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Introduction:- There are no studies in the literature on the combined 

effect of interference current, ultrahigh-frequency current, and exercise 

in recurrent knee pain due to osteoarthritis. There is no consensus on 

the optimal frequency, duration, and intensity of exercise. 

Aim:- To study the effect of interferential current, ultrahigh-frequency 

current, and exercises in recurrent knee pain due to osteoarthritis and to 

discover the optimal frequency, intensity, and duration of exercises.  

Material and Methods:- Twelve outpatients (age 63.43±6.24 years) 

with recurrent knee pain due to osteoarthritis (average pain duration 

6.71±5.21 years and last recurrence 3.92±1.56 before study enrolment) 

were followed-up for one month. They were treated for the first two 

weeks with interferential current, ultrahigh-frequency current, and 

exercises. All outpatients were instructed to perform the exercises as 

often as possible, as long as possible, and as intense as possible at 

home for one month. The pain was measured by a visual analogue scale 

daily for the two-week course and after one month. In the beginning, in 

the middle, and at the end of the month were recorded the mobility in 

the knee joints by goniometry, the strength of the periarticular muscles 

by manual muscle testing, WOMAC parameters, frequency, intensity, 

and duration of the exercises.  

Results:- During the two-week course, the pain was decreasing every 

following day (P>0.05). Over the weekend the pain increased (P<0.05). 

After two weeks and after one month the pain (P<0.05), mobility 

(P>0.05), muscle strength (P>0.05), and WOMAC parameters (P>0.05) 

significantly improved. There was a significant correlation and 

regression between pain and exercise frequency (P<0.05). With an 

exercise frequency greater than five times daily, the pain regressed to 

zero (P<0.05). There was no correlation between pain and exercise 

intensity (P>0.05) and between pain and exercise duration (P>0.05).  

Discussion:- The improvement of the pain during the week and its 

worsening during the weekend showed that interferential current and 

ultrahigh-frequency current had a short-term analgesic effect. The 

improvement of all parameters after one month showed that exercises 

had a long-term effect. The presence of a correlation and regression 

between pain and exercise frequency, combined with a lack of 

correlation between pain and exercise intensity or duration, indicated 

that frequent, short, and low-intensity exercises were optimal.  
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Conclusion:- The combination between interferential current, 

ultrahigh-frequency current, and exercise is effective in recurrent knee 

pain due to osteoarthritis. Short and low-intensity exercises with a 

frequency of more than five times a day are optimal.   
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Introduction:- 
Osteoarthritis of the knee is one of the most common causes of pain and disability [1-7]. Half of all people over the 

age of 65 have osteoarthritic changes in the knee joints [2-7]. 

 

Often osteoarthritis of the knee is treated with exercise and physical factors [1,2,7-12]. Exercise has both short-term 

and long-term symptomatic (analgesic) effects and pathogenetic effects on muscle balance, joint stability, and 

mobility [1,13-19]. Strength exercises for elongated and flabby dynamic muscles correct the muscle imbalance and 

increase joint stability [1,13-15,17,18,20]. Relaxing exercises for shortened and spastic static muscles correct the 

muscle imbalance and increase joint mobility [1,21,22]. There is a consensus on the therapeutic effect of the 

exercises, but their optimal frequency, duration, and intensity are not known [1]. 

 

Interference current has a short-term electro analgesic effect in osteoarthritis of the knee [1,8,23-32]. Several electro 

analgesic theories have been proposed: central-level gate theory [1,33,34], peripheral-level beta-endorphins release 

theory [1,9,11,35], receptor-level hyperpolarisation theory [1,9,11] and microcirculatory-level metabolic theory 

[1,9,11].  

 

Ultra-high frequency current has a short-term analgesic effect in osteoarthritis of the knee due to its endogenous 

thermal effect, which does not burden the thermoregulation, respiratory and cardiovascular systems [1,9,11,36]. The 

reason is that the skin is not a barrier to ultra-high frequency current [1,9,11,36]. Endogenous heat is formed 

indirectly in depth by the transformation of electromagnetic external energy into kinetic energy of dipole molecules 

[1,9,11,36]. This causes the tissues to heat up from their high-frequency oscillations, trying to direct their positive 

and negative poles to the high-frequency change of polarity [1,9,11,36]. In addition, endogenous heat from ultra-

high frequency current is selective - it can heat tissues with high or low water content, depending on the type of 

electrodes [1,9,11,36]. 

 

There are no studies in the literature on the combined effect of interference current, ultra-high frequency current, and 

exercise in recurrent knee pain due to osteoarthritis. There is no consensus on the optimal frequency, duration, and 

intensity of exercise.   

 

The aim was to study the effectiveness of the combination of interference current, ultra-high frequency current, and 

exercise in the rehabilitation of recurrent knee pain due to osteoarthritis and to find the optimal frequency, intensity, 

and duration of exercise. 

 

Material and Methods:- 
Twelve outpatients (age 63.43 ± 6.24 years) with recurrent knee pain due to osteoarthritis (mean pain duration 6.71 

± 5.21 years and last recurrence 3.92 ± 1.56 weeks before study enrolment) were followed for one month. They were 

treated for the first two weeks with interference current, ultra-high frequency current, and exercise.  

 

The interference current was applied by a four-electrode stable method. The electrodes were placed transversely 

above and below the knee so that the electromagnetic fields of the two current circuits interfere in the painful area. 

Rhythmic change of frequencies 90-100 Hz was used, without vector with a duration of the procedure 10 min. 

[1,8,23-32].  

 

The ultra-high frequency current was applied with capacitor electrodes, located transversely at a distance of 3 cm 

from the knee surface. The duration of the procedure was 10 minutes with a constant mode [1,9,11,12,19,20].  

 

The exercises were performed under the supervision of a rehabilitator once a day for 10 minutes. The shortened and 

hypertonic static muscles (m.rectus femoris, m.biceps femoris, m.semitendinosus, m.semimembranosus, and 
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m.gastrocnemius) were treated by relaxation exercises - with post isometric relaxation [37] and stretch [22]. The 

elongated and flabby dynamic muscles (m.vastus medialis, lateralis, and intermedius) were treated by strengthening 

exercises [38]. All outpatients were instructed to perform these exercises as often as possible, as long as possible, 

and as intensively as possible at home for one month.  

 

The pain was reported by a visual analogue scale daily for two weeks and after one month [1,39]. In the beginning, 

in the middle, and at the end of the month, the mobility in the knee joints, the strength of the surrounding muscles, 

WOMAC parameters [21, 23], frequency, intensity, and duration of exercise were registered. The mobility in the 

knee joints was measured with goniometry [1,40]. To calculate total knee mobility in percentages, angular degrees 

were transformed into percentages of normal mobility - the sum of the percentages in knee flexion and extension 

was divided by two. The strength of the surrounding muscles was measured with manual muscle testing [1,40]. To 

calculate the total strength of the surrounding muscles in percentages, the degrees of manual muscle testing were 

transformed into percentages of normal strength - the sum of the percentages of the flexors and extensors of the knee 

joint was divided by two.  

 

For statistical processing of the results, analysis of variances (ANOVA) with a multiple post-hoc Bonferroni test and 

Pearson correlation analysis with post-hoc multiple regressions analyzes were used.  

 

Results:-  
During the two-week course, the pain was decreasing every following day (P<0.05). Over the weekend, the pain 

increased (P<0.05). After two weeks and after one month, the pain significantly decreased (P<0.05) (Figure 1).   

 
Figure 1:- Pain intensity reported by a visual analogue scale (VAS in cm.) daily for two weeks and after one month. 

The sixth and seventh days are a weekend. 

 

The mobility in the knee joint and the strength of the periarticular muscles increased at the end of the two-week 

therapeutic course compared to the beginning (P<0.05) and after one month compared to the end of the two-week 

therapeutic course (P<0.05). 

 

There was no correlation between pain and age (P>0.05), between pain and exercise intensity (P>0.05), and between 

pain and exercise duration (P>0.05). There was a significant correlation and regression between pain and muscle 

strength (P<0.05), between pain and joint mobility (P<0.05), and between joint mobility and muscle strength 

(P<0.05). The three-dimensional multiple regression relationship between pain, joint mobility, and muscle strength 

(P<0.05) is presented in Figure 2.  
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Figure 2:- Three-dimensional regression between pain (VAS in cm.), joint mobility (in % of the norm), and joint 

muscle strength (in % of the norm). 

 

Correlation analysis found an inverse proportional relationship between pain and exercise frequency (P<0.05). 

Regression analysis found that the intensity of pain was decreasing significantly with increasing frequency of 

exercise (P<0.05) according to the following formula: 

VAS (cm.) = 3.64 - (0.721 * daily exercise frequency) (Figure 3): 
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Figure 3:- Regression analysis between pain (VAS in cm.) and daily exercise frequency. 

 

According to this formula (y=-0.721x+3.64), at an exercise frequency of more than five times a day the pain showed 

a regressive tendency to decrease to zero (P<0.05), while at an exercise frequency of less than once a day, the pain 

showed a progressive tendency to increase over 3 cm. (VAS in cm.) (P<0.05) (Figure 3).  

 

Discussion:- 
The results support the opinion that interference and ultra-high frequency current have a short-term symptomatic 

effect [2-9,11,12,23,27,36,41,42] because, after two weeks of physiotherapy, the knee pain decreased. In addition, 

our results showed that pain decreased significantly not only after a two-week course but also after every following 

day of physiotherapy. In addition, the increase in pain over the weekend proved the presence of a short-term 

symptomatic effect of the interference current and ultra-high frequency current, as their cessation in two days led to 

a return of pain.  

 

The results support the opinion that exercise has short-term and long-term symptomatic and pathogenetic effects 

[13-19] because, after two weeks of physiotherapy with exercises and additional two weeks of exercises only, knee 

pain decreased, joint mobility increased, muscle strength increased, and WOMAC parameters improved. It was 

found that only the frequency of exercise had a significant therapeutic effect, as only it correlated with pain, while 

the intensity and duration of exercise did not correlate with the pain. Regression analysis found that with an exercise 

frequency of more than five times a day, the pain was close to zero. Therefore, short-term and low-intensity 

exercises with a frequency of more than five times a day are optimal. Increasing the intensity and duration of 

exercise does not reduce pain, but may increase the risk of injury.  

 

The lack of a significant correlation between pain and age, combined with increasing degenerative changes with age, 

suppose that there is no relationship between the degree of degenerative changes and the degree of pain. With 

significant degenerative changes, the pain may have a lower intensity compared to minor image changes and vice 

versa - with minor degenerative changes, the pain may have a higher intensity compared to significant image 

changes. The significant correlation between pain and joint mobility suppose that pain causes muscle guard with 

shortening and hypertonicity of static muscles that restrict mobility, and vice versa - limited mobility leads to their 

shortening and increase in pain. The significant correlation between pain and muscle strength suppose that pain 

inhibits the strength of dynamic muscles, leading to their hypotrophy or atrophy, and vice versa - reduced strength 

leads to joint instability and pain. Electroanalgesia with interference and high-frequency current contributes to the 

short-term cessation of the vicious cycle (pain-hypomobility-instability-imbalance) during recurrences. Deepening 

muscle imbalance with flabbiness and atrophy of dynamic muscles and shortening with hypertonicity of static 

muscles leads to increased pain, joint instability, and hypomobility. All this shows that therapeutic and prophylactic 

exercises are needed, aimed at correcting muscle imbalance, increasing joint stability, and mobility.  
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Conclusion:- 
The combination of interference current, ultra-high frequency current, and exercise is effective in recurrent knee 

pain due to osteoarthritis. Short and low-intensity exercises with a frequency of more than five times a day are 

optimal.  

 

References:- 
1. Aleksiev A, Rjaskova M (1999) [Orthopaedic diseases]. In: Kirova I, editor. [Practical clinical physiotherapy]. 

Sofia: Znanie Publishers; 51-81. 

2. McAlindon TE, Bannuru RR, Sullivan MC, Arden NK, Berenbaum F, Bierma-Zeinstra SM, et al. (2014) 

OARSI guidelines for the non-surgical management of knee osteoarthritis. Osteoarthritis and Cartilage. 22(3): 

363-88. 

3. National Health and Medical Research Council (2009) Guideline for the non-surgical management of hip and 

knee osteoarthritis. South Melbourne, Victoria: The Royal Australian College of General Practitioners. 

4. National Health and Medical Research Council (2009) Non-surgical management of hip and knee osteoarthritis: 

a literature review of recent evidence. South Melbourne, Victoria: The Royal Australian College of General 

Practitioners. 

5. Office of Quality and Performance (2014) VA/DoD clinical practice guideline for the non-surgical management 

of hip and knee osteoarthritis. Washington, DC: Department of Veterans Affairs & Department of Defense, 

USA. 

6. Royal Australian College of General Practitioners (2009) Recommendations for the non-surgical management 

of hip and knee osteoarthritis. South Melbourne, Victoria: The Royal Australian College of General 

Practitioners. 

7. Samson DJ, Grant MD, Ratko TA, Bonnell CJ, Ziegler KM, Aronson N (2007) Treatment of primary and 

secondary osteoarthritis of the knee. Evid Rep Technol Assess Sep(157):1-157. 

8. Bjordal JM, Johnson MI, Lopes-Martins RA, Bogen B, Chow R, Ljunggren AE (2007) Short-term efficacy of 

physical interventions in osteoarthritic knee pain. A systematic review and meta-analysis of randomised 

placebo-controlled trials. BMC musculoskeletal disorders. 22(8): 51. 

9. Cameron MH (2003) Physical agents in rehabilitation: from research to practice. Philadelphia: W.B. Saunders. 

10. Dantas LO, Salvini TdF, McAlindon TE (2020) Knee osteoarthritis: key treatments and implications for 

physical therapy. Brazilian Journal of Physical Therapy. 25(2): 135-146 

11. Goodgold J (1988) Rehabilitation medicine. St. Louis: C. V. Mosby Company. 

12. Stitik TP, Kaplan RJ, Kamen LB, Vo AN, Bitar AA, Shih VC (2005) Rehabilitation of orthopedic and 

rheumatologic disorders. 2. Osteoarthritis assessment, treatment, and rehabilitation. Archives of physical 

medicine and rehabilitation. 86(3 Suppl 1): S48-55. 

13. Brenneman EC, Kuntz AB, Wiebenga EG, Maly MR (2016) Does pain relate with activation of quadriceps and 

hamstrings muscles during strengthening exercise in people with knee osteoarthritis? SpringerPlus. 14(5): 463. 

14. Gaught AM, Carneiro KA (2013) Evidence for determining the exercise prescription in patients with 

osteoarthritis. The Physician and sportsmedicine. 41(1): 58-65. 

15. Goh SL, Persson MSM, Stocks J, Hou Y, Lin J, Hall MC, et al. (2019) Efficacy and potential determinants of 

exercise therapy in knee and hip osteoarthritis: A systematic review and meta-analysis. Annals of physical and 

rehabilitation medicine. 62(5): 356-365 

16. Katz JN, Arant KR, Loeser RF (2021) Diagnosis and treatment of hip and knee osteoarthritis: a review. JAMA. 

325(6): 568-78. 

17. Nordin M, Campello M (1999) Physical therapy: Exercises and the modalities: When, what, and why? 

Neurologic Clinics. 17(1): 75-89. 

18. Rogers MW, Tamulevicius N, Coetsee MF, Curry BF, Semple SJ (2011) Knee osteoarthrit is and the efficacy of 

kinesthesia, balance & agility exercise training: A pilot study. International Journal of Exercise Science. 4(2): 

124-32. 

19. Whittaker JL, Truong LK, Dhiman K, Beck C (2021) Osteoarthritis year in review 2020: rehabilitation and 

outcomes. Osteoarthritis and cartilage. 29(2): 190-207. 

20. Maly MR, Marriott KA, Chopp-Hurley JN (2020) Osteoarthritis year in review 2019: rehabilitation and 

outcomes. Osteoarthritis and cartilage. 28(3): 249-66. 

21. Davis AM (2012) Osteoarthritis year in review: rehabilitation and outcomes. Osteoarthritis and cartilage. 20(3): 

201-6. 



ISSN: 2320-5407                                                                             Int. J. Adv. Res. 9(04), 610-616 

616 

 

22. Weldon SM, Hill RH (2003) The efficacy of stretching for prevention of exercise-related injury: a systematic 

review of the literature. Manual Therapy. 8(3): 141–50. 

23. Atamaz FC, Durmaz B, Baydar M, Demircioglu OY, Iyiyapici A, Kuran B, et al. (2012) Comparison of the 

efficacy of transcutaneous electrical nerve stimulation, interferential currents, and shortwave diathermy in knee 

osteoarthritis: a double-blind, randomized, controlled, multicenter study. Archives of physical medicine and 

rehabilitation. 93(5): 748-56. 

24. Bellew JW, Beiswanger Z, Freeman E, Gaerte C, Trafton J (2012) Interferential and burst-modulated biphasic 

pulsed currents yield greater muscular force than Russian current. Physiotherapy theory and practice. 28(5): 

384-90. 

25. Bircan C, Senocak O, Peker O, Kaya A, Tamci SA, Gulbahar S, et al. (2002) Efficacy of two forms of electrical 

stimulation in increasing quadriceps strength: a randomized controlled trial. Clinical rehabilitation. 16(2): 194-

9. 

26. Burch FX, Tarro JN, Greenberg JJ, Carroll WJ (2008) Evaluating the benefits of patterned stimulation in the 

treatment of osteoarthritis of the knee: a multi-center, randomized, single-blind, controlled study with an 

independent masked evaluator. Osteoarthritis and cartilage. 16(8): 865-72. 

27. Davis AM, MacKay C (2013) Osteoarthritis year in review: outcome of rehabilitation. Osteoarthritis and 

cartilage. 21(10): 1414-24. 

28. Eftekharsadat B, Babaei-Ghazani A, Habibzadeh A, Kolahi B (2015) Efficacy of action potential simulation and 

interferential therapy in the rehabilitation of patients with knee osteoarthritis. Therapeutic Advances in 

Musculoskeletal Disease. 7(3): 67-75. 

29. Fuentes JP, Armijo Olivo S, Magee DJ, Gross DP (2010) Effectiveness of interferential current therapy in the 

management of musculoskeletal pain: a systematic review and meta-analysis. Physical Therapy. 90(9): 1219-38. 

30. Gundog M, Atamaz F, Kanyilmaz S, Kirazli Y, Celepoglu G (2012) Interferential current therapy in patients 

with knee osteoarthritis: comparison of the effectiveness of different amplitude-modulated frequencies. 

American Journal of Physical Medicine & Rehabilitation. 91(2): 107-13. 

31. Palmer ST, Martin DJ, Steedman WM, Ravey J (2004) Effects of electric stimulation on C and A delta fiber-

mediated thermal perception thresholds. Archives of physical medicine and rehabilitation. 85(1): 119-28. 

32. Zeng C, Li H, Yang T, Deng ZH, Yang Y, Zhang Y, et al. (2015) Electrical stimulation for pain relief in knee 

osteoarthritis: systematic review and network meta-analysis. Osteoarthritis and cartilage. 23(2): 189-202. 

33. Melzack R (1999) From the gate to the neuromatrix. Pain. Suppl 6: S121-6. 

34. Wall PD (1978) The gate control theory of pain mechanisms. A re-examination and re-statement. Brain: a 

Journal of Neurology. 101(1): 1-18. 

35. Komarova LA, Kirianova VV, Zabolotnykh, II, Zabolotnykh VA (1998) [The use of transcranial electrotherapy 

in the rehabilitation of osteoarthrosis patients]. Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi 

kultury. (5): 27-9. 

36. Jull G, Moore A, Falla D, Lewis J, McCarthy C, Sterling M (2015) Grieve's modern musculoskeletal 

physiotherapy. 4th ed. London: Elsevier Health Sciences UK. 

37. Lewit K (1991) Manipulative therapy in rehabilitation of the motor system. 2nd edition ed. London: 

Butterworth. 

38. DeLorme T, Watkins A (1948) Techniques of progressive resistance exercises. Arch Phys Med. 29: 263-73. 

39. Wewers ME, Lowe NK (1990) A critical review of visual analogue scales in the measurement of clinical 

phenomena. Research in Nursing & Health. 13(4): 227–36. 

40. Kendall F, McCreary E, Provance P (1993) Muscles testing and function with posture and pain. 4th ed. ed. 

Baltimore: Lippincott, Williams & Wilkins. 

41. Bennell KL, Buchbinder R, Hinman RS (2015) Physical therapies in the management of osteoarthritis: current 

state of the evidence. Current opinion in rheumatology. 27(3): 304-11. 

42. Elsner G, Nienhaus A, Beck W (1996) [Knee joint arthroses and work-related factors]. Sozial- und 

Praventivmedizin. 41(2): 98-106.  

 


