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Results of Radial Shock Wave Treatment of Sports-Induced 
Diseases (Achillodynia, Patella Tip Syndrome and 

Tibialis Anterior Syndrome)
J. Schöll, H. Lohrer, S. Arentz

Summary

This prospective pilot study was conducted to assess the effects of radial
extracorporeal shock waves on chronic achillodynia, patella tip syndrome and
tibialis anterior syndrome. Forty patients with chronic therapy-resistant achillo-
dynia, 45 patients with chronic therapy-resistant patella tip syndrome and 17
patients with chronic therapy-resistant tibialis anterior syndrome received
rESWT for 3-5 sessions. The results show significant pain relief (at rest, pressure
and exertion) as well as an increase of pain threshold. The long term outcome
showed further improvement up to one year. Radial extracorporeal shock wave
therapy is a promising therapeutic option even for sports-related degenerative
diseases. Further controlled and randomized studies are required to confirm these
findings.

Introduction

Achillodynia, patella tip syndrome and tibialis anterior syndrome are well
known as sports-induced degenerative diseases. The natural course primarily
seems to be chronic and progressive.

A large number of therapeutic options exist, but most of them do not have an
evidence based approach. Regarding infiltration techniques in chronic achillo-
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162 EXTRACORPOREAL SHOCK WAVE THERAPY

dynia with corticoid substances, a potential risk of iatrogen-induced tendon rup-
ture is well known.

From a pathological-anatomical point of view, we consider achillodynia to be
a combination of paratendinosis and tendinosis of the Achilles tendon. These
components are more or less marked[32]. Repetitive microtrauma and insuffi-
cient regeneration as well as local inflammatory changes in the paratendinum
trigger the initially latent process of Achilles tendon degeneration[16]. The ten-
don 2-7 cm proximal of the calcanear insertion area is the most affected region.
Achillodynia itself is characterized by stress-dependent local pain associated with
pressure dolence and swelling of the Achilles tendon[19]. 

The issue of Achilles tendon injuries has recently once again come to be
important in sports medicine. Within the German national track and field team a
total of 21 out of 70 athletes suffered relevant Achilles tendon injuries during the
2000 Olympic Games in Sydney. Four of these athletes have undergone surgery
since then, 10 patients underwent significant long term sport restrictions. Achill-
odynia is a typical sports injury induced by running. James et al. reported in 1978
achillodynia in 11% of running-induced sports injuries[15].  Endogenous causes
(e.g. hyperuricemia) are rare. Anomalies of the lower extremity and previous
tendineous lesions bring about increased pronation. For that reason the Achilles
tendon is exposed to increased torsion[38]. 

As a typical insertion tendopathy, patella syndrome, so called jumper´s knee
injury, features histologically mucoid denegeration, fibrinoid necroses, microrup-
tures and regeneration at the tendon/bone junction[18].  The jumper´s knee is
known as one of the most common insertion tendopathies. Becker & Krahl in
1978 reported patella pathologies in about 37.8% of all tendopathies in athletes[4].
We observed 7.4% of all patients suffering from jumper´s knee in our own Institute
for Sports Medicine. Already among 14 to 18 year-old basketball players, the prev-
alence of patella tip syndrome is 7%, but prevalence increases with age[8].  Mar-
tens et al. in 1982 discussed volleyball and football as a predictive factor because
2/3 of the patients participated in these sport activities[28]. Orava & Leppilahti in
1999 found insertion endopathies of the lig. patellae most often (44%) in the dif-
ferential diagnosis in patients with “anterior knee pain[30].”  One third of all
patients report time-out periods of more than 6 months[7]. In terms of jumper’s
knee, the pathology is mostly located  close to the tip of the patella (79%).  In 16%
of the jumper´s knee patients, pain was found at the patella base, in 3% at the
tuberositas tibiae and in 2% along the entire lig. patellae[30]. 
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In a prospective study conducted with sports students an incidence of 13.8%
was found within a two year period[40]. 

Repetitive jumps, particularly vertical ones, seem to be a significant predic-
tive factor in patella tip syndrome.

The medial tibialis anterior syndrome is characterized by a load dependent
local pain at the tibialis anterior in the middle and lower third. An exudative
hypertrophic tenosynovitis is correlated to the tibialis posterior tendon [16] and
frequently caused by intensive running and most often by sudden load peaks.
Forefoot runners are more affected than heel runners[25]. 

Tibialis anterior syndrome occurs in 2.5% of top athletes[20]. Among active
track and field athletes, the medial tibialis anterior syndrome is the third most
common sports injury after achillodynia and stress fractures[22].  Endurance ath-
letes are more often afflicted by tibialis anterior syndrome.  

The efficacy of extracorporeal shock wave therapy to treat different chronic
insertion endopathies has often been documented in controlled randomized and
prospective studies [23, 34, 35] even though no consensus has been reached so far
on the energy to be applied, on the number of shock waves or on treatment fre-
quency. Considered today as standard indications in the musculoskeletal system
are fasciitis plantaris, epicondylitis humeri radialis, pseudarthrosis and calcific
tendonitis of the shoulder[14]. The different treatment modalities (energy gener-
ation, energy flux density, dose and treatment frequency) continue to be the sub-
ject of scientific debate. Until now comparative studies of treatments with focused
and radial extracorporeal shock waves show no difference for fasciitis plantaris
[36] or calcific tendonitis of the shoulder[12]. Apart from our own publication
[26], clinical studies of the effect of ESWT for achillodynia, patella tip syndrome
and tibialis anterior syndrome have not been published. In experiments con-
ducted on rabbits Rompe et al. showed dose-dependent effects of extracorporeal
shock waves on the Achilles tendon[33]. High energies ( > 0.6 mJ/mm2) lead to
injuries, necroses and edema.

Objective of the study

This study is designed as a prospective trial to investigate the effect of rESWT
on sports-induced enthesiopathies such as chronic achillodynia, chronic patella
tip syndrome and chronic tibialis anterior syndrome.
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Patients, material and methods

Between September 1998 and October 2000, 102 subjects (40 with achillo-
dynia, 45 with patella tip syndrome and 17 with tibialis anterior syndrome) have
fulfilled all inclusion and exclusion criteria. They were enrolled in the outpatient
orthopedic clinic of the Institute for Sports Medicine in Frankfurt am Main.

The patients of the study groups were on average 35.8 ± 10.5 years old for
achillodynia, 24.2 ± 9.8 years old for patella tip syndrome and 21.2 ± 4.6 years old
for tibialis anterior syndrome. For the athletes suffering from achillodynia, the
mean height was 178.5 ± 7.5 cm and the mean weight was 75.9 ± 12.6 kg. In the
athlete group suffering from patella tip syndrome, their height was 179.1 ± 8.9 cm
and their weight was 73.7 ± 13.7 kg. Athletes with tibialis anterior syndrome were
172.7 ± 8.9 cm tall and weighed 57.7 ± 8.0 kg. All patients of the study groups
were active athletes. In the achillodynia and tibialis anterior syndrome groups
running sports were predominant. Patients with patella tip syndrome were pri-
marily affected by jumps (Table 1).

Prior to enrollment, at least two of the conservative standard therapies such
as targeted sole inserts, physical and rehabilitation therapy, bandages, local infil-
trations and radiation were performed without success (Table 2).

After one year, 33 patients (82.5%) with chronic achillodynia, 40 patients
(88.9%) with patella tip syndrome and 15 patients (88.2%) with chronic tibialis
anterior syndrome could  be re examined (Table 3).

Sports Achillodynia Jumper´s knee Tibialis anterior 
syndrome

Jogging 8 3 0

Middle distance 5 1 3

Long distance 5 0 4

Soccer 4 6 2

Long jump 4 2 0

Handball 4 1 2

Tennis 3 6 3
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Table 1. Demographic data of patients enrolled in the rESWT trial.

Table 2. Treatments proir to the rESWT study.

Sports Achillodynia Jumper´s knee Tibialis anterior 
syndrome

Triathlon 2 1 0

Bike racing 2 0 0

Volleyball 1 8 0

Decathlon 1 1 1

Gym 1 0 0

Basketball 0 11 0

Ballett 0 3 0

High jump 0 1 2

Total 40 45 17

Prior treatment Achillodynia Jumper´s 
knee

Tibialis anterior 
syndrome

Physiotherapy 31 26 11

Massage 15 13 7

Electrotherapy 30 30 10

Medication (oral) 14 12 7

Eternal ointment 8 9 3

Tape 11 21 2

Infiltration (without cortsone) 22 13 3

Infiltration (with cortisone) 8 2 3

Inserts 7 7 3

Cast 6 7 1

Acupuncture 4 1 0

Röntrenreizbestralung 1 0 0

Operation 5 2 1
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Table 3. Patients examined from 1 to 52 weeks after rESWT.

Achillodynia and jumper´s knee were defined as an exertion-dependent and
pressure-pain related injury of the Achilles tendon[21]. A thickening of the ten-
don had to be shown.

The tibialis anterior syndrome was defined as an exertion-dependent and
pressure pain injury to the medial tibialis anterior. This injury could not be local-
ized presisely but had to extend over at least 5 cm in the middle and lower third of
the tibialis anterior. X-rays had to exclude tibia stress fracture.

The sagital diameter of the Achilles tendon and the ligamentum patellae as
well as the central echogenity was documented by ultrasound prior to rESWT.
The mean  thickness of the Achilles tendon was 7.5 ± 2.0 mm and the mean thick-
ness of the ligamentum patellae was 6.7 ± 2.5 mm. Following the treatment, no
significant loss in tendon thickness was found.

Exclusion criteria were defined as systemic predispositions (hyperurikemia,
positive HLA B 27, positive rheuma factors), distal Achilles tendopathies, sub-
achillary bursitides, heel-adjacent pain syndrome imitating achillodynia, intraar-
ticular knee joint injuries (in particular associated chondropathic injuries),
instabilities of the patella and stress fractures of the tibia. 

The treatment was performed with the Swiss DolorClast®. The applicator
(handpiece) was pressed upon the treatment area up to the first ring with applica-
tion pressure categorized as “medium.” As the patient adjusted to the shock wave-
induced pain, the applied energy was increased during the treatment from 2 to 4
bar. Analgesia of the treatment zone was not necessary. 

Therapy was delivered in five sessions at one-week intervals (Figures 1-3).
Two thousand impulses per treatment session were applied. Treatment frequency
was 6 Hz. 

Baseline Weeks after rESWT

1 4 12 26 52

Achillodynia 40 40 39 33 33 33

Jumper´s knee 45 45 45 42 40 40

Tibialis anterior syndrome 17 17 17 15 15 15
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Figure 1. rESWT of Achillodynia.

In all diagnoses, based upon clinically evaluated maximum pain threshold,
the pain area was treated in a linear meanderlike and circular fashion (biofeed-
back).

An exam was performed before each treatment. Follow-up exams were per-
formed 1, 4, 12, 26 and 52 weeks following the end of the treatment.

For a sports-specific evaluation criteria, we chose the pain-free period patient
was able to practice sports (shown in minutes). We also verified the pressure related
pain sensation measured by the standardized visual analog scale (VAS). 

Figure 2. rESWT of the jumper´s knee.
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Figure 3. rESWT of the tibialis anterior syndrome.

We used the Dolormeter as a semi-objective measuring tool. It provides for a
standardized application of defined pressure (Figure 4).

It allows evaluation of the threshold of local pain tolerance (in Newton) as
well as the subjective pain response (VAS) on a defined pressure of 30 Newton.

 

Results

After rESWT we observed an excellent clinical outcome (Table 4). The base-
line value for pain at rest before rESWT was 1.7 ± 2.5 VAS for achillodynia, 1.6 ±
2.4 VAS for patella tip syndromey and 1.7 ± 1.9 VAS for tibialis anterior syn-
drome. One week after rESWT patients with achillodynia improved to 0.4 ±- 1.0
VAS (p  ≤ 0.01). The group with patella tip syndrome reached 0.8 ± 1.7 VAS (p ≤
0.05) one week after treatment completion. Patients with tibialis anterior

Figure 4. The EMS Dolormeter for standardized local pain measurement.
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syndrome reached 0.6 ± 1.7 VAS (p≤ 0.05) one week after the last rESWT. The fol-
low-up exam twelve weeks after the last rESWT showed 0.1 ± 0.3 VAS for achillo-
dynia (p ≤ 0.01), 0.3 ± 0.7 VAS for patella tip syndrome (p ≤ 0.01) and 0.5 ± 1.6
VAS for tibialis anterior syndrome (p ≤ 0.01). At the end of the observation
period of one year, patients with achillodynia had improved to 0.1 ± 0.3 VAS (p ≤
0.01), those with patella tip syndrome improved to 0.3 ± 0.7 VAS (p ≤ 0.01) and
those with tibialis anterior syndrome were down to 0.1 ± 0.2 VAS (p ≤ 0.01).

Prior to treatment, the pain threshold determined by the DolorMeter was
14.1 ± 6.6 N in achillodynia patients, 15.1 ± 7.4 N in patella tip syndrome patients
and 16.1 ± 7.1 N in tibialis anterior syndrome patients. One week after the last
rESWT, patients with achillodynia improved to 27.5 ± 10.9 N (p ≤ 0.01), patients
with patella tip syndrome showed 28.7 ± 14.0 N (p ≤ 0.01) and those with tibialis
anterior syndrome improved to 29.1 ± 12.3 N (p ≤ 0.01). The 12 week exam
threshold was 38.4 ± 11.8 N in achillodynia (p ≤ 0.01), 32.9 ± 15.6 N in patella tip
syndrome (p ≤ 0.01) and 32.9 ± 11.2 N in tibialis anterior syndrome. After 1 year,
patients with achillodynia had improved to 41.9 ± 11.6 N (p ≤ 0.01), those with
patella tip syndrome showed 35.3 ± 15.0 N (p ≤ 0.01) and patients with tibialis
anterior syndrome also improved to 40.5 ± 10.4 N (p ≤ 0.01).

Prior to the treatment, the pressure pain determined by the DolorMeter at 30
N and VAS was 6.7 ± 3.2 VAS for achillodynia, 5.5 ± 2.9 VAS for patella tip

Achillodynia

Baseline Weeks after rESWT

1 4 12 26 52

Pain at rest  
(VAS)

1.7±2.5 0.4±1.0** 0.3±1.3** 0.1±0.3** 0.1±0.2** 0.1±0.3**

Pain threshold 
(Newton)

14.1±6.6 27.5±10.9** 31.2±13.4** 38.4±11.8** 43.3±9.1** 41.9±11.6**

Local pressure 
(30 N, VAS)

6.7±3.2 2.6±3.6** 1.8±3.4** 0.7±1.8** 0.5±1.8** 0.9±2.6**

Pain during 
exercise (VAS)

7.8±1.7 2.2±2.5** 1.3±2.2** 0.5±1.1** 0.4±1.0** 0.7±1.6**

Pain-free 
running 
interval (min.)

14.4±18.5 63.0±37.0** 75.4±38.1** 87.5±35.2** 96.7±34.7** 90.0±43.0**
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Table 4. Outcome after  rESWT (* = P ≤ 0.05; ** = P ≤ 0.01).

Jumper´s knee

Baseline Weeks after rESWT

1 4 12 26 52

Pain at rest  
(VAS)

1.6±2.4 0.8±1.7* 0.6±1.6** 0.3±0.7** 0.3±0.7** 0.3±0.7**

Pain threshold 
(Newton)

15.1±7.4 28.7±14.0** 30.6±14.5** 32.9±15.6** 34.6±15.5** 35.3±15.0**

Local pres-
sure (30 N, 
VAS)

5.5±2.9 2.3±3.0** 2.2±3.0** 2.1±2.9** 1.9±2.9** 1.7±2.6**

Pain during 
exercise (VAS)

5.5±2.3 2.8±3.0** 2.5±2.9** 2.3±2.8** 1.9±2.4** 1.9±2.5**

Pain-free 
running 
interval (min.)

10.4±15.0 54.3±50.9** 57.0±48.9** 62.8±49.2** 71.2±49.1** 70.3±48.7**

Tibialis anterior syndrome

Baseline Weeks after rESWT

1 4 12 26 52

Pain at rest  
(VAS)

1.7±1.9 0.6±1.7* 0.6±1.7* 0.5±1.6** 0.5±1.7** 0.1±0.2**

Pain thresh-
old (Newton)

16.1±7.1 29.1±12.3** 31.8±11.6** 32.9±11.2** 36.3±11.9** 40.5±10.4**

Local pres-
sure (30 N, 
VAS)

6.2±2.8 2.4±3.3** 2.3±3.5** 1.7±2.8** 1.5±2.8** 0.9±1.9**

Pain during 
exercise (VAS)

7.8±1.7 1.8±3.1** 2.2±3.0** 1.9±2.9** 1.6±2.8** 0.9±1.9**

Pain-free 
running 
interval (min.)

11.2±14.4 62.9±48.9** 72.9±47.5** 91.3±48.8** 91.3±48.8** 105.0±34.8**
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syndrome and 6.2 ± 2.8 VAS for tibialis anterior syndrome. One week following
the treatment series, patients with achillodynia improved to 2.6 ± 3.6 VAS (p ≤
0.01), patients with patella tip syndrome to 2.3 ± 3.0 VAS (p ≤ 0.01) and patients
with tibialis anterior sybdrome to 2.4 ± 3.3 VAS (p ≤ 0.01). Twelve weeks after
rESWT, 0.7 ± 1.8 VAS was found in patients suffering from achillodynia (p ≤
0.01), 2.1 ± 2.9 VAS in patients with patella tip syndrome (p ≤ 0.01) and 1.7 ± 2.8
VAS in patients with tibialis anterior syndrome (p ≤ 0.01). At the end of the
observation period of 1 year, achillodynia improved to 0.9 ± 2.6 VAS (p ≤ 0.01),
patella tip syndrome to 1.7 ± 2.6 VAS (p ≤ 0.01) and tibialis anterior syndrome to
0.9 ± 1.9 VAS.

The pain during sports actvities prior to treatment was 7.8 ± 1.7 VAS for
achillodynia, 5.5 ± 2.3 VAS for patella tip syndrome and 7.8 ± 1.7 VAS for tibialis
anterior syndrome. One week after the last rESWT, patients with achillodynia
improved to 2.2 ± 2.5 VAS (p ≤ 0.01), the group with patella tip syndrome
reached 2.8 ± 3.0 VAS (p ≤ 0.01) and the tibialis anterior syndrome group reached
1.8 ± 3.1 VAS (p ≤ 0.01). Twelve weeks after the last rESWT, the scores were 0.5 ±
1.1 VAS for achillodynia (p ≤ 0.01), 2.3 ± 2.8 VAS for patella tip syndrome (p ≤
0.01) and 1.9 ± 2.9 VAS for tibialis anterior syndrome (p ≤ 0.01). At the end of the
follow up period of 1 year, patients with achillodynia had improved to 0.7 ± 1.6
VAS (p ≤ 0.01), patients with patella tip syndrome showed 1.9 ± 2.5 VAS (p ≤
0.01) and the tibialis anterior syndrome group was scored at 0.9 ± 1.9 VAS (p  ≤
0.01).

The pain-free running interval at baseline as identified by the patients them-
selves was 14.4 ± 18.5 minutes for achillodynia, 10.4 ± 15.0 minutes for patella tip
syndrome and 11.2 ± 14.4 minutes for tibialis anterior syndrome. One week after
tha last rESWT, patients with achillodynia had improved to 63.0 ± 37.0 minutes
(p ≤ 0.01). In the group with patella tip syndrome a pain-free interval of 54.3 ±
50.0 minutes (p ≤ 0.01) was reached. One week after treatment completion, the
tibialis anterior syndrome group showed a pain-free interval of at least 62.9 ±
48.9 minutes, (p ≤ 0.01). The follow-up exam twelve weeks after the treatment
showed a pain-free interval increase up to 87.5 ± 35.2 minutes for achillodynia (p
≤  0.01), up to 62.8 ± 49.2 minutes for patella tip syndrome (p ≤ 0.01) and up to
91.3 ± 48.8 minutes for tibialis anterior syndrome (p ≤ 0.01). At the end of the
observation period of 1 year, patients with achillodynia had improved to 90.0 ±
43.0 minutes (p ≤ 0.01), patients with patella tip syndrome to 70.3 ± 48.7 minutes
(p ≤ 0.01) and patients with tibialis anterior syndrome to 105.0 ± 34.8 minutes (p
≤ 0.01).
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Overall, 60% of patients with achillodynia, 40% of patients with patella tip
syndrome and 58.8% of patients with tibialis anterior syndrome were found to be
pain-free one year after the last rESWT (Figure 5). Improvement was recorded by
12.5% of patients with achillodynia, 24.4% of patients with patella tip syndrome
and 17.7% of patients with tibialis anterior syndrome. In 27.5% of patients with
achillodynia, 35.6% of patients with patella tip syndrome and 23.5% of patients
with tibialis anterior syndrome the pain was unchanged 12 month after the last
rESWT compared to baseline.

Discussion

Neither in terms of conservative treatment nor in terms of surgery for
chronic degenerative injuries to the Achilles tendon (achillodynia), ligamentum
patellae (patella tip syndrome) and tibialis anterior syndrome, the treatment
options were evidence based[29, 9, 25]. In terms of nomenclature for chronic ten-
don damage associated with running and jumping, concensus is still lacking[27].
Even the precise pathology remains unclear[17]. Today, a degenerative-
microtraumatic genesis is discussed but histologically relevant inflammatory cells
have never been described on a relevant scale[16]. 

Studies determining the natural course of these diseases are not avail-
able[31].   

Figure 5. Overall outcome 1 year after the last rESWT.
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From a diagnostic point of view, achillodynia is to be limited to the free
course of the tendon some 2-7 cm above its insertion zone. It must be differenti-
ated from other achillary (distal insertion endopathy, dorsal heel spur, bursitis
subachillea) and periachillary pain syndromes[21]. 

Studies on the conservative therapy of achillodynia report from 41 to 67%
excellent results[6, 1].  For surgery, Tallon et al. report an average success rate of
77.4% in a literature review[39].  These authors point especially to a low method-
ical quality of the published studies. Studies with greater methodological deficits
show comparatively better results.

For the treatment of patella tip syndrome, Cook and Khan reported ten ran-
domized studies for the conservative treatment but no randomized studies for
surgery[9].  These authors conclude that neither a specific conservative nor a spe-
cial operative method for treating this injury can be recommended.

Achillodynia and patella tip syndrome feature histologically mucoid degener-
ation fibrinoid necroses, microruptures and regeneration[16]. 

Tibialis anterior syndrome is an excsudative hypertrophic tenosynovitis of
the tibialis posterior tendon[16]. Specific data on the efficacy of conservative
forms of treatment for medial tibialis anterior syndrome have not been pub-
lished. Our own experience indicates that surgery is required. Good results are
shown in retrospective, non-controlled design[25]. 

The efficacy of extracorporeal shock wave therapy in different chronic inser-
tion tendopathies has been documented repeatedly in the literature through con-
trolled, randomized and prospective studies[23, 11, 34, 35].  In other studies the
efficacy of ESWT was not demonstrated because of some study limitations[5, 13]. 

Local anesthesia was not necessary in this study. In the meantime, it was
demonstrated that local anesthesia has a negative impact on treatment suc-
cess[3]. 

Today, standard indications of the musculoskeletal system are fasciitis planta-
ris, eopicondylitus humeri radialis and calcific tendonitis of the shoulder[14].
The various treatment modalities (energy generation, energy density, dosage and
treatment frequency) continue to be a subject of scientific debate. A comparison
of treatments with the focused and radial (unfocused) extracorporeal shock wave
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for fasciitis plantaris shows no difference[36].  Achillodynia, patella tip syndrome
and tibialis anterior syndrome are sports-induced, chronic injuries that are differ-
ent from insertion endopathies such as fasciitis plantaris. Compared to results of
conservative and surgical options, the results of this pilot study must be evaluated
as good, especially since at least two conservative pretreatment methods failed.
The success rate after one year (pain-free or improvement over 50%) is 72.5% for
Achillodynia, 67.4% for patella tip syndrome and 76.5% for tibialis anterior syn-
drome and is hardly any different from the average success rate of 77.4% found by
Tallon et al. following surgery (77.4%)[39]. 

The study was limited by the uncontrolled study design. Therefore the results
cannot be considered as sufficiently certain on the basis of the criteria of evi-
dence-based medicine. Controlled and randomized studies have to be performed
to confirm these finings.
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