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Abstract: Although consensus has been reached about the use of therapeutic exercise in patellofemoral
pain syndrome, several techniques used worldwide such as radiofrequency diathermy could be useful
as complementary therapy. The objective of this randomized controlled trial was to compare the
effects of adding radiofrequency diathermy to therapeutic exercises in patients with patellofemoral
pain syndrome. Fifty-six participants were randomly assigned either to radiofrequency diathermy
plus therapeutic exercises group (n = 29) or therapeutic exercises group (n = 27). Both groups received
the same therapeutic exercises, and the diathermy group additionally received monopolar dielectric
diathermy for three weeks (5–3–2 weekly sessions). Data related to intensity of pain, probability
of neuropathic pain, functionality, and range of movement of the knee were measured at baseline
and three weeks after the intervention. Comparing pre-treatment and values obtained at the third
week, significant improvements were found in intensity of pain, neuropathic pain, functionality, and
range of motion in both groups (p < 0.05). The diathermy plus exercises group had significantly
better intensity of pain than the control group at the end of the three weeks (p < 0.01). The addi-
tion of diathermy by emission of radiofrequency to the therapeutic knee exercise protocol is more
effective than a therapeutic exercise protocol alone in the relief of intensity of pain in patients with
patellofemoral pain in the immediate post-treatment follow-up compared with baseline scores.

Keywords: diathermy; functionality; patellofemoral pain syndrome; pain; radiofrequency

1. Introduction

Patellofemoral pain syndrome is a very common musculoskeletal dysfunction, char-
acterized by pain in the anterior surface of the knee that often tends to chronicity [1].
Although it affects all population groups, a higher incidence has been observed in ado-
lescents and young adults [2]. Pain while walking upstairs and downstairs, squatting,
running, or sitting for a long time is referred to by most patients with patellofemoral pain
syndrome [1,3]. Even though it has traditionally been associated with cartilage damage,
knee osteoarthritis and elevated body mass index, researchers have shown no relation with
these aspects [4,5]. According to some authors, the compression forces implicated in these
activities could explain these symptoms [6]; however, some other authors’ views differ,
pointing to unknown causes for patellofemoral pain [7]. A wide variety of pathologies can
present similar signs and symptoms as patellofemoral pain syndrome, and for this reason,
the term is used to describe any pain in the anterior surface of the knee [8]. Patellofemoral
pain syndrome could precede patellofemoral osteoarthritis, a condition that may require
surgical treatment and total knee replacement [9,10].
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Non-surgery-based treatments are frequent, outshining physiotherapy as the most
common approach [3,11]. The physiotherapy treatments include quadriceps strengthen-
ing to improve the active stability of the patella in the femoral trochlea, strengthening
of the hip muscles, manual therapy, taping for patellar realignment, stretching, and ther-
apeutic exercises [3,11–16]. Even though these treatments seem to produce benefits in
patellofemoral pain syndrome, there is no evidence that one treatment modality is better
than another intervention for any subgroup of patients [11,14]. Only therapeutic exercises
have consistent evidence to support their recommendation [11,15,16]. Clinical guidelines
also advise against the use of physical agents, including in this sense ultrasound, cryother-
apy, sonophoresis, electrical stimulation, and laser [11]. However, no studies about the
use of radiofrequency diathermy based on capacitive-dielectric energy transmission were
considered due to the lack of them.

Monopolar dielectric diathermy by emission of radiofrequency (MDR) is an endoge-
nous thermotherapy, which consists in the emission of high frequency electromagnetic
signals via an isolated electrode that transfers energy to soft tissues containing electrolytes:
muscles, vascular, or lymphatic tissues [17]. This modality has a documented capacity to in-
crease the local temperature of a tissue in order to stimulate its metabolism and reduce pain
by a control gate mechanism [18,19]. Furthermore, some radiofrequency-based diathermy
techniques have demonstrated to have more effects on intramuscular blood flow, tissue
metabolism, pain and inflammation, muscle spasms, cell activity, and elasticity [17–20],
than other physical agents, such as pulsed shortwave therapy [19].

Although other diathermy methods have documented its capacity to reduce pain in
patients with numerous degenerative and inflammatory orthopedic problems, such as in
low back pain or in shoulder impingement syndrome [21,22], evidence about the use of
monopolar dielectric diathermy in knee pain is scarce [23–25]. Considering therapeutic
knee and hip exercises as the most consistent approach for treating patellofemoral pain
syndrome [3,11], and the hypothesis that this technique could promote pain and functional
recovery, the purpose of this study was to compare the effectiveness of adding MDR to
a therapeutic exercise protocol versus a therapeutic exercise protocol in the intensity of
pain, probability of neuropathic pain, functionality, and range of movement of patients
with patellofemoral pain syndrome.

2. Materials and Methods
2.1. Study Design

A prospective single-blind randomized controlled clinical trial was conducted, in
which the researcher in charge of collecting the data from patients remained blind to the
treatment applied to each participant. The trial was properly registered at ClinicalTrials.gov
identifier NCT04538508. The investigation protocol was designed following the Helsinki
Declaration and the Good Clinical Practice guidelines, according to CONSORT Standards
and considering all the clinical regulations for research in humans. In this regard, all
participants were appropriately informed about the study and their rights before signing
the informed consent form accepting to participate. The research protocol was approved
by the Ethics Committee of Virgen de la Macarena Hospital, Seville (CEI 1696-N-17).

2.2. Participants

A total of 120 participants were initially recruited for the study, who were between
18 and 65 years of age, diagnosed with patellofemoral pain syndrome, and who were
not currently undergoing any type of treatment. To be eligible, patients had to meet the
following inclusion criteria: (1) patients between 18 and 65 years of age; (2) referred pain in
the anterior surface of the knee of 30 mm or over in the Visual Analogue Scale (VAS) during
the previous three months; (3) without radiological findings compatible with osteoarthritis;
(4) without sensitivity to patellar tendon or iliotibial band palpation; (5) scoring below 45
in the psychological apprehension scale (PPAS) [25]; (6) not having previously received
radiofrequency diathermy treatment. The PPAS is a validated tool, reliable, and easy to
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use in evaluating the apprehension of the participants to receive electrical stimulation
therapy [25]. The exclusion criteria included were (1) any contraindication for the use of
diathermy by the emission of radiofrequency (tumours, use of implanted electronic devices
as pacemakers, thrombophlebitis or deep venous thrombosis, pregnancy, active process of
tuberculosis, fever, infected wounds, osteomyelitis, and rheumatoid arthritis) [17,26–28];
(2) having received a corticoid or hyaluronic acid injections treatment; (3) having reduced
cognition or communication abilities; (4) or being currently involved in a medical-legal
dispute. The use of basic analgesic drugs was allowed in order to avoid introducing
significant changes in their treatment, but it was recorded to control possible changes that
could influence in the final results.

Sample size calculation was based on the detection of (1) an improvement of 15%
in self-perceived pain intensity [29]; (2) a difference of >9 points in Lower Extremity
Functionality Score at inter-group comparison after the treatment [30]; and >10 points
in the Kujala Score. Considering a one-tail hypothesis, an alpha value of 0.05, a desired
power of 95%, and a medium effect size (r2 = 0.25), and a 10% drop-out at follow-up, the
desired sample size was calculated to be 30 participants per group (G* Power, version
3.1.9.2, Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany).

2.3. Outcomes Measures

All 60 participants provided demographic and clinical information, and also completed
a number of self-report measures and underwent a physical examination, performed by
an assessor blinded to the treatment allocation of the patients. Outcome measures were
assessed before the first treatment session (baseline data), and immediately after treatment
(at the third week) (Figure 1). Demographic measurements of weight, body mass index,
metabolic age, and fat mass were performed with a Body Composition Analyser DC 430MA
(III) device Japanese Technology (Tanita Europe B.V., Amsterdam, The Netherlands) [31].

The Visual Analogue Scale (VAS) was used to assess the patients’ current level of pain
and the highest and lowest level of pain experienced in the preceding 24 h. A score of 00
would mean “no pain” and 10 “extreme and insufferable pain” [32]. The minimal clinically
important differences (MCID) for VAS were determined as a variation of 15–20% [33] or a
reduction of 2 in VAS after the intervention [34].

The Douleur Neuropathique-4 items (DN4) questionnaire, consisting of 10 items [34,35],
was used to identify patients who had a high probability of having a neuropathic pain
component. The scores of the individual items are added to obtain a maximum total score
of 10, with a cut-off point ≥4.

The patient-reported measures of lower limb functional status were the Kujala Func-
tion Score and lower extremity functionality score. The Kujala Function Score is a 13-item
self-administered questionnaire that regards symptomatology in people with patellofemoral
pain syndrome, with a variable ordinal response format. The total scores range from 0 to
100 [36]. This tool presents a Cronbach’s alpha of 0.8 and test-retest Intraclass Correlation
Coefficient (ICC) of 0.99 for its Spanish version [37]. Lastly, the lower extremity function-
ality score is a questionnaire which contains 20 questions to evaluate the function of the
lower limb in patients who present local disorders [38]. The maximum possible score was
80 points, which indicated very high function, while 0 points indicated very low function.
This questionnaire presents a high internal consistency (Cronbach’s alpha of 0.989) and an
excellent test-retest reliability (ICC = 0.998, 95%) for the Spanish-speakers version [39].

The passive range of motion (ROM) in flexion and extension was measured with a
conventional two-leg goniometer (angular measurement), which has shown high intratester
reliability (ICC = 0.996, range 0.953–0.955 for both flexion and extension) and intertester
(ICC range 0.959–0.970 for flexion and 0.85–0.898 for extension) [39].
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Figure 1. Design and flow of participants through the trial. Abbreviations: VAS = Visual Analogue
Scale [32–34]; DN4 = Douleur Neuropathique-4 items [34,35].

2.4. Interventions

After the initial evaluation, 60 participants (considering a 1:1) with patellofemoral
pain syndrome were randomly assigned to receive either MDR plus therapeutic knee
exercise (experimental group) or therapeutic knee exercise alone (control group). Concealed
allocation was performed using an external website (http://www.randomization.com;
accessed on 6 September 2020) before the start of data collection by a researcher not involved
in the recruitment or treatment of patients. One researcher distributed the randomized
allocation of participants using opaque envelopes, with the participants being unaware of
their selection. Another blinded researcher collected outcome measurements at baseline
and immediately after the last treatment.

All participants received three weeks of the intervention. Diathermy treatment was
performed across three weeks, consisting of ten treatment sessions in total (the first week
comprised five sessions, the second week three sessions, and the third week two sessions),
while therapeutic exercises for the knee were performed daily. Each session of therapeutic
exercises lasted 20 min, and, in the case of the MDR group, another 12 min of diathermy

http://www.randomization.com
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were added before the exercise protocol. Both groups were treated by a physical therapist
with more than 20 years of experience in the interventions.

The details of the interventions are provided below.

2.4.1. MDR plus Therapeutic Exercise

In the MDR plus therapeutic exercise group, the participants received the same exer-
cise protocol than the therapeutic exercise group, but prior to the exercise protocol. The
participants received 12 min of monopolar dielectric diathermy by emission of radiofre-
quency with an ABD Modular® device (Biotronic®, Granada, Spain), in pulsed emissions
of 640 kHz and 30 V in dynamic application, with a continuous rotation and translational
movement on the anterior surface of the knee (Figure 2).
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Five milliliters of almond oil were used to improve gliding along the twelve-minute
application of MDR [17,25]. The use of almond oil as transfer substance was due to the
fact that a dielectric transmission device was used instead of a resistive-capacitive one; this
allows the energy to be focused on depth, minimizing heating tissues on the surface [17].

2.4.2. Therapeutic Exercise

All participants were instructed to perform the exercise protocol for knee stability,
according to the recommendations of Van Der Heijden [16]. Participants performed the
therapeutic exercises over three weeks, under the supervision of a physiotherapist. The
protocol included the following:

1. Squats for concentric strengthening of quadriceps: standing with the affected knee
in the maximum degree of flexion that the subject was able to achieve, the knee was
slowly straightened to its full extension. Series: 3. Repetitions: 20.

2. Squats for eccentric strengthening of quadriceps: standing with the affected knee,
which was slowly flexed to the maximum degree of flexion that the subject was able
to achieve. Series: 3. Repetitions: 20.

3. Side step: consisted in lowering the good leg over the side edge of the step without
touching the ground. Series: 3. Repetitions: 20

4. Bridge exercise for hamstrings: the patient lied supine on a mat, with the knees bent,
the soles of the feet well supported, and the heels at a distance of half a foot from the
gluteus. From this position, the patient had to raise the pelvis towards the ceiling.
Series: 3. Repetitions: 20 s.

5. Clam exercise for gluteus medius: the patient lied on their side with the knees bent
and keeping the feet together. Then, the patient had to raise the knee of the top leg,
opening the legs up so that the legs made the shape of a clam. Series: 3. Repetitions:
20 s.

6. Soleus Stretch Standing: standing with the affected leg back, both knees bent, keeping
the heels on the floor, turned slightly out, leaning the body towards the wall until the
stretch was felt in the lower calf. Series: 3. Repetitions: 1 min.

7. Gastrocnemius Stretch Standing: same as the previous stretch but with the affected
knee extended. Series: 3. Repetitions: 1 min.

The exercises were performed during approximately 20 min according to the patients’
possibilities, not exceeding 3 of pain in VAS and including one minute of rest among each
series. Those patients who reported a pain sensation of 3 or greater reduced the number of
repetitions and increased the rest time, thus reducing the level of resistance requested. The
progression was performed according to the patient’s sensations.

2.5. Statistical Analysis

An assessor blinded to the treatment allocation conducted the statistical analysis using
SPSS statistical software, version 27.0. Data were reported as mean (standard deviation) and
confidence intervals (IC 95%). Firstly, the normal distribution of variables was verified by
the Kolgomorov–Smirnov test, after a descriptive analysis. Levene test was used to assess
the homogeneity of variances. Linearity was assessed by bivariate dispersion graphics of
residual values observed from the expected values.

Baseline demographic and clinical variables were examined between both groups,
with independent Student’s t-test for continuous data and χ2 tests of independence for
categorical data. Separate 2 × 2 mixed model ANOVA with time (baseline and post-
treatment) as the within-subjects factor, and group (MDR plus therapeutic exercise or
therapeutic exercise) was used to determine the effects of the treatment. Effect size was
tested using Cohen’s d. An effect size <0.2 reflects a negligible difference, between ≥0.2
and ≤0.5 a small difference, between ≥0.5 and ≤0.8 a moderate difference, and ≥0.8 a
large difference. Eta squared (η2) was also used to calculate the effect size (small, 0.01 ≤
η2 < 0.06; medium, 0.06 ≤ η2 < 0.14; and large, η2 > 0.14). A p-value less than 0.05 was
considered to indicate a statistically significant difference.
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3. Results

Four general practitioners (blinded to group allocations and assessment) from a
primary care health center of the Andalusian Health Service (Seville, Spain) recruited
120 participants between August and September 2020. After referral by a general practi-
tioner, patients were interviewed face to face by another blinded researcher to check that
they met the inclusion and exclusion criteria. A total of 60 participants with patellofemoral
pain syndrome met the inclusion criteria and were recruited for the clinical trial (Figure 1).
After the inclusion phase, four subjects withdrew from the study because they missed
almost one session of treatment and 56 participants were thus included in the study, 27 men
and 29 women [mean age: 43.18 (5.7) years]. They were randomly assigned either to MDR
plus therapeutic exercise group (n = 29) or to therapeutic exercise group (n = 27). Out of
the knees treated, 29 were right (52%) while the remaining 27 were left (48%). The mean
(SD) for demographic characteristics and differences between groups at baseline are shown
in Table 1 (p > 0.05 for all).

Table 1. Baseline characteristics of participants in the study groups.

Variables Total Sample
(n = 56)

Diathermy Plus
Therapeutic

Exercise Group
(n = 29)

Therapeutic
Exercise Group

(n = 27)
p Value *

Mean age (years) 43.2 (5.72) 42.3 (15.52) 51 (10.89) 0.083

Height (cm) 168.6 (11.48) 167 (11.39) 169 (11.70) 0.533

Weight (kg) 79.3 (16.03) 76.1 (13.61) 82.3 (17.82) 0.118

Sex

Female 29 11 18
Male 27 16 11

Body Mass Index 27.8 (4.18) 27.1 (3.98) 28.6 (4.32) 0.183

Fat Mass (%) 30.1 (9.41) 29.4 (10.61) 30.8 (8.06) 0.578

Metabolic age (years) 50 (19.37) 45 (19.91) 55 (17.79) 0.062

PPAS 23.64 (7.98) 23.51 (4.15) 23.97 (5.17) 0.143

Educational Level 0.184

School level 19 9 10
Bachelor level 20 8 12

University level 17 12 5
* Values are expressed as absolute frequency for categorical variables and as mean (SD) for continuous variables
(N = 56). p associated with student’s t-test for independent samples in continuous variables and chi-square in
categorical variables. Abbreviation: PPAS = Personal Psychological Apprehension Scale.

Within group analysis showed a significant improvement from baseline values for all
subscales in the MDR plus therapeutic exercise group (change score: VAS = 4.8, DN4 = 4.1,
Kujala Score = 19.2, Lower Extremity Functionality Score = 22.4, flexion = 15.7◦; p < 0.001);
only the range of movement in extension obtained a p = 0.031 (change score extension = 1.0).
Although the therapeutic exercise group also experienced changes in all subscales, except
for extension (p = 0.161), these differences were smaller than in the MDR plus exercise group
(change score: VAS = 0.9, DN4 = 1.8, Kujala Score = 19.7, Lower Extremity Functionality
Score = 14.2, flexion = 8.8◦; p < 0.002). Table 2 includes baseline and post-treatment
outcomes, as well as the between-groups mean differences and effect size.
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Table 2. Baseline, immediate post-treatment follow-up, and change score between groups for intensity
of pain, neuropathic pain, functionality, and range of movement of the knee.

Outcomes Baseline
(Week 0)

Post-
Intervention

(Week 3)

Mean
Differences and

CI between
Groups

Cohen’s d

Patient-reported outcomes

VAS (0–10)

Diathermy plus
therapeutic exercise 5.7 (1.91) 0.9 (1.46)

4.0 (3.2, 4.7) ** 1.45
Therapeutic exercise 5.8 (1.21) 4.9 (3.31)

DN4 (0–10)

Diathermy plus
therapeutic exercise 4.3 (2.07) 0.2 (0.51)

1.7 (1.2,2.2) ** 1.86
Therapeutic exercise 3.8 (1.28) 1.9 (1.16)

KUJALA (0–100)

Diathermy plus
therapeutic exercise 54.4 (19.53) 73.7 (15.83) −4.4 (−12.3, 3.3) 0.25
Therapeutic exercise 49.5 (14.95) 69.2 (13.17)

LEFS (0–80)

Diathermy plus
therapeutic exercise 42.3 (8.75) 64.8 (13.02) −5.3 (−11.3, 0.7) 0.39
Therapeutic exercise 45.3 (15.21) 59.5 (9.04)

Passive ROM (º)

Flexion

Diathermy plus
therapeutic exercise 118.3 (10.62) 133.9 (7.36) −8.0

(−13.4, −2.6) * 0.70
Therapeutic exercise 117 (11.02) 125.9 (12.32)

Extension

Diathermy plus
therapeutic exercise 1.2 (2.55) 0.2 (0.92)

0.7 (−0.3, 1.8) 0.32
Therapeutic exercise 0.5 (1.60) 0.9 (2.78)

* Values are expressed as means ± standard deviation for baseline and three weeks post-treatment and as mean
score change (95% confidence interval) for between-group values. * Indicates statistically significant between-
groups differences (p < 0.05). ** Indicates statistically significant between-groups differences (p < 0.001). Abbrevia-
tions: DN4 = Douleur Neuropathique-4 items; LEFS = Lower Extremity Functionality Score; ROM = Range of
Movement; VAS = Visual Analogue Scale.

An ANOVA test showed statistically significant differences between groups with
respect to intensity of pain (F1,54 = 37.79, p = 0.000, η2 = 0.41), and probability of neuropathic
pain (F1,54 = 4.23, p = 0.045, η2 = 0.07). Although no significant differences between
groups were found for disability and range of movement, the results showed greater
improvement in Lower Extremity Functionality Score in the MDR plus therapeutic exercise
group (change score: 22.4) than in the therapeutic exercise group (change score: 14.2) at
post-treatment follow-up. No significant differences between groups were found for Kujala
Score (F1,54 = 1.4, p = 0.242, η2 = 0.025), Lower Extremity Functionality Score (F1,54 = 0.18,
p = 0.67, η2 = 0.003), and range of movement (Flexion: F1,54 = 3.44, p = 0.069, η2 = 0.06;
Extension F1, 54 = 0.01, p = 0.91, η2 = 0.000).

4. Discussion

The main finding of the present study is that the addition of MDR to therapeutic
exercise produces a greater improvement in intensity of pain and probability of neuropathic
pain than only supervised exercises in patients with patellofemoral pain in the immediate
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post-treatment follow-up compared with baseline scores. Moreover, the addition of MDR
reduces disability to a greater degree than only exercise at short term. These findings
are clinically very relevant as exercises have shown good results for improving function,
but moderate for short-term pain reduction [12]. Through the data of this study, useful
evidence to support the use of diathermy by radiofrequency in addition to therapeutic
exercises for the knee has been obtained.

Benefits of exercises have been observed related to functionality in patellofemoral pain
syndrome [14,16]. These improvements related to movement had been explained by the
effects of exercise on central nervous system neuroplasticity, which enhances the subject’s
capacity to respond to new demands with functional adaptations [40]. For this reason,
despite the lack of consensus about exercise in patellofemoral pain syndrome, the existing
evidence is consistent enough to be the most recommended approach.

Considering this, our hypothesis was based on the point that MDR plus therapeutic
exercise for the knee could make a difference on pain and recovery time reduction. Accord-
ing to the results of this study, pain decreased in 48 in VAS (p < 0.001) when diathermy by
radiofrequency was added to therapeutic exercises. This result agrees with those referred
by previous studies such as the one of Kumaran and Watson [23] in knee osteoarthritis, who
obtained 40 pain improvements in VAS, and the one of Albornoz et al. [24] in patellofemoral
pain syndrome, where the diathermy group obtained a difference of 53 with respect to the
control group. Summarizing, it must be outstood that the addition of MDR to therapeutic
exercises obtained greater reductions in pain than therapeutic exercises alone. However,
it must be considered that most of the studies about exercise for patellofemoral pain syn-
drome lasted for months [11], so the three-week intervention used in this study according
to the local public health system could have reduced the potential benefits of exercise in
this condition. In addition, and given that the patients in the diathermy group could not be
blinded, a positive expectation of success in pain treatment or a placebo effect could have
been created. This could be the reason for the differences between the groups. However,
some authors have determined that each medical treatment takes place in the context of
individual expectations and previous experiences [41,42]. Among the inclusion criteria, we
determined that the participants had to have never received radiofrequency diathermy in
order to minimize bias; although, it would be advisable to investigate its possible effects in
future studies.

Regarding function, no significant differences were observed between the MDR plus
therapeutic exercise group versus the therapeutic exercise alone group, both obtaining
significant improvements at post-treatment follow-up. However, adding MDR to the ex-
ercises seems to produce greater improvements in function than performing therapeutic
exercises alone (differences between groups: Kujala Score 4.4; Lower Extremity Func-
tionality Score: 5.3). We believe that these differences can be explained by the relation
between pain intensity and kinesiophobia [43]. Previous studies have demonstrated that
the presence of fear of movement may influence treatment outcome. Studies show that in
people with chronic musculoskeletal pain, fear of physical exercise or movement is due
to the common assumption of increased pain or injury, and this has been associated with
increased pain intensity and disability [44–47]. There is no doubt that physical exercise has
been an important component in the treatment of pain in both groups [48]; although, the
diathermy group could have had better results in terms of pain and thus better function.
However, this study has not evaluated the pain–kinesiophobia–function relationship in
patients with patellofemoral pain syndrome. Another explanation for not having observed
this more clearly could be that participants do not have enough time in the three weeks
of intervention to assess subjective improvements in their daily function, as most of the
studies use a larger period of intervention of four, six, or eight weeks [16,20]. Due to the
fact that range of motion is not as subjective as Kujala or Lower Extremity Functionality
Score, it is understandable that more clear improvements were assessed in this outcome.

Regarding range of motion in flexion, statistically significant improvements were
observed in patients of the diathermy group compared with those in the therapeutic exercise
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group. This could be explained in different ways; on the one hand, it is known that patients
suffering from greater pain usually show higher levels of fear to movement, so the pain
relief may have improved the range of motion [49]. While, on the other hand, the results of
the study are consistent with those of Szabo et al. [50], who stated that the recovery protocol
of combining therapeutic physical exercises with endogenous thermotherapy processes has
beneficial results in recovering flexion and reducing pain. Furthermore, Ribeiro et al. [51]
demonstrated that diathermy therapy is a good complementary method in the treatment of
musculoskeletal disorders, which should be incorporated into the rehabilitation program
or used in isolation, with both short- and long-term effects.

For all the above, it could be recommended to always use exercise as the first approach
for patellofemoral pain syndrome since its effects are more than demonstrated in all
the outcome measures. Adding MDR could also be useful, effective, and safe to obtain
higher pain reductions and reduce the time of recovery, as it has been shown in various
musculoskeletal medical disorders such as sports-type injuries, in low back pain, and
in urology [21,52–54]. Due to its thermotherapy implications, the diathermy therapy
encourages the therapeutic procedures of wounded tissues without unwanted elevation of
skin temperature [20]. However, more studies combining both therapies in patellofemoral
pain syndrome are needed to confirm that a reduction in the healing process occurs.

The main weakness of this study is related to the lack of a placebo group of MDR. The
difficulty to solve this lies in the impossibility of producing a thermal sensation similar to
diathermy without heating or promoting metabolism of the tissue. Although the use of
non-emission devices is accepted, participants’ distrust could easily increase with these
devices due to the lack of sensation and therefore they may suspect the sham. Another
limitation is the lack of a long-term follow-up, which was not viable owing to the different
places of residence of most of participants and the pandemic situation.

Future research should evaluate the long-term results and implement longer treatment
programs. In addition, physiological responses such as vascularity, deep muscle tempera-
ture, motor unit recruitment, etc., should be assessed. On the other hand, it should also be
assessed whether the results are satisfactory enough for the application of treatment to be
profitable at the clinical level.

In terms of clinical relevance, this randomized clinical trial has shown significant
short-term improvements in pain intensity, probability of neuropathic pain, and range of
motion in flexion in patients with patellofemoral pain with a three-week MDR adjunct
to exercise therapeutics. The study highlights the potential benefits of radiofrequency
emission monopolar dielectric diathermy in the treatment of patellofemoral pain syndrome
and provides baseline data for future research in other musculoskeletal disorders.

5. Conclusions

The addition of MDR to therapeutic knee exercises is more effective than only thera-
peutic exercises at reducing intensity of pain, probability of having neuropathic pain, and
range of motion in flexion in patients with patellofemoral pain syndrome. The main finding
of the present study is that the addition of MDR to therapeutic exercise produces a greater
improvement in intensity of pain and probability of neuropathic pain than only supervised
exercises in patients with patellofemoral pain in the immediate post-treatment follow-up
compared with baseline scores.

Author Contributions: M.A.-C. was responsible for the study design, analysis and interpretation of
the data, and writing of the manuscript. A.J.I.-V. was responsible for the study design, analysis and
interpretation of the data, and writing of the manuscript. C.J.B.-Q. and M.d.l.Á.C.-D. were responsible
for data collection/processing and interpretation of the data. L.E.-A. and I.C.L.-P. were responsible
for analysis and interpretation of the data, and writing of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2023, 12, 2348 11 of 13

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Virgen de la Macarena Hospital,
Seville (CEI 1696-N-17).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Collins, N.J.; Crossley, K.M.; Darnell, R.; Vicenzino, B. Predictors of short and long term outcome in patellofemoral pain syndrome:

A prospective longitudinal study. BMC Musculoskelet. Disord. 2010, 11, 11. [CrossRef]
2. Smith, B.E.; Selfe, J.; Thacker, D.; Hendrick, P.; Bateman, M.; Moffatt, F.; Rathleff, M.S.; Smith, T.O.; Logan, P. Incidence and

prevalence of patellofemoral pain: A systematic review and meta-analysis. PLoS ONE 2018, 13, e0190892. [CrossRef] [PubMed]
3. Collins, N.J.; Barton, C.J.; Van Middelkoop, M.; Callaghan, M.J.; Rathleff, M.S.; Vicenzino, B.T.; Davis, I.S.; Powers, C.M.; Macri,

E.M.; Hart, H.F.; et al. 2018 Consensus statement on exercise therapy and physical interventions (orthoses, taping and manual
therapy) to treat patellofemoral pain: Recommendations from the 5th International Patellofemoral Pain Research Retreat, Gold
Coast, Australia, 2017. Br. J. Sports Med. 2018, 52, 1170–1178. [CrossRef]

4. Hart, H.F.; Barton, C.J.; Khan, K.M.; Riel, H.; Crossley, K.M. Is body mass index associated with patellofemoral pain and
patellofemoral osteoarthritis? A systematic review and meta-regression and analysis. Br. J. Sports Med. 2017, 51, 781–790.
[CrossRef]

5. Insall, J. Current Concepts Review: Patellar pain. J. Bone Jt. Surg. Am. 1982, 64, 147–152. [CrossRef]
6. Rothermich, M.A.; Glaviano, N.R.; Li, J.; Hart, J.M. Patellofemoral Pain: Epidemiology, pathophysiology, and treatment options.

Clin. Sports Med. 2015, 34, 313–327. [CrossRef] [PubMed]
7. Crossley, K.; Bennell, K.; Green, S.; McConnell, J. A systematic review of physical interventions for patellofemoral pain syndrome.

Clin. J. Sport Med. 2001, 11, 103–110. [CrossRef]
8. Logan, C.A.; Bhashyam, A.R.; Tisosky, A.J.; Haber, D.B.; Jorgensen, A.; Roy, A.; Provencher, M.T. Systematic Review of the Effect

of Taping Techniques on Patellofemoral Pain Syndrome. Sports Health 2017, 9, 456–461. [CrossRef]
9. Thomas, M.J.; Wood, L.; Selfe, J.; Peat, G. Anterior knee pain in younger adults as a precursor to subsequent patellofemoral

osteoarthritis: A systematic review. BMC Musculoskelet. Disord. 2010, 11, 201. [CrossRef]
10. Crossley, K.M. Is patellofemoral osteoarthritis a common sequela of patellofemoral pain? Br. J. Sports Med. 2014, 48, 409–410.

[CrossRef]
11. Doyle, E. Appraisal of Clinical Practice Guideline: Patellofemoral Pain: Clinical Practice Guidelines Linked to the International

Classification of Functioning, Disability and Health From the Academy of Orthopaedic Physical Therapy of the American Physical
Therapy. J. Physiother. 2020, 66, 134. [CrossRef] [PubMed]

12. Salarie Sker, F.; Anbarian, M.; Yazdani, A.H.; Hesari, P.; Babaei-Ghazani, A. Patellar bracing affects sEMG activity of leg and thigh
muscles during stance phase in patellofemoral pain syndrome. Gait Posture 2017, 58, 7–12. [CrossRef] [PubMed]

13. Espí-López, G.V.; Arnal-Gómez, A.; Balasch-Bernat, M.; Inglés, M. Effectiveness of Manual Therapy Combined With Physical
Therapy in Treatment of Patellofemoral Pain Syndrome: Systematic Review. J. Chiropr. Med. 2017, 16, 139–146. [CrossRef]
[PubMed]

14. Saltychev, M.; Dutton, R.A.; Laimi, K.; Beaupré, G.S.; Virolainen, P.; Fredericson, M. Effectiveness of conservative treatment for
patellofemoral pain syndrome: A systematic review and meta-analysis. J. Rehabil. Med. 2018, 50, 393–401. [CrossRef] [PubMed]

15. Santos, T.R.; Oliveira, B.A.; Ocarino, J.M.; Holt, K.G.; Fonseca, S.T. Effectiveness of hip muscle strengthening in patellofemoral
pain syndrome patients: A systematic review. Braz. J. Phys. Ther. 2015, 19, 167–176. [CrossRef]

16. Van Der Heijden, R.A.; Lankhorst, N.E.; Van Linschoten, R.; Bierma-Zeinstra, S.M.; Van Middelkoop, M. Exercise for treating
patellofemoral pain syndrome: An abridged version of Cochrane systematic review. Eur. J. Phys. Rehabil. Med. 2016, 52, 110–133.
[PubMed]

17. Coccetta, C.A.; Sale, P.; Ferrara, P.E.; Specchia, A.; Maccauro, G.; Ferriero, G.; Ronconi, G. Effects of capacitive and resistive
electric transfer therapy in patients with knee osteoarthritis: A randomized controlled trial. Int. J. Rehabil. Res. 2019, 42, 106–111.
[CrossRef] [PubMed]

18. Úbeda, A.; Hernández-Bule, M.L.; Trillo, M.A.; Cid, M.A.; Leal, J. Cellular response to non-thermal doses of radiofrequency
currents used in electro-thermal therapy. J. Jpn. Soc. Laser Surg. Med. 2006, 27, 187.

19. Kumaran, B.; Herbland, A.; Watson, T. Continuous-mode 448 kHz capacitive resistive monopolar radiofrequency induces greater
deep blood flow changes compared to pulsed mode shortwave: A crossover study in healthy adults. Eur. J. Physiother. 2017,
137–146. [CrossRef]

http://doi.org/10.1186/1471-2474-11-11
http://doi.org/10.1371/journal.pone.0190892
http://www.ncbi.nlm.nih.gov/pubmed/29324820
http://doi.org/10.1136/bjsports-2018-099397
http://doi.org/10.1136/bjsports-2016-096768
http://doi.org/10.2106/00004623-198264010-00023
http://doi.org/10.1016/j.csm.2014.12.011
http://www.ncbi.nlm.nih.gov/pubmed/25818716
http://doi.org/10.1097/00042752-200104000-00007
http://doi.org/10.1177/1941738117710938
http://doi.org/10.1186/1471-2474-11-201
http://doi.org/10.1136/bjsports-2014-093445
http://doi.org/10.1016/j.jphys.2020.02.008
http://www.ncbi.nlm.nih.gov/pubmed/32291214
http://doi.org/10.1016/j.gaitpost.2017.06.271
http://www.ncbi.nlm.nih.gov/pubmed/28697399
http://doi.org/10.1016/j.jcm.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/28559754
http://doi.org/10.2340/16501977-2295
http://www.ncbi.nlm.nih.gov/pubmed/29392329
http://doi.org/10.1590/bjpt-rbf.2014.0089
http://www.ncbi.nlm.nih.gov/pubmed/26158920
http://doi.org/10.1097/MRR.0000000000000324
http://www.ncbi.nlm.nih.gov/pubmed/30362981
http://doi.org/10.1080/21679169.2017.1316310


J. Clin. Med. 2023, 12, 2348 12 of 13

20. Tashiro, Y.; Hasegawa, S.; Yokota, Y.; Nishiguchi, S.; Fukutani, N.; Shirooka, H.; Tasaka, S.; Matsushita, T.; Matsubara, K.;
Nakayama, Y.; et al. Effect of Capacitive and Resistive electric transfer on haemoglobin saturation and tissue temperature. Int. J.
Hyperth. 2017, 33, 696–702. [CrossRef]

21. Notarnicola, A.; Maccagnano, G.; Gallone, M.F.; Covelli, I.; Tafuri, S.; Moretti, B. Short term efficacy of capacitive-resistive
diathermy therapy in patients with low back pain: A prospective randomized controlled trial. J. Biol. Regul. Homeost. Agents 2017,
31, 509–515.

22. Paolucci, T.; Pezzi, L.; Centra, M.A.; Porreca, A.; Barbato, C.; Bellomo, R.G.; Saggini, R. Effects of capacitive and resistive electric
transfer therapy in patients with painful shoulder impingement syndrome: A comparative study. J. Int. Med. Res. 2020, 48,
300060519883090. [CrossRef]

23. Kumaran, B.; Watson, T. Treatment using 448 kHz capacitive resistive monopolar radiofrequency improves pain and function in
patients with osteoarthritis of the knee joint: A randomised controlled trial. Physiother 2019, 105, 98–107. [CrossRef]

24. Albornoz-Cabello, M.; Ibáñez-Vera, A.J.; Aguilar-Ferrándiz, M.E.; Espejo-Antúnez, L. Monopolar dielectric diathermy by emission
of radiofrequency in Patellofemoral pain. A single-blind-randomized clinical trial. Electromagn. Biol. Med. 2020, 39, 282–289.
[CrossRef]

25. Albornoz Cabello, M.; Rebollo Roldán, J.; García Pérez, R. Personal Psychological Apprehension Scale (EAPP) in Physical Therapy
| Escala de Aprensión Psicológica Personal (EAPP) en Fisioterapia. Revista Iberoamericana de Fisioterapia y Kinesiología 2005, 8,
77–87. [CrossRef]

26. Hochsprung, A.; Escudero-Uribe, S.; Ibáñez-Vera, A.J.; Izquierdo-Ayuso, G. Effectiveness of monopolar dielectric transmission of
pulsed electromagnetic fields for multiple sclerosis-related pain: A pilot study. Neurologia 2021, 36, 433–439. [CrossRef]

27. Ibáñez-Vera, A.J.; Ginestra-Puyalto, A.; Isarria-Vivancos, M.A.; Cruz-Diaz, D.; Achalandabaso, A.; Lomas-Vega, R. Effects of
Dielectric Monopolar Radiofrequency with Vacuumtherapy in the Treatment of Chronic Constipation in Patients with Intellectual
Developmental Disorders. Neuropsychiatry 2019, 9, 2070–2075. [CrossRef]

28. Rennie, S. Electrophysical Agents—Contraindications and Precautions: An Evidence-Based Approach To Clinical Decision
Making In Physical Therapy. Physiother. Can. 2010, 62, 1–80. [CrossRef]

29. Dworkin, R.H.; Turk, D.C.; Wyrwich, K.W.; Beaton, D.; Cleeland, C.S.; Farrar, J.T.; Haythornthwaite, J.A.; Jensen, M.P.; Kerns,
R.D.; Ader, D.N.; et al. Interpreting the Clinical Importance of Treatment Outcomes in Chronic Pain Clinical Trials: IMMPACT
Recommendations. J. Pain 2008, 9, 105–121. [CrossRef]

30. Binkley, J.M.; Stratford, P.W.; Lott, S.A.; Riddle, D.L. The Lower Extremity Functional Scale (LEFS): Scale development, measure-
ment properties, and clinical application. North American Orthopaedic Rehabilitation Research Network. Phys. Ther. 1999, 79,
371–383.

31. Smith, L.H.; Laurent, D.; Baumker, E.; Petosa, R.L. Rates of Obesity and Obesogenic Behaviors of Rural Appalachian Adolescents:
How Do They Compare to Other Adolescents or Recommendations? J. Phys. Act. Health 2018, 15, 874–881. [CrossRef]

32. Hawker, G.A.; Mian, S.; Kendzerska, T.; French, M. Measures of adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric
Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic
Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis
Pain (ICOAP). Arthritis Care Res. 2011, 63, S240–S252. [CrossRef]

33. Tashjian, R.Z.; Deloach, J.; Porucznik, C.A.; Powell, A.P. Minimal clinically important differences (MCID) and patient acceptable
symptomatic state (PASS) for visual analog scales (VAS) measuring pain in patients treated for rotator cuff disease. J. Shoulder Elb.
Surg. 2009, 18, 927–932. [CrossRef]

34. Bouhassira, D.; Attal, N.; Alchaar, H.; Boureau, F.; Brochet, B.; Bruxelle, J.; Cunin, G.; Fermanian, J.; Ginies, P.; Grun-Overdyking,
A.; et al. Comparison of pain syndromes associated with nervous or somatic lesions and development of a new neuropathic pain
diagnostic questionnaire (DN4). Pain 2005, 114, 29–36. [CrossRef] [PubMed]

35. Perez, C.; Galvez, R.; Huelbes, S.; Insausti, J.; Bouhassira, D.; Diaz, S.; Rejas, J. Validity and reliability of the Spanish version of the
DN4 (Douleur Neuropathique 4 questions) questionnaire for differential diagnosis of pain syndromes associated to a neuropathic
or somatic component. Health Qual. Life Outcomes 2007, 5, 66. [CrossRef] [PubMed]

36. Kujala, U.M.; Jaakkola, L.H.; Koskinen, S.K.; Taimela, S.; Hurme, M.; Nelimarkka, O. Scoring of patellofemoral disorders. Arthrosc.
J. Arthrosc. Relat. Surg. 1993, 9, 159–163. [CrossRef] [PubMed]

37. Gil-Gámez, J.; Pecos-Martín, D.; Kujala, U.M.; Martínez-Merinero, P.; Montañez-Aguilera, F.J.; Romero-Franco, N.; Gallego-
Izquierdo, T. Validation and cultural adaptation of “Kujala Score” in Spanish. Knee Surg. Sport Traumatol. Arthrosc. 2016, 24,
2845–2853. [CrossRef] [PubMed]

38. Cruz-Díaz, D.; Lomas-Vega, R.; Osuna-Pérez, M.C.; Hita-Contreras, F.; Fernández, Á.D.; Martínez-Amat, A. The Spanish lower
extremity functional scale: A reliable, valid and responsive questionnaire to assess musculoskeletal disorders in the lower
extremity. Disabil. Rehabil. 2014, 36, 2005–2011. [CrossRef]

39. Brosseau, L.; Balmer, S.; Tousignant, M.; O’Sullivan, J.P.; Goudreault, C.; Goudreault, M.; Gringras, S. Intra- and intertester
reliability and criterion validity of the parallelogram and universal goniometers for measuring maximum active knee flexion and
extension of patients with knee restrictions. Arch. Phys. Med. Rehabil. 2001, 82, 396–402. [CrossRef]

40. Hötting, K.; Röder, B. Beneficial effects of physical exercise on neuroplasticity and cognition. Neurosci Biobehav Rev 2013, 37,
2243–2257. [CrossRef]

http://doi.org/10.1080/02656736.2017.1289252
http://doi.org/10.1177/0300060519883090
http://doi.org/10.1016/j.physio.2018.07.004
http://doi.org/10.1080/15368378.2020.1793169
http://doi.org/10.1016/S1138-6045(05)72785-4
http://doi.org/10.1016/j.nrl.2018.03.003
http://doi.org/10.4172/Neuropsychiatry.1000552
http://doi.org/10.3138/ptc.62.5
http://doi.org/10.1016/j.jpain.2007.09.005
http://doi.org/10.1123/jpah.2017-0602
http://doi.org/10.1002/acr.20543
http://doi.org/10.1016/j.jse.2009.03.021
http://doi.org/10.1016/j.pain.2004.12.010
http://www.ncbi.nlm.nih.gov/pubmed/15733628
http://doi.org/10.1186/1477-7525-5-66
http://www.ncbi.nlm.nih.gov/pubmed/18053212
http://doi.org/10.1016/S0749-8063(05)80366-4
http://www.ncbi.nlm.nih.gov/pubmed/8461073
http://doi.org/10.1007/s00167-015-3521-z
http://www.ncbi.nlm.nih.gov/pubmed/25649731
http://doi.org/10.3109/09638288.2014.890673
http://doi.org/10.1053/apmr.2001.19250
http://doi.org/10.1016/j.neubiorev.2013.04.005


J. Clin. Med. 2023, 12, 2348 13 of 13

41. Bingel, U.; Klinger, R. Behandlungserwartungen und Schmerz [Treatment expectations and pain]. Schmerz (Berl. Ger.) 2022, 36,
155–156. [CrossRef]

42. Finniss, D.G.; Kaptchuk, T.J.; Miller, F.; Benedetti, F. Biological, clinical, and ethical advances of placebo effects. Lancet 2010, 375,
686–695. [CrossRef]

43. Vaegter, H.B.; Madsen, A.B.; Handberg, G.; Graven-Nielsen, T. Kinesiophobia is associated with pain intensity but not pain
sensitivity before and after exercise: An explorative analysis. Physiotherapy 2018, 104, 187–193. [CrossRef]

44. Branstrom, H.; Fahlstrom, M. Kinesiophobia in patients with chronic musculoskeletal pain: Differences between men and women.
J. Rehabil. Med. 2008, 40, 375–380. [CrossRef]

45. Yang, S.Y.; Woon, E.Y.S.; Griva, K.; Tan, B.Y. A Qualitative Study of Psychosocial Factors in Patients With Knee Osteoarthritis:
Insights Learned From an Asian Population. Clin. Orthop. Relat. Res. 2022, advance online publication. [CrossRef]

46. Vlaeyen, J.W.; Kole-Snijders, A.M.; Boeren, R.G.; van Eek, H. Fear of movement/(re)injury in chronic low back pain and its
relation to behavioral performance. Pain 1995, 62, 363–372. [CrossRef]

47. Lundberg, M.; Larsson, M.; Ostlund, H.; Styf, J. Kinesiophobia among patients with musculoskeletal pain in primary healthcare.
J. Rehabil. Med. 2006, 38, 37–43. [CrossRef] [PubMed]

48. Naugle, K.M.; Fillingim, R.B.; Riley, J.L., III. A meta-analytic review of the hypoalgesic effects of exercise. J. Pain 2012, 13,
1139–1150. [CrossRef] [PubMed]

49. Hott, A.; Brox, J.I.; Pripp, A.H.; Juel, N.G.; Liavaag, S. Predictors of Pain, Function, and Change in Patellofemoral Pain. Am. J
Sports Med. 2020, 48, 351–358. [CrossRef] [PubMed]

50. Szabo, D.A.; Horat, iu, P.; Nicolae, N.; Simona, S. The benefits of the TECAR therapy in flexion recovery after revision of the
anterior cruciate ligament (ACL). Timis. Phys. Educ. Rehabil. J. 2020, 13, 27–35. [CrossRef]

51. Ribeiro, S.; Henriques, B.; Cardoso, R. The Effectiveness of TECAR Therapy in Musculoskeletal Disorders. Int. J. Public Health
Health Syst. 2018, 3, 77–83.

52. Bretelle, F.; Fabre, C.; Golka, M.; Pauly, V.; Roth, B.; Bechadergue, V.; Blanc, J. Capacitive-resistive radiofrequency therapy to treat
postpartum perineal pain: A randomized study. PLoS ONE 2020, 15, e0231869. [CrossRef]

53. Weber, T.; Kabelka, B. Noninvasive monopolar capacitive-coupled radiofrequency for the treatment of pain associated with lateral
elbow tendinopathies: 1-year follow-up. PM&R 2012, 4, 176–181. [CrossRef]

54. Navarro-Ledesma, S.; Gonzalez-Muñoz, A. Short-term effects of 448 kilohertz radiofrequency stimulation on supraspinatus
tendon elasticity measured by quantitative ultrasound elastography in professional badminton players: A double-blinded
randomized clinical trial. Int. J. Hyperth. 2021, 38, 421–427. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s00482-022-00649-7
http://doi.org/10.1016/S0140-6736(09)61706-2
http://doi.org/10.1016/j.physio.2017.10.001
http://doi.org/10.2340/16501977-0186
http://doi.org/10.1097/CORR.0000000000002526
http://doi.org/10.1016/0304-3959(94)00279-N
http://doi.org/10.1080/16501970510041253
http://www.ncbi.nlm.nih.gov/pubmed/16548085
http://doi.org/10.1016/j.jpain.2012.09.006
http://www.ncbi.nlm.nih.gov/pubmed/23141188
http://doi.org/10.1177/0363546519889623
http://www.ncbi.nlm.nih.gov/pubmed/31821014
http://doi.org/10.2478/tperj-2020-0013
http://doi.org/10.1371/journal.pone.0231869
http://doi.org/10.1016/j.pmrj.2011.11.003
http://doi.org/10.1080/02656736.2021.1896790

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Outcomes Measures 
	Interventions 
	MDR plus Therapeutic Exercise 
	Therapeutic Exercise 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

