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Objective: Physiotherapists and physicians continue to seek effective
conservative treatments for Achilles tendinopathy. This study aimed to
subjectively and objectively determine the therapeutic efficacy of radial shock
wave therapy (RSWT) and ultrasound therapy in non-insertional Achilles
tendinopathy.

Materials and methods: Thirty-nine patients with non-insertional Achilles
tendinopathy were randomly assigned to three experimental groups, i.e.,
RSWT (group A), ultrasound therapy (group B), and placebo ultrasound (group
C) groups. Before the intervention and at weeks 1 and 6 after the treatment,
the patients were assessed using the Victorian Institute of Sport Assessment—
Achilles (VISA-A) questionnaire and posturographic measurements of step
initiation performed on the force platforms under two different conditions
(non-perturbed transit and perturbed transit).

Results: Six weeks after therapy, all groups exhibited significantly increased
VISA-A scores against the measurement at week 1 after therapy. The post-
therapy percentage changes in VISA-A scores were significantly greater in group
A compared to group B. The three-way ANOVA demonstrated that treatment
type affected sway range in the frontal plane and mean velocity of the centre
of foot pressure displacements in the sagittal and frontal planes during quiet
standing before step initiation. The Bonferroni post-hoc test showed that the
means of all those variables were significantly smaller for group A than for group
B patients. The three-way ANOVA revealed an effect of the platform arrangement
on transit time and double-support period. The Bonferroni post-hoc test revealed
statistically longer transit time for the perturbed vs. non-perturbed trials; a reverse
relationship was observed for the double-support period.

Conclusion: The VISA-A showed that RSWT was significantly more effective
than sonotherapy for alleviation of pain intensity as well as function and activity
improvement in patients with non-insertional Achilles tendinopathy. Therefore,
RSWT therapy can be used in clinical practice by physiotherapists to alleviate the
symptoms of non-insertional Achilles tendinopathy. Objective data registered
by force platforms during quiet standing before and after step initiation did
not prove useful for monitoring the progress of treatment applied to patients
with non-insertional Achilles tendinopathy between consecutive therapy
interventions.
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Clinical trial registration: https://anzctr.org.au/Trial/Registration/TrialReview.
aspx?ACTRN=12617000860369, identifier (ACTRN12617000860369).
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Introduction

Achilles tendinopathy results from excessive muscle and/or
tendon loading injury and multiple microinjuries (1). Chronic clinical
manifestations of Achilles tendinopathy include pain and swelling in
the tendon, functional deterioration (2), and stiffness associated with
prolonged rest (3). Considering the anatomical criterion, Achilles
tendinopathy is classified as midportion tendon dysfunction
(non-insertional Achilles tendinopathy), when symptoms are located
from 2 to 7cm proximal to its attachment on the calcaneus, or as
dysfunction of the attachment of the tendon onto the calcaneus, i.e.,
insertional Achilles tendinopathy, commonly with the formation of
bone spurs and calcifications in tendon proper at the insertion site
(4). Achilles tendinopathy can co-occur with paratendinopathy,
defined as acute or chronic inflammation and/or degenerative
changes of the thin layer of tissue surrounding the tendon (4). The
paratenon is a densely vascularised and innervated elastic sheath that
plays a vital role in developing painful midportion Achilles (para)
tendinopathy (5). A dysfunction or pathology in the Achilles tendon
area significantly decreases the patients’ health-related quality of life
(6, 7). Achilles tendinopathy also greatly impacts the patient’s
socioeconomic status; over one-third (38%) report reduced work
productivity (6).

Achilles tendinopathy can be managed using conservative and
surgical therapies (8, 9). Patients with tendon disrepair and
degenerative tendinopathy might benefit from physical interventions
that enhance cell activity, protein expression, and remodeling of the
extracellular matrix (10). Such treatments include sound waves (11,
12) and shock waves (13, 14), among others. Both are mechanical
waves, but their physical characteristics differ (15, 16). The findings of
studies evaluating the effects of shock wave therapy in patients with
Achilles tendinopathy are inconclusive (17, 18). The therapeutic
efficacy of mechanotherapy for Achilles tendinopathy has so far been
mainly measured with scales and questionnaires whereby patients
subjectively assess their complaints (11, 13, 14, 19, 20). Objective
measurements are not commonly used (21-24).

Degenerative lesions in the Achilles tendon reduce tendon
stiffness and cause tensile mechanical changes (25, 26). Pain and
swelling impair the function of the muscle-tendon unit (27).
Reduction of the ankle plantar flexion and dorsiflexion moments
during the mid-stance and terminal swing phases (28) may lead to
difficulty with normal gait and push-off. We, therefore, formed a
research hypothesis that pain relief and reduced edema and stiffness
associated with prolonged rest in the Achilles tendon seen after radial
shock wave/ultrasound therapy would change the dynamics of step
initiation. It was also hypothesised that the magnitude of such change
would be related to therapy type and measurement conditions.
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The primary aim of the present study was to investigate and
compare the therapeutic efficacy of two different mechanotherapy
types (radial shock wave and ultrasound therapies) for non-insertional
Achilles tendinopathy. Another aim was to determine whether force
platform posturography might play a role as an adjunct to the objective
assessment of patients with degenerative conditions of the
Achilles tendon.

Materials and methods

Based on the Consolidated Standards of Reporting Trials
(CONSORT) guidelines (29), this was a 5-year (October 2017-May
2022) prospective, randomised, controlled clinical trial. The project
was approved by the local research ethics committee (approval
number: 5/2016) and registered in the Australian and New Zealand
Clinical Trials Registry (no. ACTRN12617000860369; date registered:
9.06.2017).

The entire research project was divided into several parts.
We recently published the results of the first part, which focused on
the analysis of pain intensity (according to the Visual Analogue Scale)
and postural sway during quiet standing and stepping tasks after
mechanotherapy treatments (23, 24). This study presents the scores of
the Victorian Institute of Sport Assessment-Achilles (VISA-A)
questionnaire and posturographic measurements of step initiation
performed under two different conditions (non-perturbed and
perturbed transit).

Patients

The trial screening procedure was applied to patients of
orthopedic and physiotherapy outpatient units, whose eligibility
to participate was assessed by an orthopedic surgeon based on
medical history and physical examination (including ultrasound).
The following inclusion criteria were used: pain over the main
body of the Achilles tendon 2 to 6 cm proximal to its insertion
lasting longer than 3 months, midportion tendon abnormalities
identified on ultrasound, and participation in recreational
activities (23). Individuals were considered recreationally active
if they participated in aerobic activity for 80 min at moderate
intensity less than or equal to twice a week (30). Ultrasound
images showed hypoechoic thickening of the midportion of the
Achilles tendon with focal disruption of its collagen fibres.
Colour-coded Doppler ultrasound revealed an increase in tendon
vascularity. The exclusion criteria have been precisely described
in our recent study (23) and included patients under 18 years of
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FIGURE 1
Flowchart of the trial from the baseline.

age, pregnancy, thrombophlebitis, atherosclerosis, renal failure,
local lower limb infection, neoplastic disease, history of Achilles
tendon surgery, knee instability, ankle instability, lower extremity
length discrepancy, anticoagulant therapy, physical therapy
during 6 weeks preceding the study, corticosteroid injections
during 6 weeks preceding the study, type 1 diabetes mellitus and
type 2 diabetes mellitus with insulin therapy, rheumatoid arthritis
and other rheumatoid diseases, cardiac pacemaker, cardiac
arrhythmia, cardiovascular insufficiency, patellar tendinitis,
bilateral Achilles tendinopathy, history of stroke (ischemic,
hemorrhagic), neoplasms, cardiac pacemaker, pathological skin
conditions, coagulation disorders, arteriosclerosis, and
thromboangiitis obliterans.

Forty-five patients with non-insertional Achilles tendinopathy
were selected. An orthopedic surgeon, who had been blinded
regarding the type of therapeutic intervention, checked all inclusion
criteria. They enrolled 39 patients and excluded six (Figure 1).

Three groups were formed of patients who consented to
participate in the study: radial shock wave therapy (RSWT) (group A),
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ultrasound therapy (group B), and placebo ultrasound (group C).
Randomization involved the use of sequentially numbered envelopes.

Table 1 shows the baseline characteristics of the patients in all
groups (23).

The patients from groups B and C were blinded to the type of
treatment. However, the treatment-providing physiotherapist,
principal investigator, and radial shock wave therapy receivers were
aware of the therapy type. The trial was conducted in the physiotherapy
outpatient unit and the Human Motor Behavior laboratory of the
Academy of Physical Education in Katowice, Poland.

Therapy

A radial shock wave device (ShockMaster 500, Gymna-Uniphy)
with a standard 15-mm pneumatic applicator was used. Each RSWT
session comprised two phases. During the first phase, shocks were
delivered to the Achilles tendon (2000 shocks/10Hz/3 bars), and
during the second phase, they were delivered to the gastrocnemius
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TABLE 1 Characteristics of the study participants.

Characteristics Group A (n=13) Group B (n=13) Group C (n=13) p-value
mean + SD or n (%) mean + SD or n (%) mean + SD or n (%)
Age (years) 42+11.42 36.69+11.57 34+11.32 p>0.05*
Sex
Female 2 (15.4%)%* 4(30.8%) 8 (61.5%) p =0.04%*
Male 11 (84.6%) 9 (69.2%) 5 (38.5%)
Body weight (kg) 80.46+10.95 79.46+9.25 73.53+16.08 p>0.05%
Height (m) 1.7940.09 1.79+0.08 1.77+0.12 p>0.05*
Affected limb p >0.05%*
Left 6 (46.2%) 4(30.8%) 4(30.8%)
Right 7 (53.8%) 9 (69.2%) 9 (69.2%)
Duration of symptoms (mo) 8.84+8.68 9.07+7.64 7.53+5.07 p>0.05%

#Kruskal-Wallis test; **Chi-square test; ****Fisher’s exact test: p=0.02. Bold values indicate statistically significant differences (p < 0.05).

muscle (2000 shocks/10 Hz/3 bars). Each patient in group A received
three treatments at 7-day intervals.

Ultrasonic waves were applied to the Achilles tendon in circular
movements with a 4-cm® transducer head (Pulson 400, Gymna).
Pulsed ultrasonic waves (with 50% duty cycle) of 3MHz frequency
and 1.0 W/cm?® power density were used. The length of the treatment
session was proportional to the size of the treatment area—each
square centimeter was treated with ultrasound energy for 2 min. Each
patient received the treatment once daily, i.e., 10 treatments during
2 weeks.

A Pulson 400 (Gymna) was also used for the placebo ultrasound
therapy. The ultrasound machine’s parameters and treatment
procedures were identical to those of group B, except that sound waves
were not generated.

During the first 2 weeks of treatment, deep friction massage (six
sessions) was applied to members of all experimental groups (23, 24).
It would have been unethical to leave patients in the placebo group
without any form of therapy for the entire research project. Hence,
we applied deep transverse massage to all research groups for the first
2 weeks of the experiment.

Outcome assessment

Before the intervention and at weeks 1 and 6 after the
treatment, the patients were evaluated using the Victorian Institute
of Sport Assessment-Achilles (VISA-A) questionnaire and
posturographic measurements of step initiation performed on the
force platforms under two different conditions (non-perturbed and
perturbed transit).

All study participants provided subjective assessment (VISA-A).
However, for personal reasons, two patients refused to participate in
the follow-up posturographic measurements at 6 weeks post-therapy.

The VISA-A questionnaire consists of eight questions
regarding pain (questions 1-3), function (questions 4-6), and
activity (questions 7 and 8). The maximum score for questions
one through seven is 10; question 8 yields a maximum of 30
points. The total score of 100 points indicates no abnormalities
within the tendon, while 0 represents the most severe
condition (31).
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FIGURE 2

Two different conditions: non-perturbed transition (A) and obstacle
crossing transition (B).

The posturographic measurement station for step initiation
tasks consisted of two (A and B) force platforms (AMTI,
AccuGait, Watertown, MA, United States), a charge amplifier,
and a computer. Digital output from the platform was recorded
at 100 Hz using AMTT’s NetForce software. The offline raw data
were filtered using a Butterworth low pass filter with a cutoff
frequency of 6Hz (MATLAB, MathWorks, Natick, MA,
United States) (32).

Assessment of step initiation consisted of two trials, namely,
non-perturbed and perturbed transit (with an obstacle inserted
between two platforms) (Figure 2). The step initiation procedure was
conducted as described in a study by Stania et al. (33).

Statistical analyses used the means of the study variables from
three-step initiation repetitions within each trial. Platform change
started each time at a sound signal. The procedure of step initiation
was performed with the affected and unaffected limbs in
random order.

The recording of the centre of foot pressure (COP)
displacements was divided into three phases: phase 1—quiet
standing before step initiation, phase 2—transit, and phase 3—
quiet standing until measurement completion. The recording was
divided into phases using an algorithm that had already been
presented by Stania et al. (33). The following variables of COP
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displacement were determined for phases 1 and 3: sway range
(raCOP) [cm] and mean velocity of COP (vCOP) [cm/s] in the
sagittal (4p) and frontal () planes. The following variables were
calculated for phase 2: transit time-time from exit from stability
until gaining post-transit stability [s]; and double-support period—
time when one foot was in contact with platform A and the other
with platform B [s].

Statistical analysis

The Shapiro-Wilk test was used to check the data for normal
distribution, while variance homogeneity was investigated using
Levene’s test. The homogeneity of the patients’ age, body weight,
height, intensity of rest pain, and tendinopathy duration
distribution was analyzed with the Kruskal-Wallis test by ranks.
The distribution of the remaining variables, ie., sex and
tendinopathy location (right vs. left limb), was tested using the
Chi-square test of independence.

Percentage change in the VISA-A score was derived from the
following formula:

X[%]:%xloo[%]

where: X - percentage change in the VISA-A score; X;, - mean
VISA-A score: (1) before treatment, (2) at 1-week post-treatment; X,
- mean VISA-A score: (1) at 1-week post-treatment, (2) at 6-week
post-treatment.

The three-way repeated measures ANOVA with a 3x2x2
factorial design (timepoint X limb condition x platform
arrangements) was used to analyze the posturographic and
temporal parameters of step initiation phases. All two- and
three-way interactions were analyzed. The ANOVA results were
used to calculate the F-statistics for each main effect and
interaction. The post-hoc comparisons were performed using the
Bonferroni test. Mauchly’s sphericity test was used to validate a
repeated measures ANOVA. The Greenhouse-Geisser correction
was applied to adjust for a lack of sphericity in a repeated measures

10.3389/fneur.2024.1434983

ANOVA. In all tests, the level of statistical significance was set at
$<0.05.

Results
Subjective assessment

At 6weeks after therapy, all groups exhibited significantly
increased VISA-A scores against the measurement at week 1 after
therapy (p=0.01). In Group A, the mean VISA-A score at 6 weeks of
therapy completion was significantly higher than the
pre-intervention score (p =0.04) (Table 2). The percentage change in
VISA-A scores obtained at 6 weeks of therapy completion compared
to pre-therapy scores, as well as in VISA-A scores obtained at
6 weeks of therapy completion compared to post-therapy scores at
1week, was significantly greater in group A than in group B

(Table 3).

Objective assessment

Statistically significant changes were only noted between some
posturographic parameters of step initiation tasks.

Phase 1

The four-way interaction effect of group x timepoint x limb
condition X platform arrangements was significant for raCOP in the
sagittal plane (F(4,68)=3.35; p=0.01). However, the Bonferroni
post-hoc test did not reveal any statistically significant differences in
the values of the raCOP,; (p>0.05).

The three-way ANOVA demonstrated the treatment type that
affected most of the measured variables: raCOP,; (F(2,68)=4.42;
p=0.02), VCOP,, (F(2,68) =4.59; p=0.02) and vCOP,; (F(2,68)=3.91;
p=0.003). The Bonferroni post-hoc test showed that the means of all
those variables were significantly smaller for group A than for group
B patients (p<0.05).

TABLE 2 Changes in the mean VISA-A function scores (+SD) in groups A, B, and C.

Group Measures of Before lweek after 6 week after p*
spread therapy (T;)  therapy (T;)  therapy (T,)
A X+SD 65.54+20.06 72.08+19.09 87.76 +8.77 p <0.0001 p>0.05 0.01 0.04
Me 73 76 90
(Q1;Q3) (50; 78) (605 85) (83;95)
B X+SD 74.23+12.98 81.08+14.67 83.31+15.09 p <0.001 p>0.05 0.01 p>0.05
Me 74 85 90
(Q1;Q3) (68; 84) (71;93) (71;97)
C X+SD 72.85+12.37 73.85+11.88 75.69+12.79 p <0.01 p>0.05 0.01 p>0.05
Me 77 78 78
(Q1;Q3) (62;82) (663 82) (66 86)

Me - median; Q1 - lower quartile; Q3 - upper quartile.
p* - Kruskal-Wallis ANOVA by ranks.
p** — the post-hoc test for Kruskal-Wallis ANOVA by ranks. Bold values indicate statistically significant differences (p < 0.05).
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TABLE 3 Percentage change for VISA-A function scores (+SD) in groups A, B, and C.

Inter- Group A Inter-group
assessment X [%] D comparisons: A-B
percentage 2 and B-C (p post-
hoc*#)
To-T, 18.77 25.85 9.31 7.64 1.55 222 0.002 A-B: p>0.05
B-C: 0.04
T,-T, 23.75 36.48 2.86 4.93 248 5.34 0.001 A-B: 0.01
B-C: p >0.05
T,-T, 4637 48.87 12.59 11.38 4.06 5.58 0.002 A-B: 0.01
B-C: p>0.05

T, - before therapy; T, - 1 week after therapy; T, - 6 weeks after therapy.
p* - Kruskal-Wallis ANOVA by ranks.

p** - the post-hoc test for Kruskal-Wallis ANOVA by ranks. Bold values indicate statistically significant differences (p < 0.05).

*
[T 1
*
3,50 [ T
3,00
2,50
=
@ 2,00
g
=
= 1,50
£
3]
1,00
0,50
0,00
AFFECTED LIMB UNAFFECTED AFFECTED LIMB UNAFFECTED AFFECTED LIMB UNAFFECTED
LIMB LIMB LIMB
GROUP A GROUP B GROUP C
BFlat/ before therapy B Obstacle / before therapy
BFlat/ 1 week after therapy B Obstacle / 1 week after therapy
mFlat/ 6 weeks after therapy 1 Obstacle / 6 weeks afther therapy
FIGURE 3
Changes in the mean transit time (+ SD) in all experimental groups during the entire observation period. Horizontal lines with vertical dashes indicate
statistically significant differences (p <0.05).

Platform arrangements also had an effect on the raCOPy,;
(F(1,68) =11.59; p=0.002) and vCOP,, (F(1,68) =14.43; p<0.001).
The post-hoc test revealed that the mean values of the variables were
significantly greater for perturbed step initiation compared to
non-perturbed trial (p <0.05).

Phase 2

The four-way interaction effect of group x timepoint x limb condition
x platform arrangements was significant for transit time (F(4,68) =2.65;
p=0.04) (Figure 3). The Bonferroni post-hoc test revealed statistically
significant differences in transit time between group B participants
(Figure 3).
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The post-hoc test also showed the duration of double-support was
significantly longer for pre-intervention non-perturbed transit initiated
with the affected limb compared to perturbed transit at 1 and 6 weeks
after therapy (p<0.05) (Figure 4). In addition, in all experimental
groups, the duration of double-support was significantly longer for
pre-intervention non-perturbed transit initiated with the affected limb
compared to perturbed transit initiated with the unaffected limb at 1
and 6 weeks of therapy completion (p<0.05) (Figure 4).

The three-way ANOVA revealed an effect of the platform
arrangement on transit time (F(1,68) =37.22; p<0.001) and double-
support period (F(1,68) =61.05; p<0.001). The Bonferroni post-hoc
test showed transit time was significantly longer for the perturbed vs.
non-perturbed trial (p <0.05); a reverse relationship was observed for
the double-support period (p <0.05).

frontiersin.org


https://doi.org/10.3389/fneur.2024.1434983
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Stania et al. 10.3389/fneur.2024.1434983

0,45

0,40

0,35

0,30
0,25 l [ I T I
0,20 ‘ fi [
0,15
0,10

0,05

Double-supportperiod [s]

0,00

AFFECTED LIMB UNAFFECTED

LIMB

AFFECTED LIMB UNAFFECTED
LIMB

AFFECTED LIMB

UNAFFECTED
LIMB

GROUP A GROUP B GROUP C

E Flat/ before therapy
BFlat/ 1 week after therapy
mFlat/ 6 weeks after therapy

B Obstacle / before therapy
B Obstacle / 1 week after therapy
m Obstacle / 6 weeks afther therapy

FIGURE 4
Changes in the mean double-support period (+ SD) in all experimental groups during the entire observation period. Horizontal lines with vertical

dashes indicate statistically significant differences (p <0.05).

Phase 3

The four-way interaction effect of group x timepoint x limb
condition x platform arrangements was not significant for any of the
measured posturographic variables (p>0.05).

The three-way ANOVA revealed an effect of the platform
condition on raCOPy; (F(1,68)=18.68; p<0.001), vCOP,p
(F(1,68) =25.36; p<0.001), and vCOPy; (F(1,68)=15.64; p<0.001).
The means of all those variables were significantly greater for
perturbed step initiation compared to non-perturbed trial (p <0.05).

Discussion

The post-therapy subjective assessment of tendinopathy-related
complaints with the VISA-A questionnaire revealed significant
improvement in all experimental groups; the therapy was shown to
be the most effective in group A (Tables 2, 3). However, a majority of
changes captured by successive measurements on force platforms were
too small and inconsistent to make the analysis of posturographic
parameters of quiet standing before and after step initiation useful for
the evaluation of treatment efficacy in patients with non-insertional
Achilles tendinopathy. Since the three-way ANOVA did not reveal any
effect of limb condition on the variables under consideration, Achilles
tendinopathy does not seem to reduce posturographic locomotor
performance on simple motor tasks.

An analysis of VISA-A scores showed an advantage of RSWT over
ultrasounds (Table 3), whereas a meta-analysis by Punnoose et al. (34)
did not demonstrate statistically significant differences between
extracorporeal shock wave therapy (ESWT) and other interventions
on the pooled VISA-A scores (95% CI: —15.02, 26.51; p=0.59). These
differences might possibly result from different baseline characteristics
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of patients with Achilles tendinopathy. In our experiment, the mean
pre-intervention VISA-A score was over 65, and the mean duration of
symptoms was approximately 8 months. In the primary research by
Rompe et al. (35, 36), included in Punnoose et al’s analysis (34), the
mean pre-intervention VISA-A score was markedly lower (below 53.5
points), and symptom duration was longer and more variable (9.2-
26.3months). According to the continuum model of tendon pathology
proposed by Cook and Purdam (10, 37), the early stage of tendon
dysfunction, i.e., reactive tendinopathy, is a reversible condition. This
might account for significant post-therapy function improvement in
our study, as revealed by the subjective assessment with the
VISA-A questionnaire.

Step initiation is a transition phase between quiet standing and
the gait cycle. It is a complex motor task that requires the integration
of sensory information arising from the proprioceptive, vestibular,
and visual systems (38). Gait initiation also depends on skeletal
muscle activities, ground reaction forces, movements of the centre
of pressure and centre of mass as well as joint motions (39), and
anticipatory postural adjustments (40). Lifting the swing foot off
the ground to make a step, i.e., moving from a bipedal to an
unipedal stance, reduces the mediolateral base of support. If the
centre of mass is not moved above the limits of the resultant base
of support (the stance foot), the body will start bending excessively
toward the swing leg side, resulting in a risk of falling (40). Such
instability is prevented by anticipatory postural adjustments that
precede postural perturbations associated with voluntary
movements (40).

Gait disturbances seen in individuals with Achilles tendinopathy
include changes in spatial-temporal gait parameters, i.e., reduced step
length and walking speed and an increase in double-limb support
(28). The pre-intervention double-limb support time was also longer
in our experiment. Post-therapy assessment (groups A, B, and C)
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revealed statistically significant intragroup changes in double-support
throughout the observation period, while intergroup differences did
not reach the level of statistical significance.

However, a three-way ANOVA revealed an effect of therapy type
on raCOPyy;, vVCOP,p, and vCOPy; for quiet standing before step
initiation; vCOP,, for quiet standing after transit phase was also
affected. Overall, postural control in quiet standing was more efficient
in patients who received RSWT than in the ultrasound group, thus
implying that a relationship existed between shock wave therapy and
smaller COP displacement, similar to our recent study (23).

As expected, non-perturbed transit between platforms was an
easier motor task for all study participants. The presence of an obstacle
challenges postural stability during gait initiation. However, the
central nervous system is capable of predicting obstacle-related
balance problems and modifies the spatiotemporal parameters of
anticipatory postural adjustments accordingly (40).

The clinical improvement observed in all experimental groups
(Table 2) might have been—to a greater or lesser degree—a result of
deep friction massage applied in all participants. Manual techniques
may have mechanical effects on microstructure abnormalities in
affected tendons (41). Deep friction massage is essential for releasing
fibrotic adhesions between the Achilles tendon and the surrounding
paratenon (especially in chronic midportion Achilles tendinopathy),
as it promotes the restoration of tendon gliding.

The most common clinical sign found on examination of
non-insertional Achilles tendinopathy is a spindle-shaped thickening,
usually located 2 to 6 cm proximal to the tendon’s calcaneal insertion.
A squeeze test that involves pinching the thickening with two fingers
often reproduces the pain. The stiffness of the gastrocnemius-soleus
complex on passive stretching is another common complaint,
especially in athletes with a chronic condition (42). Based on
histopathological studies, pathologies of the Achilles tendon include
midportion tendinosis, which can be coupled with small-size focal
tears of the collagen fibres, paratendinitis, and paratendinopathy with
or without pathological changes of the tendon tissue (43). These
lesions should be considered separate disease entities, although they
often coexist and share clinical features. Diagnostic tests should
facilitate differentiation between the different pathologies of the
Achilles tendon, retrocalcaneal bursitis, and superficial calcaneal
bursitis (4); however, the criteria for qualifying patients for
experiments evaluating the efficacy of shock wave and ultrasound
therapy focused primarily on the location of tendinopathy within the
Achilles tendon, without reference to potential pathological changes
of the paratenon (21, 22, 34, 44). Hence, there is a need for randomised
clinical trials verifying the effectiveness of mechanotherapy depending
on the phenotypes of Achilles pathology.

The molecular mechanisms of shock waves and ultrasound action
on tendon tissue are quite complex (45, 46). It is believed that the
regenerative effects of ESWT are derived from mechanotransduction,
where the mechanical energy is converted to biochemical energy in
the tendon cell (46). Shock waves promote tenocyte viability and
proliferation as well as the expression of typical tendon markers and
anti-inflammatory cytokines (47, 48). ESWT may initiate tendon
tissue regeneration by promoting pro-inflammatory (interleukin-6)
and catabolic processes (interleukin-8) to remove damaged matrix
constituents (49). It also facilitates collagen synthesis by upregulating
proliferating cell nuclear antigen and transforming growth factor 3 1
(50). In vitro study (51) demonstrated that therapeutic ultrasound also
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increased fibroblast proliferation, enhanced the synthesis of collagen,
non-collagenous proteins, and production of interleukin-8, vascular
endothelial growth factor, and basic fibroblast growth factor.
Ultrasounds mainly stimulate types I and III collagen expression (52),
the predominant proteins in damaged regions of the tendon.
Ultrasonic waves also stimulate tendon cell migration and proliferation
(53), which is crucial for tendon healing (45). The mechanical impact
of ultrasound is smaller compared to shock waves (15, 16), which
might account for a greater increase in VISA-A scores observed in
group A compared to groups B and C (Table 3).

Shock wave treatments for patients with tendinopathy do not
cause a rapid and significant change; instead, they contribute to the
gradual healing of the affected tissues (54). The main limitation of the
study was the lack of long-term follow-up. A posturographic
examination at a timepoint distant from mechanotherapy completion
might have been sensitive enough to detect changes in postural
control in patients with non-insertional Achilles tendinopathy who
had undergone the treatment. When designing the experiment, we did
plan a follow-up assessment at 24 weeks of therapy completion.
Regrettably, approximately 40% of the patients refused to participate
or failed to arrive for personal or health-related reasons.

Another limitation was that a small number of patients were in
the experimental groups. Increasing the sample size may have
yielded significant differences between the variables studied. In
addition, in the present experiment, postural control of patients with
Achilles tendinopathy was primarily assessed during quiet standing
before and after step initiation rather than during step initiation.
Regarding step initiation, it is essential to explore anticipatory
postural adjustments (APAs) from COP data and their preparatory
(imbalance), unloading, and transitory phases (55). We did not
analyse the temporal and spatial parameters of APAs from COP,
which would allow us to assess postural control during transient
locomotor tasks in patients with non-insertional Achilles
tendinopathy. Such an analysis could provide more information
regarding the efficacy of mechanotherapy.

The results of the RSWT group were compared to those obtained
in the group treated with ultrasounds. The latter were compared with
the placebo group. We are, of course, aware that, under the
assumptions of evidence-based medicine, randomised placebo-
controlled trials are the gold standard research design for treatment
efficacy evaluation. However, the majority of individuals are aware
that shock wave therapy could be associated with painful sensations,
and we believed the absence of any discomfort could make the
participants suspicious (23). Therefore, we did not create a placebo
control for RSWT; we consider this the fourth limitation. However,
there was a placebo group for ultrasound therapy as patients did not
find it uncomfortable.

Conclusion

A follow-up subjective assessment (VISA-A) performed at 6 weeks
of treatment completion showed that RSWT was significantly more
effective than ultrasound therapy for alleviation of pain intensity as
well as improvement of function and activity in patients with
non-insertional Achilles tendinopathy.

Objective data registered by force platforms during quiet standing
before and after the step initiation task did not prove useful for tracing
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the progress of patients with non-insertional Achilles tendinopathy
between consecutive therapy interventions.
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