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ABSTRACT – Objective: The onset of edema and pain after Total Knee Arthroplasty (TKA) affects functional 
recovery. Endogenous diathermy therapy (EDT) has a pain-relieving effect and acts on microcirculation to reduce 
swelling. Different EDT devices deliver electromagnetic waves at different frequencies. The aim of our retrospective 
observational study was to evaluate whether High-frequency treatment (HFT) devices (>2 MHz) have a different 
impact on pain and swelling reduction after TKA compared with low-frequency treatment (LFT) devices (<2 MHz).  

Patients and Methods: Among patients admitted for post-TKA rehabilitation, 33 subjects were evaluated for 
HFT and 34 subjects for LFT. Outcome measures were: limb circumferences and Numerical Rating Scale (primary 
outcomes); degrees of knee flexion, Timed Up and Go test and the level of pharmacotherapy used (secondary 
outcomes). Participants were assessed at T0 (patients entering the rehabilitation setting, four days after surgery), 
T1 (mid-time of the rehabilitation program, 14 days after surgery) and T2 (24 days after surgery, before hospital 
discharge). In order to evaluate changes over time and between groups, linear mixed model analyses for repeated 
measures (p=0.05) were made of each of the outcome measures. 

Results: Subjects of the two groups did not differ in terms of any demographic or anthropometric parameter 
(Kolmogorov-Smirnov test). At T2, participants of the two groups did not differ in terms of level of pharmacother-
apy used (Mann-Whitney U test). A significant effect of time was found for all outcomes, none of the outcomes 
showed group effect and/or time-group interaction effect, resulting for both groups a progressive reduction of 
pain measured by NRS scale, progressive reduction of limb circumferences, progressive improvement in knee 
flexion degrees and progressive better performance at the TUG test throughout the rehabilitation recovery.

Conclusions: Results suggest that there is no difference in terms of EDT efficacy on postoperative pain and 
edema reduction using different frequencies. 
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INTRODUCTION

The number of primary Total Knee Arthroplasty (TKA) increased approximately by 13% in the last de-
cade in Europe1. According to the latest available annual reports, the number of primary TKA recorded 
in national European registries is 2.5 million2 and its incidence rate is projected to increase by around 
43% over the next 30 years3.

As the demand for surgery increases, postoperative management has to be more effective and effi-
cient. In fact, the onset of edema and pain after TKA is a relevant problem which affects functional re-
covery and requires an early multidimensional intervention to be solved4,5. For this reason, good clinical 
practice suggests the use of electrical therapies6,7 in association with physiotherapy8, in order to reduce 
drugs’ overuse and side effects. Among them, endogenous diathermy therapy (EDT) has a primary role. 
This therapy uses radiofrequencies to generate heat in the treatment area, both on surface and in deep 
tissues9-11. Heat has a pain-relieving effect and acts on microcirculation modifying impedance of tissues 
treated. EDT has a documented capacity to reduce swelling and pain in several musculoskeletal and 
lymphatic disorders12-16. Its use in postoperative phase is safe17 and it is not in contrast with cryotherapy, 
which is largely used in immediate and early postoperative management18. As suggested by major de-
vice producers, the use of EDT is limited by contraindications directly related to radiofrequencies and to 
heat itself. They include: presence of pacemaker implant, implantable cardioverter defibrillator or any 
other cardiac implant, neoplasia, local acute infections, history of epilepsy, pregnancy, thrombophlebitis 
or deep venous thrombosis, and rheumatoid arthritis17. 

Different EDT devices are able to deliver electromagnetic waves at different frequencies. They include 
Capacitive Resistive Electric Transfer (TECAR) devices. They are used indifferently in the clinical practice. 

However, to the best of our knowledge, there are no studies investigating the different effects of 
High-frequency EDT or low-frequency EDT on postoperative pain and edema reduction. Therefore, the 
aim of our study is to evaluate whether High-frequency Treatment (HFT) devices (>2 MHz) have a dif-
ferent impact on reducing postoperative pain and swelling after TKA compared with Low-frequency 
Treatment (LFT) devices (<2 MHz) in an inpatient rehabilitation setting.

PATIENTS AND METHODS

Subjects

For our retrospective observational study, we investigated all patients with TKA who were admitted be-
tween October 1st, 2018, and March 30th, 2019, at the Zucchi Clinical Institute “San Francesco” Rehabil-
itation Department for a period of three-weeks hospitalization for intensive rehabilitation, immediately 
following the surgical intervention. We conducted our study in compliance with the principles of the 
Declaration of Helsinki.

Among all patients of both sexes who underwent the inpatient rehabilitation program after TKA, we 
excluded from our observation patients who had had revision TKA, patients affected by severe cognitive 
deficit and patients who presented any contraindications to EDT (i.e., presence of pacemaker implant, 
implantable cardioverter defibrillator or any other cardiac implant, neoplasia, local acute infections, 
history of epilepsy, pregnancy, thrombophlebitis or deep venous thrombosis, and rheumatoid arthritis).

Treatment 

Due to the lack of evidence in literature, about the most effective frequency in EDT, HFT devices (>2 
MHz) and LFT devices (< 2 MHz) are equally used in the rehabilitation program of our Institute. Pa-
tients receive a standard physiotherapy intervention, but they are usually indifferently assigned to 
one or the other treatment. Therefore, we observed two groups of patients: those who received HFT 
(ProNexibus device, LocalCare S.r.l., Bereguardo, PV, Italy) and those who received LFT (Tecar HCR 
150 device or Tecar HCR 901 device, Unibell, Calco, LC, Italy) during the hospitalization. The settings 
used are shown in Table 1. It is necessary only for LFT devices to apply a specific conductive substance 
on the treated surface. According to the instructions of all devices, the clinicians who provided EDT 
decided the power setting and the number of sessions for each patient, depending on patients’ con-
ditions. In detail, the warm sensation felt by the patient guided the power setting, while swelling and 
pain relief guided the number of sessions. Only for HFT devices a maximum number of 5 sessions was 
suggested by the producer. 
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The clinicians who provided EDT sessions were not the same as the ones who assessed the patients. The 
latter were unaware of frequency used and they had no contact with patients during their treatment.

Outcomes

All outcomes were assessed in three moments: at baseline, when patients entered the rehabilitation 
setting (i.e., four days after surgery, T0), in the mid-time of the rehabilitation program (14 days after 
surgery, T1) and before hospital discharge (24 days after surgery, T2). 

Primary Outcome Measures

• Limb circumferences were used to evaluate postoperative edema. The measurement was performed
according to the Guidelines for the assessment of lymphoedema of the limbs of the Italian Society
for vascular Investigation19. It was carried out in seven points: middle-foot (halfway from the heel to
the tip of the first toe), 0 (ankle), 1 (inferior third of leg), 2 (superior third of leg) and 3 (distal part of
the knee), 4 (proximal part of the knee) and 5 (thigh).

• We used Numerical Rating Scale (NRS) to assess pain intensity4. It consists of 11 degrees ranging from
0 (no pain) to 10 (the worst imaginable pain).

Secondary Outcome Measures

We measured secondary outcomes as a result of the expected pain and swelling reduction.
• To evaluate knee mobility, degrees of passive knee flexion were measured using a universal goniometer4.
• The Timed Up and Go (TUG) test appears to be a responsive measure of function also directly fol-

lowing joint replacement arthroplasty4. The tester measures the time the patient takes to rise from
a chair, to walk at normal speed for 3 meters, to return to the chair and to sit down again.

• The plan for pain management used in the Institute during the inpatient rehabilitation period follows
the SIAARTI (Società Italiana di Anestesia Analgesia Rianimazione e Terapia Intensiva) Recommenda-
tions for Postoperative pain treatment20.
To evaluate the rate of use of pharmacological pain therapy, we classified it in this way for each patient:
–  Level 1: use of acetaminophen alone or in combination with codeine
–  Level 2: use of NSAIDs or COXIBs for a brief period of time (3-7 days) +/- acetaminophen
–  Level 3: use of opiates or use of NSAIDs / COXIBs for a long period of time (more than 7 days) +/-

acetaminophen.
Each patient was classified as belonging to one of these levels at the end of the rehabilitation recovery (T2).

Statistical Analysis

Kolmogorov-Smirnov test was used to test continuous variables in each group for normal distribution. 
Linear mixed model analyses for repeated measures (p = 0.05) were made of each of the outcome 

measure to evaluate changes over time and between groups. The outcome measures were entered as 

Table 1. Treatment settings and devices.

High frequencies (>2 MHz) Low frequencies (< 2 MHz)

Device: ProNexibus Device: Tecar HCR 901 Device: Tecar HCR 150
Frequency*: 2 or 4 or 8 Mhz Frequency: 0.49 MHz Frequency*: 0.44-0.55 MHz
Power range*: 15 W to 110 W Exit Power*: 200 W or 300 W Exit Power*: 85 W
Treatment duration: 10 minutes Treatment duration: 10 minutes

*Values depending on patient’s conditions.
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dependent variables, time and group as fixed effects. The crossover effect of time and group was en-
tered as an interaction term.

Significant effects of the time were found. Thus, separately for the two treatment groups, post-hoc 
analyses were carried out to evaluate pairwise differences in the changes of the outcome measures 
(using Bonferroni adjusted alpha levels of .0167).

Because of its ordinal nature, the level of use of pharmacological pain therapy of the two groups was 
compared using the Mann-Whitney U test.

RESULTS

The patients assessed for eligibility were 83. Among them, 16 presented one or more exclusion criteria, 
therefore 67 patients were included in the observation. Five patients discontinued the investigation at 
T1, due to anticipated hospital discharge. Figure 1 shows the study flow chart. 

Figure 1. Study flow chart.

62 patients were investigated, 14 males and 48 females (age range: 50-86 years). 33 subjects were 
evaluated among those receiving HFT and 34 subjects for LFT.

At T0, subjects of the two groups did not differ for demographic or anthropometric parameters. Pa-
tients’ baseline characteristics are shown in Table 2. 

No adverse events were observed in either group and both HFT and LFT were well tolerated by all 
patients. 

Considering the pharmacotherapy effect as cumulative, we evaluated it at the end of the rehabilita-
tion recovery, categorizing patients in increasing levels of use as we previously showed. As a result, at T2 
participants of the two groups did not differ in terms of level of pharmacotherapy used (Mann-Whitney 
U test). 

As reported in Table 3, changes over time within and between groups (HFT vs. LFT) did not show 
statistically significant group effect on NRS scores (p-value = 0.332), degrees of knee flexion (p-value 
= 0.973), and TUG results (p-value = 0.620). In the same way, neither the crossover effect of time and 
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group (the interaction effect) resulted statistically significant for NRS scores (p-value = 0.517), degrees 
of knee flexion (p-value = 0.624), and TUG results (p-value = 0.706). A significant time effect (p-value < 
0.001) was found for all outcomes.

Table 4 reports the changes over time within and between groups for all the limb circumferences 
measured. A significant effect of time was found for all outcomes. None of the outcomes showed group 
effect.

Our results report progressive reduction of pain measured by NRS scale, progressive reduction of 
limb circumferences, progressive improvement in knee flexion degrees and progressive better perfor-
mance at the TUG test for both groups throughout the rehabilitation recovery.

As we stated, according to the instructions, pain and swelling reduction guided the clinicians in de-
termining the number of sessions needed for each patient, and only for HFT devices producers indicated 
5 as the maximum deliverable sessions. We observed that the average number of sessions for patients 
in HFT group was 4.9 (range 4-5), while the average number of sessions for patients in LFT group was 
10.7 (range 5-16). 

DISCUSSION

Drug-free interventions to reduce postoperative pain and swelling after TKA are consistent with the 
principles of enhanced recovery after surgery and there is increased interest in such nonpharmacologi-
cal treatments. In fact, pain and swelling are major complaints in most patients after TKA and the risk of 
persistent postsurgical pain onset is higher when acute pain is not effectively treated21. 

Recent literature has highlighted the role of EDT in swelling and pain reduction. Focusing the appli-
cation of EDT on edema reduction, Cau et al14 studied severely obese subjects with bilateral lower limb 
lymphedema undergoing EDT in addition to a multidisciplinary rehabilitation program. Compared to the 

Table 2. Subjects’ baseline characteristics (N=62).

High-frequency  Low-frequency
treatment (N=30) treatment (N=32) p-value

Age (years)a 69 (8.3) 72 (7.3) 0.126
Sex (male/female) 7/23 7/25 
Body Mass Index (kg/m2)a 30.5 (4.8) 30.0 (5.1) 0.470

aMean values (standard deviation).

Table 3. Changes over time within and between groups for NRS scores, degrees of knee flexion 
and TUG results (N=62).

Group T0* T1* T2* p-value p-value p-value
time group interaction
effect effect effect

NRS High-frequency 6.03 (0.7) 4.6 (0.7) 3.23 (0.7) <0.001 0.332 0.517(0-10) Low-frequency 6.31 (1.4) 5.16 (2.1) 3.34 (0)   
Degrees High-frequency 58.83 (3.5) 90.17 (0) 101 (0) <0.001 0.973 0.624of knee Low-frequency 57.34 (0) 91.09 (21.2) 101.4 (0)

flexion 

TUG (sec) High-frequency 36.15 (16.3) 24.05 (13.4) 16.1 (7.5) <0.001 0.620 0.706Low-frequency 37.30 (19.2) 22.85 (11.1) 15.2 (4) 

Mean values (standard deviation). *p<0.05.
NRS, Numeric Rating Scale; TUG, Timed Up and Go test.
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control group, a significant volume reduction in the whole limb and in the thigh was observed after 6 
EDT sessions. As secondary outcomes, the TUG and VAS for pain showed improvement in both groups. 
Although lymphedema has different etiological origins compared to post-surgical edema, our observa-
tional study shows similar conclusions on similar outcomes.

In a recent double-blind RCT evaluating the efficacy of diathermy in the postoperative phase of TKA, 
Garcìa-Marìn et al17 found that the addition of EDT to physiotherapy obtained better results for knee 
pain than physiotherapy alone. In fact, therapy group (EDT at 0.84 MHz + physiotherapy) showed better 
results in VAS and WOMAC scales than both the placebo group (turned-off device + physiotherapy) and 
the control group (physiotherapy only). 

Assuming EDT documented efficacy after TKA5,17 and in many other conditions22-24, our study aimed at 
evaluating possible differences between High-frequency EDT treatment and Low-frequency EDT treat-
ment in terms of postoperative pain relief and improvement of knee function. Therefore, we focused 
our observation during inpatient rehabilitation period. Considering that both groups received the same 
rehabilitation program, and no difference has been shown on the use of pharmacological therapy, our 
results report for both groups a progressive reduction of pain measured by NRS scale and a progressive 
reduction of limb circumferences throughout the rehabilitation recovery. These results are accompa-
nied by a consequent improvement in knee flexion, as the reduction of pain and swelling reduces the 
risk of knee stiffness. In the same way, we observed progressive better performance at the TUG test for 
both groups, as functional recovery parameters. 

These results suggest that there is no difference in terms of EDT efficacy on pain and edema reduc-
tion using different frequencies. However, some further considerations can be made.

As we already stated, it is necessary for the LFT devices to apply a specific conductive substance to 
the treated surface. Therefore, this makes the use of LFT devices in the area closely adjacent to the sur-
gical wound impossible. On the contrary, HFT devices are directly applied to the treated area, and they 
can also be used above the plaster. Moreover, according to the instructions, the number of sessions was 
depending on patients’ conditions, but only for HFT devices producers suggested a maximum number of 
5 sessions. Our results showed that the average number of sessions for patients in LFT group was 10.7, 
ranging from a minimum of 5 sessions to a maximum for 16. On the other side the average number of 
sessions for patients in HFT group was 4.9 (range 4-5).

Table 4. Changes over time within and between groups for limb circumferences.

Group  T0* T1* T2* p-value p-value p-value
time group interaction
effect effect effect

Middle High-frequency 22.75 (1.1) 22.5 (0.7) 22.25 (1.1) <0.001 0.104 0.411foot Low-frequency 22.25 (0.4) 22 (0) 21.75 (0.3)   
0 – ankle High-frequency 27.25 (0.3) 26.75 (1.8) 24.75 (0.3) <0.001 0.072 0.612Low-frequency 24.5 (3.5) 26 (1.4) 25.85 (1.2)   
1 – inferior  High-frequency 30.5 (3.5) 22.9 (0.8) 21.5 (0.7) <0.001 0.183 0.157third  Low-frequency 26.5 (2.1) 24.75 (1.8) 25.75 (2.5) 

of leg 
2 – superior High-frequency 36 (1.4) 31.75 (3.2) 30.5 (2.1) <0.001 0.272 0.158third  Low-frequency 34 (1.4) 34 (1.4) 35.5 (1.4)

of leg 
3 – distal High-frequency 39.5 (0.7) 35.75 (1.1) 37.25 (0.3) <0.001 0.409 0.768part of Low-frequency 40.25 (3.9) 37.5 (0.7) 39.75 (1.8)

the knee
4 – proximal High-frequency 48.5 (2.1) 46.75 (1.8) 45.65 (1.2) <0.001 0.389 0.346part of  Low-frequency 48.75 (4.6) 44.25 (1.8) 44.25 (3.2) 

the knee 
5 – thigh High-frequency 55.75 (1.1) 49.5 (2.1) 49.5 (2.1) <0.001 0.496 0.630Low-frequency 49.5 (5) 47.75 (2.5) 47.25 (3.2)   

Mean values (standard deviation). *p<0.05.
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Although both treatments have shown comparable results, these aspects (the use of conductive sub-
stance and different number of sessions) should be considered when tailoring a postoperative rehabilita-
tion program, preferring one or the other treatment according to patient’s needs and hospital’s assets.

Limitations

Our study has some limitations. First of all, it is not a randomized controlled trial, but a retrospective 
observational study, without any intervention that would change the ordinary protocol used in the Insti-
tute. This is the reason why we lack a sham group. However, using EDT, a sham treatment is generally dif-
ficult to recruit because of the comfortable deep heating sensation normally felt by patients during the 
treatment17. Another possible limitation is that pharmacotherapy, notwithstanding our study categori-
zation, may exert a confounding effect that could have affected EDT contribution to pain and swelling 
reduction. Further studies will be necessary to understand the respective impact of EDT, physiotherapy 
and drug therapy on the reduction of pain and swelling during the rehabilitation following TKA.

CONCLUSIONS

As literature shows, EDT is a valid non-pharmacological option for pain relieving and edema reduction 
in postoperative inpatient rehabilitation after TKA. It is safe and well tolerated by patients, and presents 
few contraindications limiting its use. In our study, no difference of effect by HFT vs. LFT devices has 
been observed, although HFT devices show some characteristics that could make them preferable in 
some rehabilitation settings, such as a lower number of sessions needed (maximum of 5) and the ab-
sence of conductive substance to use. 
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