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Osteogenetic effect of extracorporeal shock waves in human
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h i g h l i g h t s
� This study shows efficacy of extracorporeal shock wave therapy in osteogenesis.
� Focused shock wave therapy increases bone mass density in human.
� Focused shock wave therapy increases bone mass concentration in human.
� Focused shock wave therapy applied in heel pain is free of adverse effects.
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1. Introduction

The plantar heel pain is known as an insertional tendinopathy of
the plantar fascia at the medial aspect of the calcaneus. Many
predisposing factors are discussed, such as muscle contractures,
obesity, overuse or anatomical malalignment.

Most patients complain about a stabbing-like pain in the
plantar, medial heel region radiating to the foot and occurring
mainly load-dependent after prolonged standing, walking or
running. Pain during first steps in the morning or after rest are
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significant clinical findings with characteristic tenderness at the
medial tuberculum calcanei. In chronic cases rest pain and pain
during the night can occur. Numerous therapeutic procedures have
been reported.

Conservative therapeutically options like different manual
therapeutic concepts (especially stretching), orthotic fittings with
special inserts and night splinting as well as cortisone injections are
well described but efficacy according evidence based medicine is
still lacking. Promising alternatives include local application of
autologous growth factors (PRP) [1], local radiofrequency ablation
[2], ultrasound therapy [3] or radiation therapy [4]. Extracorporeal
shock wave therapy (ESWT) is recently the best proven therapy and
indicated as a first line option with regards to evidence based
medicine [5,6].

ESWT was found to improve blood perfusion and thus meta-
bolism of the surrounding soft-tissue which is altered by chronic
inflammation. In addition to a proven analgesic effect, research by
Wang et al. showed that perfusion in the tendon area is signifi-
cantly improved by low energy ESWT [7,8]. Furthermore it was
recognized in the late 80s that shock waves have effects on bone
metabolism. Haupt et al. observed in his kidney stone patients that
the iliac crests thickened when they were located in the treatment
area of the shockwave [9]. Later on shockwavewere firstly used for
bone pathologies [10e12]. Depending on the amount of acoustic
energy shock wave can damage the bony structures. Even complete
fractures were observed if energy level far beyond proven clinical
treatment level is applied [13]. If shock wave therapy is used in a
proper way consolidation of non-unions can be found even in pa-
tients with multiple revision surgeries. For this indication, hyper-
trophic non-unions have a much better prognosis than atrophic
nonunions [14]. Several studies have confirmed this positive oste-
ogenic effect [15,8] which is based on induction of
erved.
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Fig. 1. Measuring surface of the calcaneus, Region of Interest (ROI) ¼ 2 cm2,
standardized.
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neovascularization by increased angiogenetic factors and bone
marrow cells as well as bone progenitor cells [16,8].

Until now the osteogenetic effect on unaffected human bone is
still unknown. This study analysis the effect of focused extracor-
poreal shock waves on human calcaneus.

2. Materials and methods

The aim of this study was to investigate the effect of extracor-
poreal shock waves on not pathologically altered bone in human. It
should be investigated whether medium-energy shock waves have
an osteoinductive effect. To determine this effect, bone mineral
density (BMD) and bone mineral content (BMC) of the treated
calcaneus are measured as the primary target. Furthermore, it was
examined whether treatment of the calcaneus can lead to a change
in the target bone mineral density in remote areas.

45 patients (34 female, 11 male) with a clinically relevant and
radiologically documented plantar heel spur were treated as part of
a standardized focused extracorporeal shock wave therapy. Patients
were treated according to the inclusion and exclusion criteria
(Table 1). Patients who had already received ESWT or had local
cortisone injections before were excluded from the study to avoid
any therapeutically effect on bone density.

36 out of 45 patients were available for follow-up after six and
twelve weeks. Nine patients (eight women and one man) were
excluded for follow up: Five patients have withdrawn study con-
sent subsequently, two patients discontinued the therapy protocol
due to ongoing pain and two patients could not be contacted.

All shock wave treatments were performed with the EPOS
FLUORO© by Dornier (Wessling, Germany). This device generates
the shock waves electromagnetically. Measurements of bone mass
density and bone mass concentrationwere performed with a Lunar
Prodigy© (Madison, Wisconsin, USA). The technology is based on
the DEXA principle. The Lunar Prodigy Osteodensitometer is
equipped with a combination of two conventional measuring beam
devices e spot-beam and fan-beam. With the combined measure-
ment methods, the unit can recalibrate automatically which gives a
high precision and constancy despite short measurement time for
each measured level.

The evaluation and data analysis were carried out by a blinded
observer. The effected site was treated by extracorporeal shock
waves and analyzed to calculate the effect size as the unaffected
heel of the patient which did not get any shock wave treatment
served as a control group. The study designwas a prospective single
blinded intra-individual controlled study.

Patients whomet inclusion and exclusion criteria and consented
to the study were treated twice with an interval of two weeks with
focused extracorporeal shock wave therapy. The mean energy flux
density was 0.32 mJ/mm2, 2000 shock waves at a frequency of 2 Hz
were applied per session. The localization of the most painful area
was achieved with the so-called biofeedback mechanism. By this
Table 1
In- and exclusion criteria.

Inclusion criteria

Pain history > 6months
Unsuccessful conservative treatment
Clinically relevant pain of plantar heel spur
method, shock waves were applied from plantar to assure intra-
osseous penetration to the center of the calcaneus by treating the
chronic inflammation originating from the insertion of the plantar
fascia. The large and oval shaped focal zone was placed at the origin
of the fascia and reached the central calcaneus as well. This precise
focus positioning was done radiologically controlled. No local
anesthesia was used [17,18]. Patients were allowed for full weight
bearing after the treatment. Bone density measurement was per-
formed directly before the first ESWT as well as six and twelve
weeks after ESWT in a standardized manner. After each measure-
ment an automatic calibration (of the unit) was carried out. Patient
data were matched with a reference group, which is comparable in
terms of age, height, weight, gender and ethnicity.

The square-shaped analysis field (Region of Interest, ROI) was
Exclusion criteria

Age < 18years
Mechanical dysfunction of ankle- and/or foot joints
Degenerative or rheumatoid arthritis
Neuro-vascular pathologies
Tarsal tunnel syndrome
Pregnancy
Coagulation disorders
Infections
Tumors
Preceding injection therapy for plantar heel spur



Fig. 2. Calcaneus BMD, control and ESWT-group.
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placed in the cancellous part of the calcanei and BMD and BMC
were measured. ROI was placed in the middle of the calcaneal
cancellous bone area to increase preciseness of BMD and BMC
measurement (Fig. 1). With a standardized measurement area of
2 cm2, we obtained the results of the bone mineral content (BMC)
in grams and the bone mineral density (BMD) in g/cm2 as the
quotient of the two measured variables (i.e. the mineral mass per
measuring surface).

As primary defined criteria BMD and BMCwere measured in the
calcaneus 12 weeks after last ESWT. Secondary criteria included the
change of BMD and BMC in the skull, humerus, greater trochanter,
trunk, ribs, pelvis and L5. Statistical analysis was performed with a
“QeQ plot” which is a graphical method for comparing two prob-
ability distributions by plotting their quantiles against each other to
show normal distribution of values. After proven normal distribu-
tion paired T-Test analysis were calculated to calculated
significance.

3. Results

At baseline the mean age of participants was 53 years
(28.6e80.1y). The average height was 170.4 cm (150e193 cm),
mean body weight was 80.7 kg (50.5e117 kg). This was calculated
for a mean BMI of 27.74 (women: 23.0; men 28.2). For women, the
values reached from 20.7 to 34.0, for men from 22.8 to 31.8. During
the 12-week follow-up period, there were no significant changes in
size and weight of the participants.

The plantar heel spur was located on the right side in 22 out of
36 cases (61%). In all patients the calcaneal spur was radiologically
evident.

The primary targets of this study were bone mineral density
(BMD) and bone mineral content (BMC). Additionally, BMD of the
secondary target areas were analyzed during the course of treat-
ment. The mean values of BMD in the secondary target areas are
listed in Table 2 for all threemeasurements. None of the regions but
at the calceneus showed a significant change in BMD over the
course of time.

4. BMD

In Fig. 2, the mean values of bone mineral density for the control
group and ESWT group are displayed over the course of time
(Fig. 2). The mean BMD values at baseline were 0.50 g/cm2 (±0.10)
in the ESWT group, the median was 0.48 g/cm2, the minimum
0.30 g/cm2 and the maximum 0.69 g/cm2. For the control group the
mean value was 0.54 g/cm2 (±0.10), median was 0.52 g/cm2, with a
minimum of 0.36 g/cm2 and a maximum of 0.75 g/cm2.

Six weeks after the second therapy, BMD in the ESWT group
showed an average of ø0.529 g/cm2 (±0.10), medianwas 0.51 g/cm2,
minimum 0.34 g/cm2 and maximum 0.75 g/cm2. In the control
group the average value was 0.529 g/cm2 (±0.09), median was
Table 2
BMD mean values (±standard deviation) for all secondary target areas for all three
measurements.

Secondary target area Baseline 6 Weeks 12 Weeks

Skull [g/cm2] 2.12 (±0.23) 2.09 (±0.24) 2.09 (±0.24)
Arms [g/cm2] 0.88 (±0.16) 0.88 (±0.10) 0.88 (±0.10)
Trochanter [g/cm2] 1.29 (±0.17) 1.28 (±0.17) 1.29 (±0.17)
Trunk [g/cm2] 0.92 (±0.08) 0.95 (±0.09) 0.94 (±0.10)
Ribs [g/cm2] 0.67 (±0.67) 0.70 (±0.20) 0.66 (±0.07)
Pelvis [g/cm2] 1.11 (±0.13) 1.15 (±0.13) 1.15 (±0.13)
L5 [g/cm2] 1.07 (±0.12) 1.11 (±0.13) 1.09 (±0.13)
Overall [g/cm2] 1.17 (±0.11) 1.17 (±0.10) 1.17 (±0.11)
0.51 g/cm2, minimum 0.35 g/cm2, maximum 0.71 g/cm2.
12 weeks after last ESWT the following results were determined

for the treatment side: Mean value 0.557 g/cm2 (±0.10), median
0.55 g/cm2, minimum 0.35 g/cm2 and maximum 0.75 g/cm2. The
control group shows a mean value of 0.52 g/cm2 (±0.09), median of
0.51 g/cm2, minimum of 0.34 g/cm2 and a maximum of 0.71 g/cm2.
This demonstrates that the BMD increase on the treated side is
highly significant in all intervals with p < 0.0001.
4.1. BMD-difference compared to baseline

Fig. 3 illustrates the differences in bone mineral density after 6
and 12 weeks compared to the values at baseline (Fig. 3). The dif-
ference of change compared to baseline (6 weeks FU) at the ESWT-
group showed an increase of 0.03 g/cm2 (±0.03), median was
0.02 g/cm2, minimum �0.04 g/cm2und maximum 0.10 g/cm2. After
another six weeks the averaged increase in BMD-difference was
0.05 g/cm2 (±0.04), the median 0.06 g/cm2. Values ranged
from �0.06 g/cm2 (min.) to 0.13 g/cm2 (max.).

In the control group an average reduction of �0.01 g/cm2
Fig. 3. Differences of change of BMD calcaneus 6 weeks and 12 weeks after last ESWT.
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(±0.03) with a median of �0.01 g/cm2, a minimum of �0.09 min g/
cm2 and a maximum of 0.03 g/cm2 was noticed after 6 weeks and
an average of �0.02 g/cm2 (±0.04), median �0.02 g/cm2,
minimum �0.12 g/cm2, maximum 0.06 g/cm2 after 12 weeks. The
differences are significant for the treatment group at 12 weeks with
p ¼ 0.001.
Fig. 5. Differential values for BMC calcaneus 6 weeks vs. baseline (left) und 12 weeks
vs. baseline (right).
5. BMC

The average BMC of the ESWT group to the baseline was 2.03 g
(±0.38), median was 2.00 g, with a range of 1.30 g (min.) and 2.70 g
(max.). BMC of the control group was 2.16 g (±0.40), median was
2.10 g, minimum 1.40 g and maximum 3.00 g. 6 weeks after the last
ESWT an average value of 2.12 g (±0.39), a median of 2.00 g, a
minimum of 1.40 g and a maximum of 3.00 g was recorded on the
treated heel. On the contralateral control side, an average value of
2.14 g (±0.37), with a median of 2.10 g, a minimum of 1.40 g and a
maximum of 2.90 g was recorded.

Another six weeks later (12 weeks after last ESWT) the average
BMC of the ESWT group was 2.22 g (±0.38), median 2.15 g, mini-
mum 1.40 g and maximum 3.00 g whereas the control group
showed ø 2.08 g (±0.36) with a median of 2.00 g, ranging between
1.30 g (min.) and 2.80 g (max.). Fig. 4 illustrates the average values
of BMC of both groups for all measurements (baseline, 6 weeks and
12 weeks). The values of the treatment group were significantly
higher compared to the control group at each measurement with
p < 0.0001 (Fig. 4).
5.1. Change of BMC-differences

The mean difference of the BMC after 6 weeks was on the ESWT
side at 0.09 g (±0.12), median was 0.10 g, minimum �0.50 g and
maximum at 0.30 g (Fig. 5). After 12 weeks themean differencewas
0.19 g (±0.17), median 0.20 g with values ranging between �0.20 g
(min.) and 0.60 g (max.). After 12weeks the average BMCwas 0.19 g
(±0.17), the median was 0.20 g with a minimum of �0.20 g and a
maximum of 0.60 g.

For the control group a mean difference of�0.02 g (±0.16) could
be observed. The values ranged between�0.40 g (min) and�0.30 g
(max.) with a median of 0.01 g after 6 weeks. After 12 weeks the
following data was recorded: mean difference �0.18 g (±0.18),
median 0.02 g, minimum �0.40 g and maximum 0.30 g. Again, the
values of the treatment group increased significantly with
p < 0.0001, whereas the increase in the control group was
Fig. 4. Bone mineral concentration of calcaneus, control and ESWT group.
significant only after 12 weeks compared to baseline with
p ¼ 0.005.

5.2. Side-effects

There were no clinically relevant side-effects. Some patients
reported increased pain for a few days after ESWT as well as minor
hematoma at the coupling areawhich disappeared after some days.

6. Discussion

A plantar heel spur is a widespread medical condition that may
affect both professional and recreational daily life predominantly
through load-dependent pain. For this indication extracorporeal
shock wave therapy is an established method of non-surgical
treatment with the best evidence. So far no studies on the rela-
tionship between shock wave therapy and bone density in humans
have been reported in human. Van der Jagt et al. published the
outcome after unfocused shock wave ware applied in an animal
model especially when this treatment is combined with an anti-
resorptive treatment [21].

Our study was firstly able to demonstrate that six weeks after
ESWT with 0.31 mJ/mm2 an increase in bone mineral density could
be observed in human. This effect turned out to be statistically
significant twelve weeks after therapy. Similar to the findings of
Maier et al. and Wang et al. [19,7] a temporal latency of the
osteogenesis could be observed in our patients.

So it can be assumed that an increase of calcified tissue (BMD
and BMC) needs a time period after treatment to reach significant
level. Wang et al. were able to demonstrate that osteoblasts can be
stimulated by shock waves [8]. Furthermore ESWT can improve
blood perfusion which leads to vasculogenesis with improved
osseous perfusion [16]. In the long term, this osteogenetic effect
may help to reduce fracture risk. Even low-energy shock wave
therapy leads to a significant increase in neovascularization and
angiogenetic markers only one week after therapy [20,16]. Due to
the fact that mechanical stress is the strongest stimulus on bone
proliferation, extracorporeal shockwave therapy can be interpreted
as mechanical load with a local piezoelectric effect.

The present study does not demonstrates that partial weight
bearing due to pain can led to a significant reduction in bone
density on the affected side because patients will do full weight
bearing despite severe pain and hardly usewalking aids. At baseline
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no statistically significant difference in BMD and BMC was found.
Furthermore a small local osteoporotic effect can be discussed in
chronic local inflammation processes such as chronic heel pain. But
again the difference in BMC and BMC does not differ significantly at
baseline. This has to be addressed in larger sample size studies.

As an increase in BMD ad BMC was detected at low levels other
stimuli besides micro fractures with subsequent callus induction
such as a hormonal influence and vessel proliferation have to
be taken into consideration. This is nowadays described as
mechanotransduction. Assuming a general hormonal effect, a sys-
temic influence on bone density resulting from ESWT has to be
examined but could not found in our study.

Since bone density after ESWT increased only at the calcaneal
bone in our study, the probability of systemic humoral influence
can be excluded.

Our own results clearly demonstrate that bone density remains
unchanged in areas remote from the actual ESWT site and ESWT
did not have any influence to our secondary measured and
analyzed localizations.

These results are limited by the small sample size which goes
alongwith a lower statistic power. Furthermore the limited number
of subjects enrolled within a larger age range (28.6e80.1y) does not
allow more detailed analysis regarding the effect of age regarding
the outcome after ESWT. More studies with larger study population
are needed to verify the results. Further studies have to determine
the best level of energy flux density to optimize the osteogenetic
effect. Current studies about ESWT do not address bone density.
The observation period of twelve weeks is clearly enough to detect
that bone density increases after ESWT. Long term effects have to
be addressed in the future whether this shock wave effect can be
increase by further treatment options such as magnetic field or not.
Until now it remains unclear if this effect lasts permanently or re-
gresses a few months after treatment to the prior level. If the effect
of shock wave therapy is in fact time-limited an adequate regime of
repeated ESWT has to be established to maintain the positive
therapeutic success.

Our results lead to the reasoned statement that osteogenesis can
also be stimulated in the non-pathologically altered bone using
ESWT. Shock wave therapy could be an option in patients suffering
from impaired bone quality such as osteoporosis. This has to be
addressed in the future.
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