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Cryoultrasound therapy
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in the treatment

of chronic plantar fasciitis with heel spurs.
A randomized controlled clinical study

C. COSTANTINO 1!, M. C. VULPIANI 2, D. ROMITT 1, M. VETRANO 2, V. M. SARACENT 2

Background. Plantar fasciitis is one of the most com-
mon causes of pain in the inferior heel and is very
frequent in some running sports. It affects up to 10%
of general population and accounts for 11% to 15% of
all foot pain symptomatology. Several treatments have
been suggested, but there is no evidence supporting a
specific conservative management strategy.

Aim. Evaluation of the efficacy of combined cryoultra-
sound therapy on chronic plantar fasciitis with heel
spurs resistant to pharmacological and instrumental
therapies.

Design. Single-blind randomized clinical trial.
Population. 102 consecutive patients affected by
chronic plantar fasciitis with painful symptomatology
for at least 6 months, intensity of pain higher than 5
on the VAS score, presence of heel spurs, use of plantar
orthoses and ineffectiveness of previous therapies.
Metbods. The patients were randomized into two
groups: Group A treated with cryoultrasound thera-
py and Group B with cryotherapy. Our protocol was
based on 10 daily treatments, lasting 20 minutes. Each
participant was evaluated using VAS score before (T0)
the treatment and 3 months (T1), 12 months (T2) and
18 months (T3) after. Effectiveness index was calcu-
lated from T1 to T3.

Results. Both treatments have been found effective.
The difference in pain intensity on the VAS scale be-
tween the two groups at T2 was 4.35 points in favor
of Group A (IC 95% 3.75; 4.95; P<0.001), reaching the
primary end point. The difference in pain intensity on
the VAS scale between the two groups at T1, T2 and
T3 was 3.00, 4.35 and 4.81 respectively, showing a
statistically significant difference between VAS aver-
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age scores at all follow-ups in favor of Group A. Scores
of at least 66% at the effectiveness index were only
achieved in Group A (P values <0.001).

Conclusion. Cryoultrasound therapy could be an ef-
ficient treatment option for chronic plantar fasciitis.
Clinical Rebabilitation Impact. Cryoultrasound ther-
apy promises an effective and long-lasting clinical im-
provement in patients with chronic plantar fasciitis,
granted its high therapeutic efficiency, patients’ sat-
isfaction, its limited cost and its short and repeatable
protocol of use.

KEy woORDS: Fasciitis, plantar - Heel spur - Musculoskeletal
diseases - Cryotherapy - Ultrasonic therapy:.

lantar fasciitis is one of the most common causes
of pain in the sole of the foot and the inferior
heel.! On an annual basis it affects more than 2 mil-
lion persons in the USA alone.2
It is often characterized by severe pain when tak-
ing the first step in the morning. This affects up to
10% of general population,3 and it is estimated to
account for 11% to 15% of all foot symptomatol-
ogy.% > This disease is very common in sportsmen
and professional athletes, and affects in particular
runners (accounting for nearly 10% of total injuries),
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basketball, soccer, football and rugby players and
other athletes, who practice sports in which the low-
er limbs are heavily used.57

Plantar fasciitis is a degenerative condition caused
by repetitive partial tearing of the plantar fascia with
associated chronic inflammation,” which leads up to
the onset of pain and functional changes in gait.8-10
The anatomical shortening causes mechanical stim-
ulation, leads to chronic bone traction and the ensu-
ing development of bony plantar heel spurs.3. 8 De-
spite their high incidence in this disease, heel spurs
may not be directly associated with heel pain 1! and
have no negative prognostic significance.12 13

The etiology of plantar fasciitis remains uncertain
and is probably multifactorial.14 Several risk-factors
such as obesity, occupations that require prolonged
standings, traumas, improper shoes, anatomic and
structural abnormalities, foot over-pronation and
aberrant foot biomechanics (e.g., pes planus, pes
cavus, shortening of the Achilles tendon), reduced
ankle dorsiflexion and age are all closely related to
the onset of this disease.4 13-16

In runners, its onset appears to be associated with
overuse, incorrect or unregulated training and im-
proper or excessively worn footwear.3: 17 When pain
occurs in sedentary adults, it is often related to poor
intrinsic muscle strength and poor force attenuation,
secondary to an acquired pes planus, and aggra-
vated by a decrease in the body’s healing capacity.2
3,17, 18

Informing the patient about this pathology should
be the starting point of the treatment: complete rest
is needed until full recovery, restoration of a correct
gait function and pain is relieved.!®, 20 In order to
achieve this, several physical and rehabilitative treat-
ments may be used: conservative care, such as elec-
trical modalities (e.g., TENS, TECAR therapy), taping,
stretching, soft tissue therapy/massage, therapeutic
ultrasound, laser therapy, cryotherapy, magnetother-
apy, night splints, orthotics; injections and medica-
tions (corticosteroids, anti-inflammatory drugs and
NSAIDs, mesotherapy); extracorporeal shock wave
therapy.”. 15, 20, 21

The self-limiting nature of this disorder should be
taken into account when choosing the most suitable
management strategy.> Plantar fasciitis will usually
respond to conservative treatments,” even though
only a few high quality, randomized, controlled tri-
als support the efficacy of the aforementioned thera-
piesj, 21, 22
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The practical guideline developed by the Ameri-
can College of Foot and Ankle Surgeons states
that the most reasonable approach is to start with
patient-directed, low risk and minimal cost inter-
vention, such as regular stretching of calf muscles
and plantar fascia, soft tissue massage, avoidance
of barefoot walking and flat shoes, use of plantar
orthoses and heel cushions, and limitation of pro-
longed physical activities.! The use of non-steroidal
anti-inflammatory drugs may be reasonable in the
initial treatment of the acute phase and corticoster-
oid injections may provide short-term relief.l. > More
expensive and invasive treatments may be a second-
line option for those patients who have experienced
no improvement. Surgery should be reserved to pa-
tients for which conservative measures have previ-
ously failed.t,5

A further possible treating option is the use of
therapeutic ultrasound. Such therapy exerts an an-
algesic and anti-inflammatory effect and is one of
the most advised physiotherapeutic treatments for
plantar fasciitis, when in association with regular
stretching exercises. 8

Recently, cryoultrasound therapy has been tested
for musculoskeletal and musculotendinous disor-
ders. This new technology combines the benefits of
therapeutic ultrasound with those of cryotherapy.23.
24 This therapy relies on the synergy between these
two different techniques, which strengthen each
other, avoiding possible complications caused by
the thermal heating effect of the ultrasounds and
improving the mechanical and biological therapeuti-
cal effects of ultrasound therapy.24

The aim of this randomized and controlled single-
blind trial with active control group is to evaluate the
clinical efficacy of cryoultrasound therapy, in com-
parison to cryotherapy alone, in patients affected by
chronic plantar fasciitis with heel spurs, resistant to
conservative therapies. Our null hypothesis was that
cryoultrasound therapy and cryotherapy alone have
identical clinical efficacy after the 12-month follow-
up on plantar fasciitis patients, in terms of pain re-
duction and patient’s satisfaction.

Materials and methods
This single-blind RCT enrolled 102 consecutive

patients affected by chronic plantar fasciitis.
The patients were informed in detail with an
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TaBLE L.—Demographic and baseline characteristics of both groups.

Characteristics Group A Group B P value (95%; CD
Patients, N. 42

Age, mean+SD, (range), years 54.7+£9.9 54.3+8.7 0.85 (-3.7; 4.5)

(38-75) (40-72)

Gender, N. Male 26
Female 16
Side, N. Right 23
Left 19

VAS, meansSD, (range), cm 7.6x1.4 7.3x1.2 0.30 (-0.3; 0.8)

CI: confidence interval; N.: number; SD: standard deviation; VAS: visual analogue scale.

oral presentation of the scope and procedures of
the study. They were then asked to take part in a
clinical trial, in which they were randomly allocated
to receive either cryoultrasound treatment (Group
A) or cryotherapy alone (Group B) using compu-
ter randomization software (RANDI2 software ver-
sion 0.6.1). The Institutional Ethic Review Boards of
our university hospitals approved the study and a
randomized placebo-controlled study was not per-
mitted. All patients gave written, informed consent
to participate in this randomized controlled clinical
study in accordance with the National Health Coun-
cil Resolution No. 196/96.

The patients were to be between 38 and 75 years
of age, capable of filling in the questionnaires and
signing the consent form. At the time of the enroll-
ment, an experienced physician confirmed the diag-
nosis for all patients by means of a clinical examina-
tion and required an X-ray of the foot to evaluate
the presence of heel spurs.

The inclusion criteria of our study were the fol-
lowing: plantar fasciitis, occurring at least 6 months
before the treatment; intensity of pain higher than 5
on the Visual Analog Scale (VAS score); a wash-out
period of at least 4 weeks since the last traditional
conservative therapy, carried out before inclusion
in the study; radiographic presence of heel spurs;
continuous use of plantar orthoses. The exclusion
criteria were the following: conjoint presence of ac-
tive bilateral plantar fasciitis; metabolic diseases, co-
agulation diseases, arteriopathies, varices, ulcers or
skin wounds, phlebothromboses, thrombophlebitis,
Raynaud’s disease, neoplasia, systemic inflammatory
disease; previous local surgery, or a history of local
traumas; altered thermal and pain sensitivity; cold
intolerance; pregnancy; pacemaker.

Vol. 50 - No. 1

Out of 102 patients subjected to the first evalua-
tion, 18 were excluded: 12 patients because of the
absence of heel spurs; 4 patients because of non
continuous use of plantar orthoses; 2 because of
artheriopathies and metabolic diseases. 84 patients
were then included in the study and randomly al-
located to one of the two groups of treatment. The
baseline demographic and clinical characteristics of
patients are shown in Table I.

Interventions

Treatments were carried out by a physiothera-
pist with experience in cryoultrasound therapy. The
same device (Cryoultrasound Medisport) was used
for both treatment groups. This device features a
source of cryotherapy and therapeutic ultrasound,
which are emitted by the same probe. Therefore,
the patient could not realize if the ultrasound source
was active or not, so the treatment would not allow
the patient (the blinded component of the study) to
recognize which type of therapy he was undergo-
ing. The device mobile probe was used on perical-
caneal region in a circular motion (Figure 1).

Each patient followed apparently the same proto-
col, based on 10 daily treatments, lasting 20 minutes
each, with the following characteristics: continu-
ous emission; direct contact with skin, using mobile
head technique; gel interposition between the emit-
ting head and the skin; device head temperature: -2
°C. Additionally, on Group A patients was used an
ultrasound emission power rating of 2.4 Watt/cm2.

At the end of the treatment, patients were advised
to continue using plantar orthoses, to avoid sports,
long walks and intense physical activities for 12
months at least.
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Figure 1.—Cryoultrasound treatment.

Outcomes and follow-up

Symptoms of all patients were evaluated before
(TO) the treatment and 3 months (T1), 12 months
(T2) and 18 months (T3) after the treatment by the
same physician, who was not aware of what group
each patient belonged to.

The self-assessment of the level of pain was re-
corded on the 10 cm horizontal VAS scale, with 0 cm
corresponding to “no pain” and 10 ¢cm correspond-
ing to “the worst pain possible”. The VAS scale has
proven a reliable and sensitive scale for pain and
has been widely used in clinical studies.25-27

From T1 to T3 the effectiveness index was calcu-
lated and analyzed: (VAS score at TO - VAS score at
follow-up/VAS score at TO x 100).24

This index allowed us to classify the results at 3,
12 and 18 months after the treatment in:

— not improved;

— slightly improved (effectiveness index from
1% to 40%);
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— improved (index between 41-65%);
— significantly improved (66% to 85%);
— recovered (86% to 100%).

Statistical analysis

The primary end point was defined as the difference
of 2.5 points between the Group A and the Group B
in the intensity of pain reported by the patient and re-
corded on the VAS scale 12 months after the end of the
treatment. The first secondary end point was defined
as the difference between the two groups in the inten-
sity of pain reported by the patient and recorded on
the VAS scale 3, 12 and 18 months post treatment. The
second secondary end point was defined as the dif-
ference between groups in the percentage of patients
who achieved a score of at least 66% at the effective-
ness index (significantly improved + recovered) 3, 12
and 18 months after the treatment.

The sample size calculation is based on the primary
endpoint. 29 patients per group were needed to detect
the difference of 2.5 points in the VAS score, an esti-
mated standard deviation of 2.5, a level of significance
of 5% and a power of 98%. Assuming a drop-out rate
of 15%, at least 33 patients per group were required.
The characteristics of the patients were described us-
ing the average and the standard deviation for con-
tinuous variables and by percentage for categorical
variables. The continuous variables were examined to
confirm normal distribution. The difference between
and within the groups was analyzed using the para-
metric Student’s t test for independent data and paired
data, respectively. The Fisher’s Exact test was per-
formed to compare the percentages of patients who
achieved a score of at least 66% at the effectiveness
index in the Group A with those in the Group B 3, 12
and 18 months after the treatment. All analyses were
performed on the basis of the principle of the intention
to treat. A P value <0.05 was considered significant.
The confidence interval (CD at 95% was also calcu-
lated. All analyses were performed with SPSS software
for Windows (version 20.0, SPSS, Chicago, IL, USA).

Results
We noticed that the treatment used in our study
had no side effects nor complications and we also

had a high patients’ compliance.
Four patients were lost at follow-up after 18
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TaBLE I1.—Mean VAS score at baseline and 3, 12, 18 montbs after the end of treatment in both groups.

Baseline 3 months (T1) 12 months (T2) 18 months (T3)
Mean+SD Mean+SD AV P value Mean+SD AW P value Mean+SD AV P value
(95%CD (95%CD (95%CD
Group A 7.57£1.36 3.26+2.3 4.31 <0.001 2.17+£1.77 1.09 <0.001  1.57+2.06 0.60 0.002
(3.64 to 4.97) (0.70 to 1.49) (0.22 t0 0.97)
Group B 7.29+1.15 6.26+1.06 1.03 <0.001 6.52+0.83 -0.26 0.014 6.38+0.94 0.14 0.135
(0.71 to 1.33) (-0.47 to -0.06) (-0.05 to 0.33)
AB (95%CI) 0.28 3.00 4.35 4.81
(-0.26 to 0.83) (2.29 to 3.70) (3.75 t0 4.95) (4.11 t0 5.50)
P value 0.303 <0.001 <0.001 <0.001

VAS: visual analogue scale; SD: standard deviation; A¥: within-group difference; CI: confidence interval; AB: between-group difference.

months, 3 in the Group A, one in the Group B (Fig-
ure 2). However, on the basis of the intention-to-
treat, the data for these 4 patients were included
in our analysis. Both treatments have been found
effective (Table ID).

Main outcome measure

The difference in pain intensity recorded on the
VAS scale between the two groups 12 months after
the treatment was 4.35 points (95% CI 3.75; 4.95;
P<0.001), reaching the primary end point. This dif-
ference was in favor of Group A.

The VAS average values at baseline and the dif-
ferences between and within groups at various fol-
low-ups after the end of the treatment are shown in
Table II.

Secondary outcome measure

Considering the first secondary end point, the dif-
ference in pain intensity recorded on the VAS scale
between the two groups at 3, 12 and 18 months after
the treatment was 3.00, 4.35 and 4.81, respectively.
The results showed a statistically significant differ-
ence between average scores of the VAS of the two
groups at all follow-up time points in favor of Group
A (Table ID).

Considering the second secondary end point,
scores of at least 66% at the effectiveness index were
only achieved in the Group A in the follow-ups at 3,
12 and 18 months. Significant differences between
the two groups were observed at all follow-up time
points in favor of the Group A (all P values <0.001)
(Table IID).
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TaBLE II.—Results of effectiveness index at 3, 12, 18 month
JSollow-up in both groups.

Effectiveness Index, % Group A Group B P value @
3 month follow-up
Not improved 2.4% 20.2%
Slightly improved 23.9% 71.4%
Improved 30.9% 2.4%
Significantly improved 30.9% — <0.001
Recovered 11.9% —
12 month follow-up
Not improved 2.4% 35.7%
Slightly improved 4.8% 64.3%
Improved 16.6% —
Significantly improved 59.5% — <0.001
Recovered 16.7% —
18 month follow-up
Not improved 4.8% 23.9%
Slightly improved 4.8% 76.1%
Improved 4.8% —
Significantly improved 38.1% — <0.001
Recovered 47.5% —
a Fisher’s Exact test.
Discussion

Plantar fasciitis leads to a significant disability,
presents frequent relapses and a long recovery time,
especially in athletes.1, 2. 5.8, 18,19, 28

Martin et al.’> and Crawford and Thomson 2! have
shown a variable success rate for nonsurgical and
conservative treatments.1 515,21 The clinical outcome
for most patients is typically favorable 1.5 and about
90% of patients is successfully treated with conserv-
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ative and nonsurgical measures within 1 year.t 57, 19,
29 Only 5% of patients, presenting chronic and recur-
rent pain, is treated surgically.! 5, 15,19, 21

Despite evidence of the effectiveness of thera-
peutic ultrasound being limited by the relative lack
of prospective studies,> 16,3032 it is currently often
used with benefit in the treatment of plantar fasciitis
(Speed; D’Andréa Greve et al.).7. 8 22,33, 31 The stud-
ies by Zanon and Imamura demonstrated its success
in association with regular stretching exercises,8 35
3 Dyson et al.3” Byl et al.;3¥ and Binder et al.,3° in
the tissue repair and soft tissue lesions treatment,
Ebenbicher et al.%0 in calcific tendonitis therapy and
Robertson-Baker 4! and van der Windt et al.42 for
musculoskeletal disorders.

Cryotherapy is generally considered to be a basic
component of most injury management strategies.43
A review by Bleakley et al.4t proved the effective-
ness of cryotherapy in reducing edema and short-
term pain and the study of Knobloch et al. also dem-
onstrated its benefits on tendonitis.5

Some new researches have shown that the associ-
ation of cryotherapy and therapeutic ultrasound of-
fers advantages in comparison to CO, laser therapy
or TECAR therapy in treatment of tendon injuries
and musculoskeletal diseases.23 24

This controlled and randomized study was per-
formed to compare the therapeutic efficacy of com-
bined cryoultrasound therapy and cryotherapy in
patients affected by chronic plantar fasciitis with
heel spurs.

In order to avoid any bias, our selected patients
used insoles regularly and presented heel spurs, as
their absence could have been a confounding factor
in the data analysis, because of their high incidence
in this pathology.11. 12

Both treatments improved pain perception and
showed a statistically significant decrease in the VAS
score, even though differences in pain intensity on
the VAS scale between the cryoultrasound group
and the cryotherapy group were soon noticeable,
reaching 4.35 points (95% CI 3.75; 4.95; P<0.001)
at the 12-month follow-up as per our primary end
point. Improvement was extensive and continuous
in the cryoultrasound group, whereas in the con-
trol group we noticed a slight improvement in val-
ues only in the first stage (T1), while afterwards
pain symptomatology did not improve significantly.
This trend was also confirmed by the values at the
18-month follow-up and the effectiveness index
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analysis, which showed a more beneficial effect of
combined cryoultrasound therapy on pain on the
short, medium and long term.

Nonetheless, not all Group A patients reached ac-
ceptable values: at T1 14 patients (33.3%) had VAS
scores higher than 5; among them, 3 patients (7.1%)
had high VAS scores also at T3. A satisfying analgesic
therapy should keep pain at a mild intensity rating,
with values lower than 4.5 on VAS scale; over this
threshold pain could interfere heavily with daily ac-
tivities and quality of life.25 33 The majority of patients
in Group A reached this goal immediately at the first
check-up (T1), in which the average VAS score was
4.3; this value then dropped to 1.6 at the 18-month
follow-up. On the contrary, patients in Group B nev-
er reached these scores, which remained high.

We can infer from these data that excellent results
can be obtained in treating plantar fasciitis when
cryotherapy is used in association with therapeu-
tic ultrasound. The head of the ultrasound device,
placed on the affected area, causes an immediate
vasoconstriction, which is followed by a strong su-
perficial vasodilatation and a decrease in deep mus-
cle perfusion. The simultaneous use of cryothera-
py causes a decrease in deep tissue temperature,
thereby increasing the density of the tissue itself.
The combined use of these two therapeutic tech-
niques determines a direct compensation of their
side effects and both an additive and synergetic
result on their therapeutic effects. Cryoultrasound
creates an exogenous-endogenous thermotherapy,
in which cryotherapy counterbalances ultrasounds
side effects, improving the mechanical and biologi-
cal effects on tissue regeneration and remarkably
decreasing the thermic effect.

The results of our study protocol on plantar fascii-
tis agree with those in other studies, in which Cry-
oltrasound has been employed in treating traumatic
and acute inflammatory pathologies.23. 24,40 A limit of
our study is the evaluation of subjective pain alone,
without instrumental data or imaging (e.g., echog-
raphy or RM). Moreover further clinical studies are
necessary to confirm the results of our study also
on other musculoskeletal disorders. In order to cor-
rectly evaluate this therapeutic approach, it would
also be useful to conduct trials versus placebo, with
control groups treated with no therapy at all. In our
study, as a matter of fact, it was not possible to real-
ize the role cryotherapy and therapeutic ultrasound
each assumed.
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Cryotherapy plays a very important antalgic and
anti-inflammatory role in the immediate post-trau-
ma period. This might lead us to think that even
cryotherapy partially contributes to the reduction of
pain, but then we can affirm that, with a long term
follow-up, it might not be possible to contextualize
pain outside the chronicity of the disease. As it is
well known, indeed, the chronicity process leads to
a slight decrease in pain and to its stabilization.33

However, in our case, cryotherapy may create a
cooling cone in the tissue through which the high
power ultrasonic waves would pass, creating an in
depth thermal effect which is well tolerated by the
patient and very effective in reducing the painful
symptoms in both short and long period.

Furthermore, cryotherapy does not present many
contraindications except for advanced vascular dis-
eases, osteoporosis with increased bone turnover,
local bleeding or skin lesions and the presence of
metal fragments such as orthopedic fixation devices.

Conclusions

Our study protocol provided us with interesting
results and allowed us to use high power ultra-
sounds, which are normally not tolerable, taking the
maximum advantage from their positive effects and
avoiding their troublesome side effects. It would be
useful to undertake clinical studies versus placebo
to evaluate the real effectiveness of the proposed
treatment.

The results of our study demonstrate that com-
bined cryoultrasound therapy has more beneficial
effects on pain after 12 months in comparison to
cryotherapy alone in the treatment of chronic plantar
fasciitis with heel spurs. It also seems that cryoultra-
sound therapy has more beneficial effects on pain
after 3 months and in the long run (18 months),
consequently increasing the patients’ satisfaction on
the short, medium and longterm when compared to
cryotherapy.

We can therefore conclude that, thanks to the
synergetic action of ultrasounds and cryotherapy,
Cryoultrasound could be an efficient treatment op-
tion for chronic and recalcitrant plantar fasciitis,
granted its high therapeutic efficiency, patients’
satisfaction, its limited cost in comparison to oth-
er physical therapies and its short and repeatable
protocol of use.
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