1ES ES—Z2"+¢—"S1ES——"+10

Naturally, pregnancy has to be excluded in all premenopausal women before beginning with
LD-EBRT, to avoid any risk to the fetus.

3.4. Induction of malignancies

So far, no studies with long-term observation periods have been published, describing a case
“el1-Se’e—S—ECL —ezEZe1lcCl 1+ 51ES-ES—Z"+¢—"Si1l
'®@1S1ee"E'See EL1Z ZE+1 "1’ "— £ —e158e’Se’"—i1 “el-27
contrast for example to the above-mentioned reactions of the skin. A photon can accidentally
trigger a mutation, which in turn leads to tumor formation many years later. The higher the
radiation dose, the higher the probability of such an event occurring.

The best available data on tumor induction of full dose EBRT in oncology has been col
lected in patients treated with breast cancer. Almost 11,000 patients have been followec
for over 20 years. The risk of a radiation-induced tumor was approx. 1% per decade after
»8e e 7, BBLELY

To estimate the risk associated with much lower doses of LD-EBRT, mathematical models
on the basis of epidemiological long-term observations of atomic bomb victims have been
e ZYZe"™Zelc¢ 151 1y

S—0eZ—171Sei1S™M™e’Zele'71 1-"eZe¢1"—1 A6]. ABSures WaS
Sloe'—eeZl ZeoelZ—e7Z>'—elSele'Z1le " el eZ1 '«'1S1®’ £21"«
">1S—1 1eZ>'Zoel "' 1\1%1W1 ¢1'Z1SYZ>SeZ1S4>'¢7s¢
fatal tumor was calculated to be about 0.5 in a thousand patients. An important risk factor for
radiogenic-induced cancer is the patient's age by the time the radiation exposure occurs. The
>'0"1'®1Se>Z2SeC1>Z¢7@E 21" —1e'Z1Y501eZESeZ17e1e'Z1™Se"7
«*71S+71BON Epplyigig these calculations, the estimated lifetime risk per one thousand
™Se'Z —e1e751S51eSeSelez-"51SEE " Z—ele">121SeZ217+1)
ViX&ViYd1le™>1e'Z1S46]7«1][1ViV]&ViWL1ly

T ZYZ581'e1-700e1<Z1E>' e ESeeCl—"eZele'Sele'el-Se'Z-Sa
tion protection and relates to the exposure of complete organ systems with approx. 1 Gy.
‘25297572817« 2515 2™ @1S>02721¢'Sel1S1l@’e—" ES—eeCle” 7>
S™M™,"i11eZ—1e¢—Z01e+Zce /049 Bl BurthdrBoré ™akén th¢ new standard
scheme with 6 x 0.5 Gy into account, these risks are additionally halved.

el e’li-SiTIW&WVVVILYZ>C1le'"Ze¢1—-2E 1" Z>ll-Z2a]
the not additionally radiotherapeutical-treated population. In 2008, the lifetime risk of a man
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'—1 Z>-S—¢1e"1eZ Z>1>"-1ES—EZ>1 Sel[Vi]-10X[i_—1"1«
S—elXViX-1>Z82WZE'YZC1ly

Cle' — e’ —ele'Z1S™M ™M ESe’" —1%e1 | 1>72Se—7—ele”1™Se’;
the juvenile “relatively higher risk” patient population is avoided.

Zi1l 2¢2>7Z1™Z750e™ZE'YZefll Z —'¢’"—1"e18727ce
trials and future research

ZiWil Ss>eZelY " e7-717 —'e'"—1"—1

>Se’e’" _SeetleSseZelY 07717 —' ¢~ —1'Se1<Z7—187"¢71+S>e
' EeZe —ele' 717 —e' 571 5@Se1S—el—"eeeZ 1+ " 38R (Figute3X3.1"

Figure 3. 'ZeeleZ —'o'"—@l’ —1 170181 ™S’  —e7e1™eS 08551771 @™7>&+S !
0217 —e'571¢>@Se1S—el—"eeeZ1e ™ eil0 i1l —1>S—e"—"£Z¢1le¢>’Seel1S—e1:S5.271
encompassing the entire calcaneus, including insertion of the plantar fascia and the Achilles tendon. (C) Proposed smal

ZeoleZ —'o' " —1e51e " ESe'£Z2¢1™S —07e1™eS _2S551eSEE" ' ®&™eS—+S51@™72
extending into the neighboring areas (calcaneus, fascia, fat pad).
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— 1" Z1>ZEZ—1>S—e " —"£Z¢1¢>’Se®e1S—e]1™>"e™ZE*'YZ1 ¢«
o’ —1 Sel-">Z1>Z0ce>’ E+Z+1S—-1E Figure ZB)1 Thk tardtGohimE SHn-
'ReZel el Z1ESeES—7701S—e1le'71>7¢ "26.1Thd vértral"thain-
is corresponding to the ventral surface of the calcaneus, the plantar and dorsal margins are
75> 7—e'—ele 710 ee o’ 2Z21¢>27>831S—e1+'Z1E>S}"Targkt
Y e7-721"@1'Z1ESES—772081—">-See¢1l ’«'1F'ThE caltanedsZanc
e Z1™eS —eS51S™™ _775 'l Z>Z1 — EeFHAZe1 —1e'7Z1eS>e701

—1S1 Z>-S—1—S¢'"—Sel®z>YZ¢1XVVW1 " —1 , 17e1™S" —
tion “large” (dorsal and middle foot) vs. “small” (entire calcaneus) was not correlated with
>72Se—7—e1"72eE"-Z21y"YpPil "—eZ82Z—++¢831YZ>¢1+S>+721 7
obsolete.

©ZYZ>81Sele'Z1 ™MSeT™MIge T ESe1 ESZ®eZ1l "1 ES-ES-
'— S——SeH¢1™>yTEZe®lleZZl ZET—1Widl'e1l'®el182Ze""-
irradiated (as long as there are not a plantar as well as a painful dorsal spurs). There are som
Ee'— ' ES+1+SeS1e'Sel@z™™ 5018175075152 0¢>' Ee'"—17 el

"Zeele'£7201'SYZ1<Z27Z—1'YZ—1"—1¢'Z10e2e¢1<¢1 '"oc£E
,>S ¢ 1 «ZS Jodarget volume was “... the insertion of the plantar fascia with a cal -
ES—7Se1®@™72>1S—e1S152Se™—S«<eZ1-S>e’—il ‘712 pineah i
cm?ii 1~ ZYZ>81See " 7e'l—"elZ{™e' E ' ee¢l@eSeZed1l—"1E">:
S—ele75Se’ " — 1701 ™S __157¢'7¢1See751 il >2Se—7—e17
investigated.

— 1218 YZ,-Z2—e'"—ZeleZ>'7Z®1l"«1X 12221 Z>-S——
eZ ™7 o7 —EZ1"e1l Zeele’'£Z@d1""1yY"pil2 Ndcetlation bEtwekrnt
Zeole' £2100—-SeeZ>1Y 0 PlLdSeA»bySe—T}1Z4F-ESE¢1 Scele"
“el@—-Seel Zee@1UGAL\1YI\1E-US1 -2+ 2] @LELIAS Zeed pd 1 D1¥-\0
®'e—' ES—ele 2>7Z—EZei

“el’el ‘¢l'eleZZ-ele"lez EZ1+"1Z—E"-™MSeele'Z1™S
"1 et Z1—7"'¢">'—21S57Se10ES FigBe3Z 1idld 1 BSWXE B 1ce3-
dation is deducted from pathophysiological considerations and the above-mentioned case
®Z>'Z®il 1>S—e"—"£7+1¢5>’Sel’®@1—ZEZ0®S>¢1e "1™ "1 Es"-
calcaneus” (Figure 3B) vs. “insertion of the plantar fascia” ( Figure 3C).

4.2. Fractionation of LD-EBRT

The optimal fractionation schedule has not been elucidated yet. All randomized trial used

o« "EZ1 277C1e>ZSe—7—e@il —eC1™"—Z17Z{™Z> —-7Z—+S+1S>-25].
In a National Survey in Germany with 146 answering institutions, about 45% applied two

H>SEe " —@1S—e1Y]i[-1>ZZ1k>SEe’"—o0el ZZ27+¢1y Y

— o757 —9*eC¢d1 —1e'Z1eS—e—-S>"1@eze¢1<¢¢1Y"—1 S——7 !
™751 772”1 SelZoeeSce' @' ZelyYZpil —e’el—" dle'Z>71 01—’
EBRT twice or three times per week.
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In radiotherapy of another benign disease (endocrine orbitopathy) a 1 Gy per week over 20

27270010 E'Ze7721 Sel-">2172 ZE+’YZ1+'S—1+'Z1@eS—eS>e1
~> 7 —e 1« B4)UAltHough other immunological mechanisms cause endocrine orbitopathy
1 E-™S>'e"—1 eI ™eS _eS51eSEE ’RILZ>Z1'@®le? €
'£Z7e1e5'Sele’ 7Z57Z—21>SEs " —Se'"—1@E‘ZezeZells "EZ1S]
week).

4.3. Comparison of LD-EBRT with other therapies

Other therapies than LD-EBRT have been applied in painful heel spur. In the following, just
a rough overview can be given.

" Z>Z—el" —e@l el —®"eZ®e1lS—eleTel e " Z®e1'SYZ1< 212
™eS —eSH1E"—eSEe1™>700@72>Z1S—ele"le' o>’ <7271 Z1™ 7

Se—Ze¢EL1'—@™eZele"1—"elwZZ-1"1 764 XS aZsh@tsterm’ freathremts
7 L CZ1eS™' —eleZE'—'87272®1S>Z17eeZ—17@Zil ~ ZYZ>81"
LY 77 e1'—1 soee,eeZ™ 1™ME 1 SeleZZ—1 —6B[E"-™
Manual stretching is often recommended. A systematic review of six studies found only sta -
e’ ESeetle’e— ES—ele Z>7Z2—EZe1'—1E -™S5 " —1 '
— 70 EZ1S—e1™eS__eSH@4SeE’'Slme>ZE'Zely

Several trials have investigated acupuncture. A systematic review from 2010 showed (limited)
ZY ' eZ—EZ1+">1+"71B7KEaridoized tombpdblished in 2014 recruited 84 patients
B8Pil ‘Z1S72e > 1E " —EeZ2eZ+831e'Sel e5¢1—ZZ0e’ —el1 ™5 Y o7
'— 1 ™eS 0851771 ™S —31czele'Z1—-Se—"e7e71 0l ®1Z Z€
82Z—EC¢1 7 e1—"—"51e>5S—@'+">¢1SeYZ>®Z1ZYZ—+®i

e S @7 —e1e'7Z>8S™¢1'SceleZe1" 169 Buka randofhized triaf ae ¢rye-astiay -
R"7Z—el "¢'1S<Z2e1WVV1I™Se'7 _—eel™7ce’'Zel —1IMMVWZ1lce""

Y ,eZYZeleSeZ>1le e el0\Y[1——Ud1e'YZ—1e "EZ1S1 ZZ"1+">1S1-
" "£7e1¢>'Sel 1eE " >Zelme’'e—' ES—ee¢1SeeZ>1"1 Z7APGll™—ZN
o'Z1leeZeClE " —™> @Zel e1“70el\ _1™Se' 7 —e@0l™e‘Z510’'—'+S>!

i>SEH>™"57Sel @' "E"1l SYZ®1S>Z1 'eZ«¢1S™™e Zeil 57271
5S—e"—"£7e1e>’Se@le”i—ele'e—' ES—ele'"re,0Z>-1™S' 157
510’1 Z>S™MZIIEAPTIM e Tyl eeZeC1E " —™S57e1° 715
®"7Z—e1S—ele'"E"1l SYZ1e'Z> 3G The resuli® bligdeStetiZhat ¢loe $hyock wave
¢ Z>S™(¢1'Sele372Se751S—SeeZ® E1lZ ESECI

—"e'751<Se'ELS™MM™M,"SE'1' @121 5>Se1Se—"—"0@e>Se’"—1"
(NSAID) to achieve a symptomatic relief. Injections into the painful area are also recommended.
A recent review summarized ten randomized trials on corticosteroid injections into the plantar
cSe@®Bilyle's—' ES—e17 ZE+1"ele'ZleeZ> el " —1e'Z1™E
usually short-term, lasting 4—12 weeks in duration. No advantage of ultrasound-guided injec -
T —1e7ZE'—'87701" —1E" -™S>’@"—1 'e'1™MSe™Se " __1e7 eSS —
type of corticosteroid over another was seen. A longer lasting pain relief has been suggestec
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<01S10e—Seel>S—e"—"£Ze1¢>'Sel "ol < ¢7e7TH- Ancther jOptich istHe ilec -
" —1"e1S8 7 e 7@l ™eSeZe7e¢ s E'1™eS@-Sil 1>ZEZ—+1>2Y"
' T —el ™y e MBI A ZENELIFLSIYZ5¢10e—Seeler'SelESee7.
™y 7™S5Se’" —831Se1e'Z10S-Z1E«'— ES+1Z ZE+'Y'+¢1 Scel79
" 257 —e10Zi>e ESe1S™MML " SEZ®1'SYZ1<ZZ—1ZYZe"™Z0i1
'—le"-Zloeeze'Z@1E " —< —Z+1 80 Buec™ probaldyola&teE reCovelyyafter
surgery with comparable functional results endoscopic procedures are recommended nowa -
« S ¢ &1]L Burgery is usually indicated after failure of conservative therapies as the ultimate
“salvage-therapy.”

There is only a limited amount of studies randomizing patients between LD-EBRT and the
above-mentioned alternative therapies.

S—C¢'e—SE£E171Seil>S—e"—"£7Ze1WXY1™MSe'Z —e@lcZe 2Z—1
and 1 ml injection of 40 mg methylprednisolone and 0.5 ml 60 mg 1% lidocaine under the
©7'eS—EZ17 1 ™™ Se7>1¥YS—el\1-"—e'@d1 1YSe7Ze1S—
<Ze ZZ—1<"e'1e5"7™@il seZ>1Y1-"—e'®d1le'Z1>Z07%°@1l —1-'
superior compared with those after injections.

T1ET>> <> SeZ1e' Z@Z1l —e'—e@dle’~'+Ssleeze’Zeloe "zl
ies randomizing LD-EBRT against other therapies (e.g. extracorporeal shock waves) ar
needed. A minimum size of 50 patients per treatment arm should be assured to gain more
statistically relevant results. Recruiting patients without prior excessive other therapies for
these studies would be optimal.

‘21" Se1-701<Z21S—12Y'eZ—EZ,<S@Ze1See™> e —1e7 — —e]
ferent conservative treatment modalities for plantar fasciitis.

5. Conclusions

, 1¢751 ™S’ —e7e]1™eS __eS551eSeE’ s’ & ZZ°1e™751°®1S.:
™Se'Z—e@1 " YZ>1YV1¢ZS>017¢1SeZ1S—+1SeeZ>172{Es20’'"—:
© "(EZ1 ZZ"7+¢17™1e"1S1e"eSele " Z17+1Y1 ¢1'1EZ>>Z—ee¢1
E' Z—e1>20e™"—0Z1S1eZE " —+1E 2> Z1ES—1<Z1" Z5Zs1+":
S—e"—"E£Ze¢le>'Se@1™—1eSseZelY 07717 —'¢’"—1S—eleise'Z
Se' " —1S>Z1EZ>>Z—eeC1l'—1e'Z1™>"EZe®1 " e1™eS " _oj1 7
tive therapies for plantar fasciitis with each other are necessary to allow the development of
an evidence-based treatment algorithm.
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Abbreviations
AP anterior-posterior
Cl E"— ¢Z—EZ1 —+7Z>YSe
CR complete remission
CS Calcaneodynia score
Cu chemical element symbol for copper
EC endothelial cells
GCG-BD German Cooperative Group on Radiotherapy for Benign
Diseases
Gy Gray
ICRP International Commission on Radiological Protection
IL interleukin
iINOS inducible nitric oxide synthases
KV kilovoltage
LD-EBRT low dose external beam radiotherapy
mA milliampere
mMRNA messenger ribonuclein acid
mSv milliSievert
MV megavoltage
NC no change
.z nuclear factor kappa B
NO nitric oxide
NSAID — T, @eZ>7eSe1S—e' ' S__Se"5¢1e>
PBMC peripheral blood mononuclear cells
PR partial remission
QOL §7Se’ et 170le’ 07
ROS reactive oxygen species
SSD skin-to-source distance
TGF-1 transforming growth factor 1

VAS visual analogue scale
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