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Background: Achilles tendinopathy is a painful disorder, and various treatment options are available. Bipolar radiofrequency
microtenotomy (RFM) has shown promising results in treating tendinosis.

Purpose/Hypothesis: The purpose was to compare the results between treatment with bipolar RFM and physical therapy (PT) for
patients with midportion Achilles tendinopathy. It was hypothesized that RFM would be equivalent or superior to PT.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 38 patients with midportion Achilles tendinopathy were evaluated for 2 years. The patients were randomized to
receive either RFM or PT. There were 20 patients in the RFM group and 18 patients in the PT group. Clinical outcomes were
assessed using the visual analog scale (VAS) for pain and the Foot and Ankle Outcome Score (FAOS). The degree of tendinosis was
evaluated with magnetic resonance imaging (MRI) of the affected ankle performed before intervention and 2 years after
intervention.

Results: In both groups, the VAS scores at the 2-year follow-up were significantly improved compared with preintervention: from
7.2 ± 1.5 to 1.0 ± 1.4 for the RFM group and from 5.9 ± 1.3 to 3.1 ± 1.8 for the PT group (P < .01 for both). Compared with the PT
group, the RFM group had significantly better VAS scores at both the 1- and 2-year follow-ups (P < .01 for both) and better scores
on 4 of the 5 FAOS subscales at the 2-year follow-up (P < .01 for all). MRI revealed an improvement in the tendinosis score in both
groups, without any significant difference between the groups.

Conclusion: In this randomized study, the clinical assessments revealed significant improvements in the VAS, FAOS, and ten-
dinosis score as seen on MRI 2 years after intervention with either RFM or PT in patients with midportion Achilles tendinopathy. The
improvement was significantly better in the RFM group with regard to VAS and FAOS, but not in the MRI appearance.

Registration: NCT03274557 (ClinicalTrials.gov identifier).
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Chronic midportion Achilles tendinopathy (AT), a painful
condition with swelling at the affected site and impaired
function, is a common overuse injury in sports involving
running and jumping. The incidence of AT in top-level run-
ners is estimated to be 7% to 9%.27,33 In recreational run-
ners, the lifetime incidence has been reported to be
approximately 52%17; however, 30% of patients have a sed-
entary lifestyle.39 AT is a nonrupture injury with a multi-
factorial cause.23 The pathophysiology is mainly unknown,
but the tissue changes seen in histological specimens con-
firm degenerative changes known as tendinosis.5 Sensory
nerve ingrowth has been observed as a reaction to

repetitive loading of the tendon, and with this nerve
ingrowth, an increase in the levels of glutamate, calcitonin
gene–related peptides, and other substances is also
seen.18,32 It is argued that neovascularization accompanied
by sensory neonerves is the pain source.14 This vasculo-
neuronal ingrowth causes an increase in pain signaling
by producing nociceptive substances such as substance P
and the aforementioned glutamate and calcitonin gene–
related peptides.3

Recently, there has been some controversy about the
optimal treatment of chronic midportion AT. There are sev-
eral methods for the treatment of AT, but no particular one
is recognized as being superior. In a randomized study,
Dedes et al11 found that extracorporeal shockwave therapy
(ESWT) was an effective method for treating various tendi-
nopathies in the plantar fascia, elbow, Achilles tendon, and
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rotator cuff at a 4-week follow-up. In 90 of 101 patients with
AT, Fahlström et al13 found a significant difference in
visual analog scale (VAS) pain scores before and after treat-
ment using eccentric calf-muscle training for 12 weeks.
This is in line with Roos et al,28 who found significant pain
reduction after eccentric training in the same type of
patients. Sayana and Maffulli31 studied the effects of phys-
ical therapy (PT) with eccentric exercises in sedentary, non-
athletic patients; interestingly, they found that 44% of the
34 patients with a clinical diagnosis of AT did not improve
with the eccentric exercise regimen.

In a randomized controlled trial (RCT), Alfredson and
Ohberg3 compared injection with either a sclerosing sub-
stance or local anesthesia. At 6 months after injection with
the sclerosing substance, 8 of 10 tendons were pain-free and
without neovascularization as confirmed by ultrasonogra-
phy. The same improvement was not found in the local
anesthesia group. Lind et al,19 using the same sclerosing
method, found that at 2 years there was a significant reduc-
tion in VAS and midportion Achilles tendon thickness as
seen on ultrasonography.

In general, nonsurgical treatment is not successful in
24% to 44.5% of patients with AT, and surgical treatment
is recommended in these patients.2,27 A systematic review7

studying the surgical treatment of midportion AT revealed
a large variation in surgical techniques. However, each
technique consisted of release of the tendon (via adhesioly-
sis or release or excision of the paratenon), debridement of
degenerative tissue, longitudinal tenotomies, or a combina-
tion of these. Minimally invasive and endoscopic proce-
dures were found to yield lower complication rates and
equivalent patient satisfaction rates when compared with
open procedures. None of the included studies compared
surgical treatment with nonsurgical treatment or placebo
intervention.7

Bipolar radiofrequency microtenotomy (RFM) is thought
to incite a healing response mediated by growth factors36

and an early inflammatory response with new vessel for-
mation.35 Takahashi et al34 have suggested that radiofre-
quency (RF) induces acute degeneration and/or ablation of
sensory nerve fibers, which might explain the early pain
relief after RFM for patients with tendinopathy. Bipolar
RFM has shown promising results in treating tendinosis
of the lateral epicondyle,24 plantar fascia, patellar and
Achilles tendons,6,21 and shoulder tendons.1,37 In a nonran-
domized study using RFM, Arnal-Burro et al6 treated 17
Achilles tendons in 13 patients who were active runners

and obtained a 94% improvement in symptoms and a
return to previous performance in 70% of cases at the 12-
month follow-up. In a retrospective study, Yeap et al40 trea-
ted tendinosis in the Achilles, tibialis, and peroneal tendons
using RF coblation and found a significant reduction in
pain and a significant improvement in function 3 months
after surgery.

The aim of the present study was to investigate and com-
pare the clinical and radiological outcomes in patients with
chronic midportion AT after treatment with either RFM or
PT in an RCT. The hypothesis was that RFM is equivalent
or superior to PT for the treatment of patients with AT.

METHODS

Study Design

The study was approved by an ethics committee, and all the
participants signed informed consent forms before inclu-
sion. The participants in the study were recruited between
June 2016 and May 2018 from the University Hospital of
North Norway, the largest hospital in northern Norway.
Initially, 47 patients were enrolled in the study. The inclu-
sion criteria were pain in the Achilles tendon with a dura-
tion of at least 6 months, impaired daily and sports
activities, and evidence of tendinosis in the midportion of
the Achilles tendon on magnetic resonance imaging (MRI).
Patients with previous surgery to the Achilles tendon or
severe active organic diseases were excluded. The study
was registered at ClinicalTrials.gov (identifier NCT
03274557).

The patients were randomized into 2 groups where they
received either RFM or PT, as illustrated in Figure 1. The
randomization was administered by the clinical research
department at our institution. After the patients signed the
consent statement, the senior author (K.M.) called the
research department and gave the first 2 letters of the first
name and first 2 letters of the surname for anonymous
registration of the patients. The randomization was per-
formed using the Microsoft Access program with the Rnd
function. Block randomization was used, with a block size
varying randomly between 4 and 6.

Four patients in the RFM group declined surgery, while
5 patients allocated to the PT group withdrew from the
study and underwent surgery elsewhere (Figure 1). As a
result, a total of 38 patients, 21 men and 17 women, with
tendinosis in the midportion of the Achilles tendon were
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followed up for a minimum of 2 years. The right side was
affected in 14 patients and the left in 24 patients.

All patients had previously been given nonsteroidal anti-
inflammatory drugs (NSAIDs) with a short-term effect. No
patient had previously been given injections of corticoste-
roids around the Achilles tendon. All patients had under-
gone training programs recommended by a physical
therapist without supervision.

Treatment Procedures

RFM treatment. All procedures were carried out on an
outpatient basis, and all were performed by the same sur-
geon (K.M.). The patient was placed in a prone position
under local anesthesia and sedation. An incision about
4 cm in length was made slightly medially over the midpor-
tion of the affected Achilles tendon to expose the involved
part of the tendon. If tenosynovitis was present, it was de-
brided. The paratenon was incised. A Topaz electrode
(ArthroCare) connected to a sterile isotonic saline flow sys-
tem was used for the microtenotomy. RF apparatus pro-
vided the energy through the electrode. The ArthroCare
recommendations for use of the device were followed during
the procedure. The electrode was placed on the tendon per-
pendicular to its surface. Next, RF was applied to the ten-
don in a grid-like pattern, where each stimulated spot was
placed 5 mm away from the adjacent spot. Four to 6 light
touches were first applied, followed by penetration of the
whole depth of the tendon to perform the actual micro-
neuroablation. The activation time for the electrode is fixed
by the manufacturer at 0.5 seconds. The affected tendon
usually required 12 to 20 microablations (Figure 2). The
method has previously been described by Meknas et al.24

Postoperative rehabilitation. The postoperative rehabil-
itation protocol included the use of crutches for 2 weeks
with a limited weight load. Active-assisted range of motion
exercises within the patient’s tolerance were initiated on
the first postoperative day. The activity was gradually
increased for the next 6 weeks, as tolerated by each
patient. Return to sports was permitted by protocol after
3 months.

Figure 2. (A) Intraoperative photograph showing the Achilles tendon during microablation using a Topaz microdebrider. (B)
Appearance of the tendon after the microtenotomy procedure.

Allocated to radiofrequency microtenotomy
(n = 24)

• Received interven�on (n = 20)
• Declined surgery (n = 4)

Lost to follow-up (n = 0)

Analyzed (n = 20)
• Excluded from analysis (n = 0)
• Refused 2-year MRI (n = 3)

Assessed for eligibility (n = 55)

Excluded:
• Previous surgery or comorbidi�es with 

contraindica�on for surgery (n = 8)

Allocated to physical therapy (n = 23)
• Received interven�on (n = 18)
• Withdrew from the study and underwent 

surgery elsewhere (n = 5)

Allocation

Lost to follow-up (n = 0)

Follow-up

Enrollment

Randomized (n = 47)

Analyzed (n = 18)
• Excluded from analysis (n = 0)
• Refused 2-year MRI (n = 1)

Analysis

Figure 1. Flowchart showing the inclusion process in the
study. MRI, magnetic resonance imaging.
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PT treatment. Patients in the PT treatment group
received an eccentric exercise program that was per-
formed every day for 12 weeks. The training protocol used
in this study was the eccentric calf-muscle training proto-
col used in a study by Alfredson et al4 in 1998. Before
initiating treatment, all patients were informed about the
intervention and instructed by a physical therapist. In
addition, they were given a written manual on how to
perform the training and how to progress. Strength exer-
cises were performed twice a day and consisted of 2 eccen-
tric exercises for the ankle plantarflexion muscle group.
Each exercise was performed in 3 sets of 15 repetitions. To
achieve maximum stretch on the Achilles tendon, the exer-
cises had to be performed standing with the forefoot on the
nosing of a stair tread or at the edge of a box to enable the
heel to be lowered into a position below that of the forefoot
(Figure 3).

The patients were instructed to tolerate some degree of
pain during and shortly after training but to avoid loads
causing long-standing pain. To begin with, only the body
weight was used, alternatively with additional hand sup-
port if this was too painful. When the pain during and after
training was minimal, the load was increased by wearing a
backpack weighing 5 kg. As further progress was made, an
increase in the backpack load was made. Patients were
instructed to avoid the use of NSAIDs during the training
period.

The PT sessions were standardized and supervised by
the same physical therapist, and all patients showed good
compliance. However, the proceeding of the treatment
could vary in time because it was based on the pain expe-
rienced by the patients.

Clinical Outcomes

Clinical outcomes were assessed with a physical follow-up
at 6 months (data not published), at 1 year after interven-
tion by an independent observer not involved in the study,
and at 2 years after intervention. Assessments included the
VAS for pain (0-10, where 0 is no pain and 10 maximum
pain) and the Foot and Ankle Outcome Score (FAOS) for the
evaluation of pain, function, quality of life, and other symp-
toms. At the 2-year follow-up, all patients received the same
2 rating scales by post to fill out and return. This completed
their participation in the study. We used the VAS and
FAOS because both are validated as showing acceptable
construct validity, reliability, and responsiveness for foot
and ankle diseases.9,15 The primary variable in the study
was the VAS for pain.

MRI (Avanto 1.5-T, Siemens) of the affected ankle was car-
ried out on all patients before inclusion to rule out concurrent
pathology, such as tumors or osteoarthritis, and to verify the
diagnosis of tendinosis in the midportion of the Achilles ten-
don. At 2-year follow-up, patients underwent MRI assessment
using the same machine. Scanning was done using an ankle
coil, and the following sequences were utilized:

� Sagittal T1 turbo spin echo: field of view (FOV) 180 mm,
3-mm slice thickness, pixel size 0.7 � 0.7, repetition
time (TR) 494 milliseconds (ms), echo time (TE) 8.2 ms

� Sagittal proton-density fat-suppressed (PDFS):
FOV 180 mm, 3-mm slice thickness, pixel size 0.7 �
0.7, TR 2410 ms, TE 35 ms

� Axial PDFS: FOV 160 mm, 3-mm slice thickness, pixel
size 0.6 � 0.6, TR 2410 ms, TE 35 ms

Figure 3. The eccentric exercises in the training program for the ankle plantarflexion muscle group were performed as illustrated:
(A) standing on the forefoot with the ankle in plantarflexion and (B) lowering the heel into a position below the forefoot, thus
accomplishing an eccentric load on the calf muscles.
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In total, 34 patients, 17 in each group, underwent MRI
examination at the 2-year assessment. The MRI scans were
evaluated on both occasions for the presence of tendinosis,
rupture, and edema by a blinded radiologist with special
interest in musculoskeletal pathology, according to the fol-
lowing scale: 0 ¼ no tendinosis, 1 ¼ minor tendinosis,
2 ¼ moderate tendinosis, and 3 ¼ severe tendinosis. The
same scale was used to evaluate edema and rupture. All
partial ruptures were classified as intra-tendinous grade
3 tendinosis.

Statistical Analysis

Statistical analyses were carried out using SPSS version 26
(IBM Corp). The data are reported as mean values with
standard deviations. The unpaired t test (independent t
test) was used to compare the groups, and the paired t test
was used to compare the preintervention and the 2-year
follow-up within the study groups. The chi-square test was
used for a comparison of dichotomous variables. A P value
<.05 was considered statistically significant.

In the power analyses, the VAS was the primary variable
of the study. A difference of 2 units at 2 years was consid-
ered a clinically important difference.16 If the standard
deviation of the variable was 2 units as well, 17 patients
would be needed in each group to reach a power of 80%. To
increase the power of the study and to tolerate dropouts,
the aim was to include 20 patients in each group.

RESULTS

A total of 38 patients were followed up in the study for a
minimum of 2 years. Seventeen patients (45%) were active
in their spare time; 5 were soccer players, 4 were runners,
and 8 performed different kinds of recreational sports activ-
ity. The characteristics of the patients are presented in
Table 1. No significant differences were found regarding
age, sex, or duration of symptoms between the RFM and
PT groups before intervention (Table 1).

The mean VAS was 7.2 for the RFM group and 5.9 for
the PT group before intervention (P < .01). At the 1- and
2-year follow-ups, both groups had achieved a significant
improvement in VAS compared with before intervention
(Table 2). The RFM group had a significantly lower (ie,
better) mean VAS than the PT group at both 1- and
2-year follow-ups.

There was no significant difference in the FAOS between
the RFM and PT groups before intervention. The within-
group comparison of the FAOS at the 1- and 2-year follow-
ups revealed a significant improvement in the RFM group
for all FAOS variables. The corresponding finding was seen
only for “symptoms” at 2 years in the PT group (Table 3). At
2 years, a significant difference in FAOS in favor of the
RFM group was seen between groups for all variables
except sports.

MRI evaluation revealed a significant improvement in
tendinosis and edema in the RFM group but not in the PT
group. However, no significant difference between the
groups could be found, as presented in Table 4. Changes
in the occurrence of tendinosis and edema in patients from
the RFM and PT groups can be seen on the MRI scans in
Figures 4 and 5, respectively.

One patient in the RFM group suffered a postoperative
deep vein thrombosis, but no other complications were
registered.

DISCUSSION

The most important finding in this study of patients with
AT was that at 2 years, there was a significant improve-
ment in the VAS in both the PT and RFM groups. However,
there were significantly better results seen in the RFM
group compared with the PT group in both the VAS and
FAOS.

As mentioned, Dedes et al11 reported short-term results
of ESWT. They found that the method was effective for
treating various tendinopathies, including AT, at 4 weeks
of follow-up. In another study, Rompe et al26 found that
eccentric loading alone was less effective than a combina-
tion of eccentric training and repetitive low-energy shock-
wave treatment at the 4-month follow-up.

Several studies have investigated platelet-rich plasma
(PRP) as a method for treating AT. Among others, de
Jonge et al10 compared PRP with placebo in combination
with an eccentric training program. They observed no
clinical or ultrasonographic superiority of one treatment
over the other after 1 year of follow-up. In another
study,30 60-year-old patients were compared with young
and middle-aged patients with AT after treatment with
ultrasound-guided PRP injections once a week for

TABLE 1
Characteristics of Patients in the Study Groupsa

Characteristic RFM Group PT Group P Value

Age, y 47.8 ± 7.8 43.2 ± 9.8 .118
Sex, male/female 12/8 9/9 .549
Pain duration, y 2.5 ± 2.3 2.4 ± 1.3 .844
Follow-up time, mo 25.9 ± 3.3 25.2 ± 1.5 .47

aData are presented as mean ± SD or No. of patients. PT, phys-
ical therapy; RFM, radiofrequency microtenotomy.

TABLE 2
VAS Pain Scores Between and Within Study Groups

Until the 2-Year Follow-upa

VAS Score RFM Group PT Group P Value

Before intervention 7.2 ± 1.5 5.9 ± 1.3 .004
At 1 y 1.1 ± 1.7 3.3 ± 1.6 .0002
At 2 y 1.0 ± 1.4 3.1 ± 1.8 .0002
P value (preintervention vs 2 y) <.01 <.01

aData are presented as mean ± SD. Bolded P values indicate a
statistically significant difference between the variables compared
(P < .05). PT, physical therapy; RFM, radiofrequency microtenot-
omy; VAS, visual analog scale.
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3 weeks. The authors found that PRP treatment pro-
duced satisfactory results in young patients with recal-
citrant noninsertional AT, reducing pain and improving
function, but was less effective in older patients.30 In a
systematic review, Madhi et al22 suggested promising
results from the use of PRP, but they argued that there
was a need for more RCTs to produce better, more accu-
rate results. This is in line with the findings of Di Matteo
et al,12 who reported a paucity of high-level literature
on the application of PRP in the management of tendi-
nopathy for both the patellar and Achilles tendons. In an
RCT, Usuelli et al38 found that the use of intratendinous,

adipose-derived stromal vascular fraction was superior
to PRP for the treatment of AT.

Various surgical procedures have been described in the
literature, without any evidence to show that one is supe-
rior. Ultrasound- and color Doppler–guided tendon scrap-
ing and plantaris tendon removal in patients with chronic
painful midportion AT showed good clinical outcomes and
high satisfaction rates after 5.8 years of follow-up in a
recently published study.29 These findings are in line with
those of Calder et al,8 who found pain reduction and FAOS
improvement in 16 patients with AT after plantaris tendon
excision. The endoscopic treatment of AT was advocated by
Monteagudo et al,25 who underlined the importance of an
appropriate indication and stated that there is still a need
for studies with a higher level of evidence.

In a systemic review, Baltes et al7 argued that minimally
invasive and endoscopic procedures have lower complica-
tion rates with similar patient satisfaction in comparison
with open procedures. However, because of the low meth-
odological quality of the included studies in combination
with large heterogeneities in the studied population, the
techniques used, and the outcome measurements reported,
they refrained from data pooling or recommendations.7

Using RF coblation, Yeap et al40 operated on 15 patients
for chronic tendinosis of the Achilles, posterior tibial, and
peroneal tendons. They achieved good short-term outcomes
and pain relief with this method at 6 months of follow-up.
The underlying mechanism to explain the effect of RF inter-
ventions is that the thermal energy applied to the diseased
tendon destroys the newly formed blood vessels together
with the sensory nerves that accompany them.20 Arnal-
Burro et al6 conducted a retrospective case series consisting
of 17 Achilles tendon surgical procedures using RFM in 13
patients who were habitual runners with noninsertional
AT. The authors found an improvement in 94% of symp-
toms and a return to the previous activity in 70% of the

TABLE 4
MRI Evaluation of the Achilles Tendon Before Intervention

and After 2 Yearsa

MRI Evaluationb RFM Group PT Group P Value

Tendinosis
Before intervention 1.6 ± 0.8 1.3 ± 0.9 .22
At 2 y 1.0 ± 0.8 1.2 ± 0.8 .32
P value .017 .77

Intratendinous rupture
Before intervention 0.4 ± 0.5 0.1 ± 0.2 .014
At 2 y 0.2 ± 0.4 0.1 ± 0.3 .64
P value .33 .33

Edema
Before intervention 1.6 ± 0.7 1.1 ± 0.89 .054
At 2 y 0.8 ± 0.6 1.1 ± 0.97 .29
P value .004 >.99

aData are presented as mean ± SD. Bolded P values indicate
a statistically significant difference between the variables
compared (P < .05). PT, physical therapy; RFM, radiofrequency
microtenotomy.

bMagnetic resonance imaging (MRI) grading: 0 ¼ no changes,
1 ¼ minor changes, 2 ¼ moderate changes, 3 ¼ severe changes.

TABLE 3
FAOS Between and Within Study Groupsa

RFM Group PT Group
P Value Between

Groups

FAOS
Before

Intervention At 1 y At 2 y P Value
Before

Intervention At 1 y At 2 y P Value
Before

Intervention At 2 y

Symptoms 55.8 ± 20.0 82.6 ± 14.9 89.0 ± 13.9 < .0001b

< .0001c
49.4 ± 18.0 61.8 ± 20.8 71.0 ± 20.8 .068b

.0020c
.31 .0032

Pain 59.1 ± 19.1 82.2 ± 23.4 90.7 ± 1.7 .0011b

< .0001c
62.0 ± 18.9 74.7 ± 20.0 73.0 ± 19.5 .16b

.25c
.632 .0015

ADL 71.8 ± 18.1 90.2 ± 14.5 93.9 ± 9.3 .0008b

< .0001c
71.9 ± 16.0 80.6 ± 15.3 80.5 ± 15.6 .27b

.27c
.98 .0026

Sport 43.9 ± 26.7 79.5 ± 25.9 78.9 ± 26.4 .0003b

.0002c
50.2 ± 22.7 66.6 ± 31.5 60.9 ± 30.2 .23b

.53c
.44 .057

Quality of life 38.0 ± 19.0 75.1 ± 22.3 81.5 ± 20.9 < .0001b

< .0001c
42.8 ± 17.8 51.1 ± 27.3 53.2 ± 33.5 .65b

.51c
.434 .0032

aData are presented as mean ± SD. Bolded P values indicate a statistically significant difference between the variables compared (P< .05).
ADL, activities of living; FAOS, Foot and Ankle Outcome Score; PT, physical therapy; RFM, radiofrequency microtenotomy.

bBefore intervention versus 1-year follow-up.
cBefore intervention versus 2-year follow-up.
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cases at the 12-month follow-up. This finding is in line with
the results of the present study.

In the present randomized study, the treatment options
were not mixed, and one group received only PT while the
other group received RFM, making the results more coher-
ent. The clinical relevance of the present study is that
RFM is a simple, safe, and effective method for treating
AT. Our results indicate that although significant
improvements were seen with both treatment options,
RFM is better than PT for treating midportion AT, and
the hypothesis of the study was thus confirmed. We sug-
gest that before considering surgery, patients should
undergo supervised PT for at least 6 months. If PT does

not yield adequate improvement, treatment with RFM
should be considered.

The strengths of this study include the study design, as
the RCT is acknowledged as the preferred design for testing
treatment options. Upon randomization, there were mostly
no significant differences between the RFM and PT groups
except for a significantly higher (ie, worse) VAS in the RFM
group before intervention. Another strength was that no
patients were lost to follow-up. A few patients refused to
undergo MRI at the 2-year examination, but they partici-
pated in the final scoring evaluation. The fact that the
follow-up was made by an independent, blinded observer
is an additional strength.

Figure 4. Magnetic resonance imaging scans obtained in a 38-year-old male patient in the radiofrequency microtenotomy group
(A) before the operation and (B) 2 years after the operation, showing reduced tendinosis from grade 2 to 1 and reduced edema from
grade 2 to 0.

Figure 5. Magnetic resonance imaging scans obtained in a 39-year-old female patient in the physical therapy group (A) before
intervention and (B) at the 2-year follow-up, showing increased tendinosis and edema from grade 2 to 3.
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The limitations of the study include the relatively small
number of participants and the possibility that it was
underpowered despite an appropriate power analysis. A
further weakness is that the MRI evaluation that was used
lacked a second reviewer evaluation and had not undergone
a test-retest procedure. In addition, the significant differ-
ence in VAS scores and MRI findings before treatment are
other limitations that could introduce bias to the study. A
better description on how the patients were able to increase
their load during training would also have been useful. For
future studies, a longer follow-up time and a larger cohort
are recommended.

CONCLUSION

In this prospective randomized study, the clinical assess-
ments revealed significant improvements in the VAS,
FAOS, and tendinosis scores as seen on MRI 2 years after
intervention with both RFM and PT in patients with mid-
portion AT. The improvement was significantly better in
the RFM group with regard to VAS and FAOS but not in
the MRI appearance.

REFERENCES

1. Al-Ani Z, Jacobsen EW, Kartus JT, Knutsen G, Meknas K. Radiofre-

quency microtenotomy: a promising method for treatment of rotator

cuff tendinopathy. Knee Surg Sports Traumatol Arthrosc. 2019;27(12):

3856-3863. doi:10.1007/s00167-019-05689-8

2. Alfredson H, Lorentzon R. Chronic Achilles tendinosis: recommenda-

tions for treatment and prevention. Sports Med. 2000;29(2):135-146.

doi:10.2165/00007256-200029020-00005

3. Alfredson H, Ohberg L. Sclerosing injections to areas of neo-

vascularisation reduce pain in chronic Achilles tendinopathy: a

double-blind randomised controlled trial. Knee Surg Sports Traumatol

Arthrosc. 2005;13(4):338-344. doi:10.1007/s00167-004-0585-6

4. Alfredson H, Pietilä T, Jonsson P, Lorentzon R. Heavy-load eccen-

tric calf muscle training for the treatment of chronic Achilles tendi-

nosis. Am J Sports Med. 1998;26(3):360-366. doi:10.1177/

03635465980260030301

5. Andersson G, Forsgren S, Scott A, et al. Tenocyte hypercellularity and

vascular proliferation in a rabbit model of tendinopathy: contralateral

effects suggest the involvement of central neuronal mechanisms. Br J

Sports Med. 2011;45(5):399-406. doi:10.1136/bjsm.2009.068122

6. Arnal-Burro J, Lopez-Capape D, Igualada-Blazquez C, Ortiz-Espada

A, Martin-Garcia A.Surgical treatment of chronic non-insertional

Achilles tendinopathy in runners using bipolar radiofrequency. Article

in Spanish. Rev Esp Cir Ortop Traumatol. 2016;60(2):125-132.

doi:10.1016/j.recot.2015.10.003

7. Baltes TPA, Zwiers R, Wiegerinck JI, van Dijk CN. Surgical treatment

for midportion Achilles tendinopathy: a systematic review. Knee Surg

Sports Traumatol Arthrosc. 2017;25(6):1817-1838. doi:10.1007/

s00167-016-4062-9

8. Calder JD, Stephen JM, van Dijk CN. Plantaris excision reduces pain

in midportion Achilles tendinopathy even in the absence of plantaris

tendinosis. Orthop J Sports Med. 2016;4(12):2325967116673978.

doi:10.1177/2325967116673978

9. Chen L, Lyman S, Do H, et al. Validation of Foot and Ankle Outcome

Score for hallux valgus. Foot Ankle Int. 2012;33(12):1145-1155. doi:

10.3113/FAI.2012.1145

10. de Jonge S, de Vos RJ, Weir A, et al. One-year follow-up of platelet-

rich plasma treatment in chronic Achilles tendinopathy: a double-

blind randomized placebo-controlled trial. Am J Sports Med. 2011;

39(8):1623-1629. doi:10.1177/0363546511404877

11. Dedes V, Stergioulas A, Kipreos G, Dede AM, Mitseas A, Panoutso-

poulos GI. Effectiveness and safety of shockwave therapy in tendi-

nopathies. Materia Sociomed. 2018;30(2):131-146. doi:10.5455/

msm.2018.30.141-146

12. Di Matteo B, Filardo G, Kon E, Marcacci M. Platelet-rich plasma:

evidence for the treatment of patellar and Achilles tendinopathy—a

systematic review. Musculoskelet Surg. 2014;99(1):1-9. doi:10.1007/

s12306-014-0340-1

13. Fahlström M, Jonsson P, Lorentzon R, Alfredson H. Chronic Achilles

tendon pain treated with eccentric calf-muscle training. Knee Surg

Sports Traumatol Arthrosc. 2003;11(5):327-333. doi:10.1007/

s00167-003-0418-z

14. Forsgren S, Danielson P, Alfredson H. Vascular NK-1 receptor occur-

rence in normal and chronic painful Achilles and patellar tendons:

studies on chemically unfixed as well as fixed specimens. Regul Pept.

2005;126(3):173-181. doi:10.1016/j.regpep.2004.09.008

15. Gur G, Turgut E, Dilek B, Baltaci G, Bek N, Yakut Y. Validity and

reliability of visual analog scale foot and ankle: the Turkish version.

J Foot Ankle Surg. 2017;56(6):1213-1217. doi:10.1053/j.jfas.2017.06.

001

16. Kelly AM. The minimum clinically significant difference in visual ana-

logue scale pain score does not differ with severity of pain. Emerg

Med J. 2001;18(3):205-207. doi:10.1136/emj.18.3.205

17. Knapik JJ, Pope R. Achilles tendinopathy: pathophysiology, epidemi-

ology, diagnosis, treatment, prevention, and screening. J Spec Oper

Med. 2020;20(1):125-140.

18. Lian Ø, Dahl J, Ackermann PW, Frihagen F, Engebretsen L, Bahr R.

Pronociceptive and antinociceptive neuromediators in patellar tendi-

nopathy. Am J Sports Med. 2006;34(11):1801-1808. doi:10.1177/

0363546506289169

19. Lind B, Ohberg L, Alfredson H. Sclerosing polidocanol injections in

mid-portion Achilles tendinosis: remaining good clinical results and

decreased tendon thickness at 2-year follow-up. Knee Surg Sports

Traumatol Arthrosc. 2006;14(12):1327-1332. doi:10.1007/s00167-

006-0161-3

20. Lopez RG, Jung HG. Achilles tendinosis: treatment options. Clin

Orthop Surg. 2015;7(1):1-7. doi:10.4055/cios.2015.7.1.1

21. Lucas DE, Ekroth SR, Hyer CF. Intermediate-term results of partial

plantar fascia release with microtenotomy using bipolar radiofre-

quency microtenotomy. J Foot Ankle Surg. 2015;54(2):179-182.

doi:10.1053/j.jfas.2014.12.015

22. Madhi MI, Yausep OE, Khamdan K, Trigkilidas D. The use of PRP in

treatment of Achilles tendinopathy: a systematic review of literature.

Study design: systematic review of literature. Ann Med Surg (Lond).

2020;55:320-326. doi:10.1016/j.amsu.2020.04.042

23. Magnan B, Bondi M, Pierantoni S, Samaila E. The pathogenesis of

Achilles tendinopathy: a systematic review. Foot Ankle Surg. 2014;

20(3):154-159. doi:10.1016/j.fas.2014.02.010

24. Meknas K, Odden-Miland A, Mercer JB, Castillejo M, Johansen O.

Radiofrequency microtenotomy: a promising method for treatment of

recalcitrant lateral epicondylitis. Am J Sports Med. 2008;36(10):

1960-1965. doi:10.1177/0363546508318045

25. Monteagudo M, Maceira E, Martinez de Albornoz P. Foot and ankle

tendoscopies: current concepts review. EFORT Open Rev. 2016;

1(12):440-447. doi:10.1302/2058-5241.160028

26. Rompe JD, Furia J, Maffulli N. Eccentric loading versus eccentric

loading plus shock-wave treatment for midportion Achilles tendi-

nopathy: a randomized controlled trial. Am J Sports Med. 2009;

37(3):463-470. doi:10.1177/0363546508326983

27. Rompe JD, Furia JP, Maffulli N. Mid-portion Achilles tendinopathy—

current options for treatment. Disabil Rehabil. 2008;30(20-22):

1666-1676. doi:10.1080/09638280701785825

28. Roos EM, Engström M, Lagerquist A, Söderberg B. Clinical improve-
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