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Painful heel spur syndrome is a common 
disease with a lifetime prevalence of ap-
proximately 10% in the general population 
[1, 2, 3, 4, 5]. Heel spur syndrome is con-
sidered to be the most common painful 
foot syndrome apart from toenail prob-
lems. Altogether approximately 15% of all 
foot syndromes are heel spur syndromes 
[6]. There are several different etiologies 
of painful heel spur syndrome [7]. The 
most common etiology is the plantar heel 
spur coexisting with plantar fasciitis [8, 9, 
10]. Furthermore, there is the dorsal heel 
spur which is also known as Haglund’s ex-
ostosis mostly combined with retrocalca-
neal bursitis. There is also tendinitis of the 
Achilles tendon, Achilles tendinopathy or 
Achillodynia [7, 11, 12, 13, 14, 15, 16]. Sev-
eral therapeutic options for treatment of 
heel spur syndrome are available but none 
with a high level of evidence [4]. Besides 
ice, heat, ultrasound treatment, soft spot 
heel pads and insoles for correcting an ab-
normal pronation, many patients receive 
drug therapy [2]. The drug therapy can 
be systemic, for example with nonsteroi-
dal anti-inflammatory drugs (NSAID) or 
can consist of local injections of anesthet-
ics or steroids [6, 17, 18]. For Achilles ten-
dinitis physiotherapy with stretching and 
deep friction is often used [15, 19]. There 
are data for the treatment of heel spur syn-
drome with extracorporeal shock wave 
therapy and data for surgical treatment 
of heel spur syndrome [2, 6, 20, 21]. Be-
sides these treatment options, radiother-
apy for painful heel spur syndrome, just 
as radiotherapy for several other bone 
and joint disorders, has a long history [2, 

22, 23, 24, 25, 26]. There have been sever-
al studies including some randomized tri-
als with over 4,000 patients in total, which 
demonstrate the effectiveness of this treat-
ment [2, 4, 5, 26, 27, 28, 29, 30, 31, 32]. In 
Germany over 3,500 patients receive ra-
diation therapy for painful heel spur syn-
drome per year [16, 32]. Many authors 
mentioned that they applied a second or 
third series of radiotherapy [2, 5, 27, 28, 
33, 34] which was given mostly because of 
recurrent pain or partial or no response 
after the initial radiation series [5, 27, 33, 
35]. In some institutions two series of ra-
diation are included in the primary treat-
ment concept [28]. Although data exist 
that patients have lower response rates de-
pending on a second series, no study ex-
ists which systematically analyzed the re-
sults of re-irradiation [16]. The aim of this 
study was to document the results of re-ir-
radiation for painful heel spur syndrome 
and to give indications for the ideal time 
for application. Additionally, it should 
help to identify those patients who could 
benefit from re-irradiation.

Patients and methods

The retrospective analysis was performed 
on patients from two German radiother-
apy institutions. All patients who under-
went more than one series of radiothera-
py for painful heel spur syndrome on the 
same extremity were identified and pa-
tient data from the regular follow-up were 
analyzed. Patients were additionally ques-
tioned about the current status and regu-
lar clinical examinations. The etiology of 

the pain was identified, the reason for re-
irradiation was assessed and the time be-
tween initial radiotherapy and re-irradia-
tion was documented. Possible risk factors 
for the result of radiation were registered 
and correlated with the response. Pain 
was documented using the numeric rating 
scale (NRS). Evaluation of the NRS was 
carried out before and directly after each 
radiation therapy as well as for the follow-
up at 6 weeks, 12 weeks and 6, 12 and 24 
months after treatment. Descriptive statis-
tics were carried out. For the NRS the me-
dian, range and interquartile range (IQR) 
were calculated for all time periods. To an-
alyze significant differences in the chron-
ological sequence of the NRS, the paired 
Wilcoxen test for dependent variables was 
used. The Mann-Whitney U-test for inde-
pendent variables was used for subgroup 
analyses and the Fisher-Yates test for test-
ing of binomial variables. It was postulat-
ed that p<0.05 was significant. Statistical 
calculations were done with IBM SPSS 
Statistics 19.0. A total of 83 patients could 
be identified, questioned and clinically ex-
amined and a total of 101 heels were treat-
ed due to the fact that some patients were 
irradiated on both heels. The median age 
of the patients was 56 years with a range of 
34-82 years and an IQR of 48-63 years. Of 
the patients 58 were female and 25 male, 
55 patients were treated on the right heel 
and 46 on the left heel. The median fol-
low-up time was 18 months. Etiological-
ly the pain was caused by plantar fasciitis 
in 73 cases (72.3%), Haglund’s exostosis in 
16 cases (15.8%) and Achilles tendinitis in 
12 cases (11.9%) (. Tab. 1).
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Radiotherapy was carried out with a 
linear accelerator using 6 MV photons 
in opposing fields. Dose calculation was 
carried out for the isocenter. Initially heels 
were treated with a single dose of 0.5 Gy 
(23 heels, 22.8%) to a total dose of 3.0 Gy 
or with a single dose of 1.0 Gy (77 heels, 
76.2%) or 1.2 Gy (1 heel) to a total dose 
of 6.0 Gy (75 heels, 74.3%) or 5.0 Gy (3 
heels, 3.0%). In the majority of cases treat-
ment time was 2 weeks (median 12 days, 
IQR 12–14 days). Re-irradiation was giv-
en a median of 10 weeks after the initial 
radiation (range 4 weeks to 63 months, 
IQR 8–16 weeks). The reason for re-ir-
radiation was no response after the ini-
tial radiation in 36 cases (35.6%), partial 

response in 40 cases (39.6%) and recur-
rent pain in 25 cases (24.8%). A total of 
16 (15.8%) heels were re-irradiated with 
a single dose of 0.5 Gy to a total dose of 
3.0 Gy and 84 (83.2%) heels with a single 
dose of 1.0 Gy to a total dose of 6.0 Gy (82 
heels, 81.2%) or 5.0 Gy (2 heels, 2.0%). In 
one case the patient received one dose of 
0.5 Gy and then five times 1.0 Gy to a total 
dose of 5.5 Gy. Treatment time was most-
ly 2 or 3 weeks (2 or 3 times per week), 
74 heels (73.3%) were re-irradiated over 2 
weeks and 20 heels (19.8%) were re-irradi-
ated over 3 weeks. Acute or long-term side 
effects did not occur in this sample.

Results

The median pain score before the initial 
irradiation was 8 on the NRS (IQR 7–9), 
before the re-irradiation the median was 
6 (IQR 5–8) and on the last day of the re-
irradiation the median was 5 (IQR 2–6). 
The median NRS 6 weeks after re-irradia-
tion was 2 (IQR 1–4), after 12 weeks 1 (IQR 
0–3), after 6 months 0 (IQR 0–2) and after 
12 and 24 months 0 (IQR 0–1) (. Fig. 1).

The percentage of patients being free of 
pain (NRS 0) or scoring 1 on the NRS in-
creased with time (. Fig. 2).

In the follow-up 6 weeks after re-irra-
diation 65 out of 99 heels (65.7%) had pain 
reduction of 3 grades or more on the NRS, 
after 12 weeks 44 out of 59 heels (74.6%), 
after 6 months 72 out of 87 heels (82.8%), 
after 12 months 75 out of 87 heels (86.2%) 
and after 24 months 56 out of 59 heels 
(94.9%). Pain reduction compared with 
the pain level before re-irradiation was 
significant with p<0.0001 for the whole 
follow-up. There were no significant dif-
ferences in the remaining pain level and 
absence of pain for gender and age (pa-
tients older or younger than 58 years) for 
the whole follow-up [36]. Male and fe-
male patients older or younger than 58 
years had a significant reduction in pain 
(p<0.001 for all categories and the whole 
follow-up period). Patients were analyzed 
separately for the etiology of the heel spur 
syndrome. All patients, those with plantar 
fasciitis, Haglund’s exostosis and Achilles 
tendinitis showed positive responses to re-
irradiation with p<0.001 for the whole fol-
low-up for plantar fasciitis and p<0.05 for 
Haglund’s exostosis and for Achilles ten-

dinitis. Comparing the subgroups for ab-
sence of pain and remaining NRS level, 
there were no significant differences in 
the response rates.

Patients were analyzed separately 
based on the reason for re-irradiation. 
For the 36 heels with no response after 
the initial radiation the median NRS was 
8 (IQR 6–9) before re-irradiation, 6 (IQR 
5–7.5) directly after re-irradiation, 3 (IQR 
1.75–6) at the time of the 6-week follow-
up, 3.5 (IQR 1–6) at the 12-week follow-
up and 1 (IQR 0–3) at 6, 12 and 24 months 
follow-up. There was a significant re-
sponse for the whole follow-up (p=0.002 
after 12 weeks and p<0.0005 for all other 
times). For the non-responders re-irradia-
tion was carried out a median 10 weeks af-
ter the initial radiation (IQR 8–13 weeks). 
The heels with no pain reduction irradi-
ated 12 weeks or later after the initial se-
ries (n=11) showed a significant response 
6 weeks, 6 months and 12 months after re-
irradiation (p<0.05). Non-responders af-
ter the initial radiation had a significant-
ly higher remaining NRS for the whole 
follow-up except after 12 months. For the 
whole time period the rate of patients be-
ing free of pain for this subgroup was sig-
nificantly lower than for the whole sam-
ple (p<0.01 after 6 weeks and 12 weeks and 
p<0.05 after 6 months, 12 months and 24 
months). The 40 patients with partial re-
sponse after the initial radiation had a me-
dian NRS of 5 (IQR 4–6) before re-irradi-
ation, 3 (IQR 1–5) directly after re-irradia-
tion, 1 (IQR 0–3) after 6 weeks and 0 (IQR 
0–1) after 12 weeks, 6, 12 and 24 months af-
ter re-irradiation. There was a significant 
response with p<0.0005 for the whole fol-
low-up. Patients with partial response af-
ter the initial radiation series had a signif-
icantly lower NRS level, compared with 
the other patients, for the whole time ex-
cept 24 months (p<0.01 for 6 weeks and 
for 12 weeks and <0.012 for 6 months and 
for 12 months). Initial NRS levels (be-
fore the first radiation) showed no sig-
nificant differences to those of other pa-
tients. There were also significantly more 
patients with absence of pain in this sub-
group for the whole follow-up period ex-
cept after 6 weeks (p<0.05). For those 25 
patients with recurrent pain, the median 
NRS was 6 (IQR 4–7) before re-irradia-
tion, 4 (IQR 2–5) directly after re-irradia-

Tab. 1 Demographic data

Criteria  Number  %

Patients (n) 83  

Heels (n) 101  

Gender (n)   

– Male 25 30.1

– Female 58 69.9

Age (years)   

– Median 56  

– First quartile 48  

– Third quartile 63  

Sites (n)   

– Right 55 54.5

– Left 46 45.5

Etiology (n)   

– Plantar fasciitis 73 72.3

– Haglund’s exos-
tosis

16 15.8

– Achilles tendinitis 12 11.9

Initial radiation (n)   

Single dose   

– 0.5 Gy 23 22.8

– 1.0 Gy 77 76.2

Total dose   

– 3.0 Gy 23 22.8

– 5.0 Gy 3 3.0

– 6.0 Gy 75 74.2

Interval to re-irradi-
ation (weeks)

  

– Median 10  

– First quartile 8  

– Third quartile 16  

Pretreatment be-
sides radiation (%)

 98.9

Number of modali-
ties (n)

  

– Median 2  

299Strahlentherapie und Onkologie 3 · 2014  | 



tion and 2 (IQR 0–4) 6 weeks after re-irra-
diation, 0.5 (IQR 0–2) after 12 weeks and 0 
(IQR 0–3) after 6, 12 and 24 months. Pain 
reduction was significant with p=0.001 
after 12 weeks and p<0.0005 for all oth-
er times. The patients with recurrent pain 
did not have a significantly higher num-
ber with absence of pain or lower NRS lev-
els compared with the rest of the sample 
for the whole follow-up (. Fig. 3).

There were no significant differences 
in pain reduction and absence of pain if 
heels were irradiated two or three times 
weekly or if re-irradiation took place 6–8 
weeks or 10–14 weeks after the initial se-
ries. Heels of all these categories had a sig-
nificant pain reduction for the whole fol-
low-up (p<0.0005). Patients re-irradiated 
with a single 0.5 Gy dose to a total dose of 
3 Gy had a significant response to treat-
ment with p<0.001 after 6 and 12 weeks as 
well as after 24 months and p<0.0005 af-
ter 6 and 12 months. Patients re-irradiated 
with a single 1.0 Gy dose to a total dose of 
6 Gy also had a significant response with 
p<0.0005 for the whole follow-up. There 
were no significant differences in pain re-
duction with six times 0.5 Gy compared 
with six times 1.0 Gy (p>0.05 for the whole 
follow-up). For the 24 months follow-up a 
lower NRS level for patients treated with 
a single dose of 0.5 Gy to a total dose of 
3.0 Gy (p=0.022) was found. For the whole 
follow-up period except the 6 weeks fol-
low-up, there were significantly more pa-
tients free of pain in those who were treat-
ed with six times 0.5 Gy (p=0.062 after 6 
weeks, p<0.05 after 12 weeks, 6 and 12 
months and p<0.0005 after 24 months). 
Of the patients four were re-irradiated a 
second time (third radiation series), in the 
case of two patients because of recurrent 
pain, one patient showed no response and 
one patient a partial response to the first 
two radiation series. All four patients had 
a decrease in pain (lower NRS level) for 
the whole follow-up.

Discussion

This study is the first where re-irradiation 
of painful heel spur syndrome was sys-
tematically examined. Other authors not-
ed re-irradiation and some information 
was presented, for example descriptive 
statistics but most authors just mentioned 
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Abstract
Purpose. Painful heel spur syndrome is a 
common disease with a lifetime prevalence 
of approximately 10%. One of the most effec-
tive treatment options is radiotherapy. Many 
authors recommend a second or third se-
ries of radiation for recurrent pain and par-
tial or no response to the initial treatment. 
As the results of re-irradiation have not been 
systematically analyzed the aim of this study 
was to document the results of repeated radi-
ation treatment and to identify patients who 
could benefit from this treatment.
Material and methods. The analysis was 
performed on patients from 2 German radio-
therapy institutions and included 101 re-irra-
diated heels. Pain was documented with the 
numeric rating scale (NRS) and carried out 
before and directly after each radiation ther-
apy as well as for the follow-up period of 24 
months. The median age of the patients was 
56 years with 30.1% male and 69.9% female 
patients. Pain was caused by plantar fasciitis 
in 72.3%, Haglund’s exostosis in 15.8% and 

Achilles tendinitis in 11.9%. Repeated radia-
tion was indicated because the initial radio-
therapy resulted in no response in 35.6% of 
patients, partial response in 39.6% and recur-
rent pain in 24.8%.
Results. A significant response to re-irradi-
ation could be found. For the whole sample 
the median NRS pain score was 6 before re-ir-
radiation, 2 after 6 weeks and 0 after 12 and 
24 months. Of the patients 73.6% were free 
of pain 24 months after re-irradiation. All sub-
groups, notably those with no response, par-
tial response and recurrent pain had a signifi-
cant reduction of pain.
Conclusion. Re-irradiation of painful heel 
spur syndrome is an effective and safe treat-
ment. All subgroups showed a good response 
to re-irradiation for at least 24 months.

Keywords
Heel spur · Plantar fasciitis · Calcaneodynia · 
Radiotherapy · Re-irradiation

Rebestrahlung bei schmerzhaftem Fersenspornsyndrom. 
Retrospektive Analyse von 101 Fersen

Zusammenfassung
Hintergrund. Der schmerzhafte Fersensporn 
ist eine der häufigsten Erkrankungen  unter 
den Fußsyndromen. Die Lebenszeitprävalenz 
liegt bei etwa 10%. Eine der wirkungs vollsten 
Therapieoptionen stellt die Strahlenthera-
pie dar. Dabei beschreiben viele Autoren die 
Durchführung einer Rebestrahlung bei re-
zidivierten Schmerzen bzw. unzureichen-
dem oder keinem Ansprechen auf die initia-
le Bestrahlungsserie, eine strukturierte Aus-
wertung der Rebestrahlung existiert aller-
dings nicht. Ziel dieser Arbeit ist die struktu-
rierte Auswertung der Rebestrahlung beim 
schmerzhaften Fersenspornsyndrom.
Material und Methode. Ausgewertet wur-
den Patienten aus zwei strahlentherapeu-
tischen Institutionen. Insgesamt konnten 
101 Fersen analysiert werden. Die Schmerz-
intensität wurde mit Hilfe der numerischen 
Rating-Skala (NRS) quantifiziert und zu den 
Zeitpunkten vor Bestrahlungsbeginn, direkt 
nach Radiatio, 6 und 12 Wochen, 6, 12 und 24 
Monate nach Bestrahlung erfasst.

30,1% der Patienten waren männlich, 
69,9% weiblich bei einem medianen Al-
ter von 56 Jahren. Bei 72,3% lag eine Plan-
tarfasziitis, bei 15,8% eine Haglund-Exos-

tose und bei 11,9% eine Tendinitis der Achil-
lessehne vor. Grund der Rebestrahlung war in 
35,6% kein Ansprechen und in 39,6% ein un-
zureichendes Ansprechen auf die erste Be-
strahlungsserie sowie in 24,8% rezidivierte 
Schmerzen.
Ergebnisse. Es zeigte sich für das Gesamt-
kollektiv eine signifikante Schmerzreduk-
tion. Die mediane Schmerzintensität war 6 
vor der Rebestrahlung, 2 nach 6 Wochen und 
0 nach 12 und 24 Monaten. 73,6% der Pati-
enten waren 24 Monate nach Rebestrahlung 
schmerzfrei. Alle Subgruppen, insbesonde-
re Patienten ohne und Patienten mit unzu-
reichendem Ansprechen auf die initiale Be-
strahlung bzw. Patienten mit rezidivierten 
Schmerzen hatten eine signifikante Schmerz-
reduktion.
Schlussfolgerung. Zusammenfassend zeigt 
diese Arbeit, dass die Rebestrahlung beim 
schmerzhaften Fersenspornsyndrom eine ef-
fektive Therapie darstellt und dass alle Patien-
tengruppen von der Therapie profitieren.

Schlüsselwörter
Fersensporn · Plantarfasziitis · Kalkaneodynie · 
Strahlentherapie · Rebestrahlung
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that patients were re-irradiated. No specif-
ic subgroup analysis has been carried out 
until now. The study samples were also 
small or unstructured. For samples where 
generally two series of radiation separated 
by 6 weeks were used for painful heel spur 
syndrome, no specific analysis was done 

for the second series alone [8, 16]. The 
current study sample of only re-irradiated 
patients seems to be comparable to sam-
ples of primary irradiated patients, e.g. the 
median age of 56 years is similar to that of 
the samples of Glatzel et al. [35] (average 
age 55 years), Schneider et al. [34] (aver-

age age 54 years), Mücke et al. [27] (medi-
an age 58 years) and Heyd et al. [5] (me-
dian age 58.5 years). The proportion of 
male to female patients with 25 male and 
58 female patients and the proportion of 
right to left heels (approximately 1:1) is al-
so representative [28, 33, 34, 36]. There is 
no published sample where the exact dis-
tribution of the etiology of heel pain is 
mentioned. The radiation technique and 
dose concept used conform to the recom-
mended concepts of the German coopera-
tive group on radiotherapy for benign dis-
eases. Most of the published study samples 
were treated in the same way [4, 16, 32]. 
Re-irradiation has proven beneficial to the 
patients in the sample studied here. Most 
of the patients had a response to re-irra-
diation and more than two thirds of pa-
tients were free of pain or had a low pain 
score of 1 in the NRS 12 weeks after re-ir-
radiation. This effect lasted for at least 2 
years as of the last follow-up examina-
tion. In this sample of re-irradiated pa-
tients a complete response (NRS 0) was 
achieved in 59.8% after 12 months and an-
other 18.4% of patients scored pain level 1 
on the NRS. The response rate to radio-
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therapy of heel spur syndrome in prima-
ry samples varied between 65 % and 100%. 
Complete response could be achieved for 
12-100%, a partial response for 0-65% and 
with no response in 0–35% [2, 5]. Analy-
sis of the unstructured data for re-irradi-
ation published so far revealed that 31 out 
of 41 (75.6%) [5] and 77 out of 97 (79.4%) 
[32] of re-irradiated patients showed fur-
ther improvement from re-irradiation af-
ter 6 weeks. For this sample a longer fol-
low-up period was not given. Miszczyk et 
al. [32] found a further improvement in 
89% (85 out of 96 patients) of the re-ir-
radiated patients after a median follow-
up time of 18 months. In 47% of the cas-
es (45 heels) patients were free of pain, in 
20% (19 heels) patients had a reduction of 
pain of more than 50% and in 22% of the 
cases (21 heels) patients had a reduction 
in pain of less than 50% [33]. In the sam-
ple of Schneider et al. [34] a relative pain 
reduction of >20% was achieved in 13.1% 
of the re-irradiated patients after 6 weeks 
and 36.7% after a median of 28 months. 
In the samples published by Mücke et al. 
[27] 88 patients were re-irradiated and 
38 (32.2%) patients were free of pain or 
showed marked improvement after a me-
dian follow-up of 26 months [36]. In the 

sample of Glatzel et al. [35]41.7% (10 out 
of 24 heels) were free of pain after a me-
dian follow-up time of 30 months but no 
other specifications were given. Although 
no specific subgroup analysis was carried 
out these data support the results of this 
study that patients benefit from re-irra-
diation. For samples where generally two 
series of irradiation separated by 6 weeks 
were used for painful heel spur syndrome, 
each one with a total dose of 6.0 Gy, no 
better results were found compared with 
a single series of 5.0 Gy in total [8]. For 
reasons of radiation protection a gener-
al application of two series of radiothera-
py for heel spur syndrome has to be care-
fully evaluated as to the risks involved. In 
most of the published samples the major-
ity of patients could be treated with suffi-
cient results with just one series of radio-
therapy [4, 16, 30, 31]. The data from this 
study suggest that patients with no or par-
tial response or recurrent pain have good 
results even if re-irradiation is done later 
than 6 weeks after the first radiation se-
ries. In summary a general application of 
two series of radiotherapy should not be 
recommended. As recommended for the 
initial series of radiation, a single dose of 
0.5–1.0 Gy and a total dose of 3.0–6.0 Gy, 

two or three times weekly, should be used 
for re-irradiation of painful heel spur syn-
drome [4, 16, 32, 36]. As no randomized 
trial was performed, a definitive sugges-
tion for the exact dose concept could not 
be made based on this analysis. A single 
dose of 0.5 Gy over 2–3 weeks seems to 
be recommendable, particularly as there 
seems to be a trend for a better response 
with six times 0.5 Gy compared to six 
times 1.0 Gy in this study. Furthermore, 
other authors could show similar response 
rates for a single dose of 0.5 Gy for pri-
mary irradiated patients [32, 28]. For rea-
sons of radiation protection a total dose of 
3.0 Gy seems to be adequate [32]. It needs 
to be further examined whether better re-
sults can be achieved with a total dose of 
3.0 Gy, as in this analysis or recommend-
ed by Heyd et al. [32] or 5.0 Gy, as recom-
mended by some other authors [27, 28, 
36].

No risk factors for treatment failure 
of re-irradiated patients could be found 
in this patient sample. All patients, male 
and female of all age categories, left and 
right heels, those with plantar fasciitis, 
Haglund’s exostosis and Achilles tendi-
nitis showed positive responses to re-ir-
radiation without significant differences 
among the subgroups. There were also no 
significant differences for the patients re-
irradiated over a 2 or 3-week period. In-
dependent of the reason for re-irradiation 
(e.g. no response, partial response to ini-
tial radiation or recurrent pain) patients 
had a significant pain reduction. Those 
patients with no response to initial radi-
ation retained a higher level of pain dur-
ing the follow-up period. In addition, 
they had a lower chance to become free 
of pain. Nevertheless, also these patients 
had a significant pain reduction with re-
irradiation. Patients with partial response 
to the initial radiation had the best chance 
to achieve absence of pain. Only some au-
thors mentioned a third or fourth radia-
tion series for heel spur syndrome [33]. 
The sample sizes examined, including 
that in this study are too small for reliable 
statistical analyses. As all patients showed 
a response to the second re-irradiation, it 
seems to be ethically justified to irradiate 
patients a third time although there is no 
evidence to support this. A third series is 
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Fig. 3 8 Median pain on the numeric rating scale (NRS) depending on the reason for re-irradiation. Pa-
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justified even more if there are no other 
treatment options.

Conclusion

Re-irradiation of painful heel spur syn-
drome is an effective and safe form of 
treatment. All subgroups, notably those 
with no response, partial response and 
recurrent pain showed a good response 
to re-irradiation for at least 24 months. 
A single dose of 0.5 Gy and a total dose 
of 3.0 Gy seem to be recommendable. To 
define the exact dose concept further in-
vestigations are necessary.
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