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AbstractThe definition of sarcopenia is the progressive reduction of muscle mass with declining physical ability due to loss of strength and mobility. Usually associated with aging and a sedentary lifestyle, this condition can also result from an injury or extended illness. If allowed to progress, a poor quality of life with limitation of longevity can follow. Of course, the top recommendation for correction of muscle mass loss and functional performance improvement is to advise the patient to exercise more. In some cases, this solution is not tenable, as the person may be too weak to regenerate muscle mass efficiently. Another obstacle is habit; the older population traditionally does not maintain a strong exercise regime or may not have the opportunity to do so safely. The EGWSOP (European Working Group on Sarcopenia in Older People) [1] notes that age related sarcopenia is commonly associated with other comorbid conditions such as obesity, diabetes, osteoporosis, rheumatoid arthritis, anorexia, HIV, and other chronic debilitating conditions.The aim of our prospective study was to evaluate the effects of consecutive application of HIFEM plus radiofrequency (RF) procedures transabdominally plus seated application of HIFEM in two age stratified cohorts. Fourteen patients were under the age of 60, and 16 patients were aged 60 and over. Three patients were male and 27 were female. Four weekly treatments with transcutaneous abdominal HIFEM plus radiofrequency and six twice weekly treatments of seated HIFEM alone were performed over a period of four weeks. Measurements taken included comfortable gait speed, maximum gait speed, balance, number of steps completed in two minutes, and timed up and go test (TUG). DEXA scans and bioimpedance analysis were performed.A Likert 5-point patient satisfaction survey and therapy comfort survey was completed for each patient. Treatment results were evaluated at 1 month and 3 months following completion of treatment. Mean improvement in comfortable gait speed was 32.9% and maximum gait speed increase averaged 25.9%. Timed up and go test times improved by 21.1%. The number of steps completed in a measured 2-minute time period improved by 18.4%. Balance improvement, a significant predictor of longevity, increased by a measured 11.6% in the entire group. The study noted improvement in all test values over the broad group of patients, while patients > 60 years improved more profoundly. The conclusion was that combined HIFEM plus RF treatments effectively improved 
sarcopenia, especially in the older age group. 
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IntroductionSarcopenia is the involuntary loss of muscle mass and function [2] manifesting after the third decade of one´s life. 1-2% of muscle mass is lost yearly, with up to 3% of yearly muscle mass loss occurring in geriatric age [3]. By age 80, muscle mass reduction overall is estimated to be 50%. Multiple factors play a role in sarcopenia development, including hormonal changes, a decrease in nutrition 

and activity, and an increase in inflammation [4]. However, the most physically deleterious cause of sarcopenia is the decrease in the number of neuromuscular junctions and type-II muscle fiber [5], which affects the functionality of muscles due to decreased time in force development upon activation [6]. Osteosarcopenia, defined as 
sarcopenia presenting with osteoporosis, is a common occurrence in geriatric patients [7].
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This overall decline in the musculoskeletal system contributes to adverse outcomes, such as increased incidence of falls, a decline in functionality, an increase in frailty, and mortality, with a correlation to decreased quality of life and cardiometabolic risk factors such as diabetes or hypertension [8-10]. Sarcopenia can also be used as a measurement of fragility, with the found correlation between the low core muscle area and an increased postoperative complication rate [11]. There are various ways to evaluate sarcopenia based on muscle quantity and quality [12]. The assessment of muscle quality is determined by the physical performance tests, which are considered the most valid as it shows the changes in muscle functionality [16]. Among the physical performance tests, the gait speed, timed-up-and-go test (TUG), the Berg Balance test, and the stair step test are the most common [13-15]. To assess the changes in muscle mass quantity, the bioelectrical impedance analysis (BIA) can be used [16]. The combination of qualitative and quantitative tests to assess sarcopenia is recommended [17]. For detecting the extent of osteoporosis and measuring the bone mineral density (BMD) by dual-energy x-ray absorptiometry (DXA) can be used [18].One of the ways to slow down the symptoms of sarcopenia and osteoporosis is through resistance exercise (RE) [19]. However, the drop-out rate from the training programs in older adults can be up to 33% [20], as higher age and poorer physical performance are associated with a higher drop-out rate [21]. Therefore, non-invasive HIFEM technology may serve as an alternative to exercise. The technology is based on the alternating magnetic field that 
depolarizes the motor neurons in skeletal muscle tissue, causing contractions of supramaximal nature, which cannot be achieved voluntarily [22], with the muscle tissue adapting to this workload by inducing hypertrophy [23]. The standalone HIFEM procedure was 
shown to strengthen the rectus abdominis and reduce abdominal separation [24], enhance the gluteal muscles [25], and tone the upper arm and calf muscles [26].The HIFEM technology is also used to strengthen the pelvic floor muscles (PFM) for treating urinary incontinence in both men and women, thus improving their quality of life [27,28]. To enhance the effectiveness of HIFEM technology, it has been combined with synchronized radiofrequency (RF). The heating of the muscle tissue enhances the regenerative processes through activating satellite cells (SC), muscle-delivered stem cells, which induce differentiation of the muscle fibers and increase blood flow to boost metabolic exchange [29]. The superior effects of HIFEM+RF have been shown on the abdomen [30], gluteal muscles [31], inner [32] and outer thighs [33], and upper arms [34]. Using a standalone HIFEM procedure over the pelvis and simultaneous application of HIFEM+RF over the abdomen aims to strengthen the abdominal and pelvic floor muscles, aka the core muscles.In many cultures, progressive weakness and frailty with advancing age is an expectation. Our study was performed in order 

to validate a solution which might be helpful globally for our aging population. The technologies mentioned above have established 
roles in aesthetic medicine, especially muscle toning, which infers muscle strengthening. This study investigates the effects and safety of consecutive application of synchronized application of HIFEM+RF with a standalone HIFEM procedure for possible treatment of sarcopenia. 
MethodsEligible patients (≥21 years, BMI <35 kg/m2) had their medical records screened for possible exclusion criteria defined as medical conditions contraindicating the application of electromagnetic field and radiofrequency, such as implants (metal and electronic), cardiovascular disease, malignant tumor, pregnancy, and postpartum. Thirty patients (27 women, 3 men, 26-75 years old, 
BMI 19.7-33.5 kg/m2) who met inclusion criteria were enrolled in this prospective, open-label, single-center, one-arm study. Out of the enrolled patients, sixteen (n=16) patients were above 60 years old (60-75 years old, BMI 20.5-30.4 kg/m2). All study subjects were instructed about the treatment procedure and provided written informed consent. The study protocol followed the Declaration of Helsinki. Patients were instructed to maintain their lifestyle regarding their diet and physical activity regimen. In this study, two devices were used in combination. Device A utilizes standalone HIFEM energy (EMSELLA, BTL Industries Inc., Boston, MA) to treat pelvic floor muscles. This device includes 
a chair applicator with a 2.5T generator. Patients sit upright on the applicator while fully clothed for the 28-minute treatment duration. The intensity of the HIFEM field is set according to the patient´s maximal tolerated level (0-100%). Device B utilizes the simultaneous application of HIFEM with synchronized radiofrequency (Emsculpt Neo, BTL Industries, Boston, MA) and is 
equipped with a large applicator. Patients lay on the medical table in a supine position. The large applicator is fixed with a secure belt over the abdomen for a 30-minute treatment. The HIFEM and RF intensities are set to a patient´s maximal tolerated level (0-100%). The treatment protocol included seven (n=7) treatment sessions. Four HIFEM+RF abdominal procedures spaced 5-10 days, with six standalone HIFEM procedures on the pelvic floor spaced 2-4 days, were applied. Both procedures were used consecutively at the first, third, and fifth treatment visits, starting with HIFEM+RF (see Table 1 for clarity). Two follow-up visits were scheduled 1 month and 3 months after the treatments (Table 1).
Table 1: The schedule of treatments.

Study Devices
Study Treatment Visit

1 2 3 4 5 6 7Device A (Standalone HIFEM) X X X X X XDevice B (HIFEM+RF) X X X X
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The Primary OutcomesThe primary evaluation method included five standard tests for assessing sarcopenia. First, the maximum and comfortable gait speed was evaluated by timing a 7.5-meter walk (approx. 25 feet) at a comfortable and maximal speed. The measurement unit is meters per second (m/s). The timed up-and-go test (TUG) tested the time (in seconds, s) a patient needs to get up from a chair, walk 10 feet, turn, walk back to the chair, and sit down. The balance test consisted of a total of 3 attempts. First, patients stood only on the left leg while trying to maintain balance, then the right leg, and for the third attempt, patients could choose either leg. The time (in seconds, s) was measured with a 45-second cap. The attempts were then averaged to obtain one number. The last test included measuring the number of steps (N) and simulating the stair-step test. The patients were asked to step onto a 6-inch-high platform and step off, then the number of steps was counted for two minutes. The data were collected at baseline, 1-month, and 3-month follow-up visits. 
The Secondary OutcomesThe secondary outcome was based on InBody evaluation and dual-energy X-ray absorptiometry (DXA) measurements. The InBody 770 (Cerritos, CA, USA) was used to measure the changes in skeletal muscle mass (SMM, lb) and visceral adipose tissue (VAT, cm2). DXA (Hologic Horizon W, Hologic Inc., Danbury, CT, USA) scans were used to evaluate the changes in bone mineral density (BMD, T-score). The T-score is calculated as (the patient´s BMD-young BMD mean)/SD of young [29]. There are three diagnostic categories: normal BMD (T-score≥-1.0), osteopenia (T-score<1.0 and >-2.5), and osteoporosis (T-score ≤ -2.5) [29]. Additionally, digital photographs and waist circumference were taken. Data for 
secondary outcomes were collected at baseline, at 1-month, and 3-month follow-up visits. The statistical significance was tested by One Factor ANOVA Repeated Measures with Tukey HSD post-hoc test. The significance level α was set at 5%. 
Results All patients finished the treatment sessions and both follow-up visits. No adverse events or side effects were reported or observed. The patients did not report any discomfort with the consecutive application of both devices and resumed their daily activities right after the treatments without any issues. The BMI of the subjects did not significantly change throughout the study (p-value > 0.05). 
Primary OutcomesAt baseline, the average comfortable gait speed and maximal 
gait speed were 1.4 m/s and 2.1 m/s. At 1-month post-treatment, the average comfortable gait speed increased to 1.6 m/s (+10.9%), and the maximal gait speed increased to 2.3 m/s (+5.8%). The results peaked at a 3-month follow-up visit with an average increase in comfortable and maximal gait speed by 32.9% (p-value <0.001) and 25.9% (p-value <0.001), respectively. In addition, 

patients above 60 years old showed an increase of 45.6% (p-value < 0.001) and 37.5% (p-value = 0.01) in comfortable and maximal gait speed at 3-month follow-up (for more detailed information, see Table 2). On average, patients needed 7.1s to complete the TUG test at the baseline visit. However, the time to complete the TUG test gradually reduced over 1-month and 3-month follow-up visits after the treatments, demonstrating an improvement by -16.9% (p-value < 0.001) and -21.1% (p-value < 0.001), respectively. Patients over 60 showed similar improvement to the whole group (-18.9% at 1-month follow-up, -20.6% at 3-month follow-up).For the balance test, patients (n=13) that reached the 45-second cap at baseline and both follow-up visits were excluded from the evaluation. At baseline, the patients (n=17) could hold their balance up to 22.2s on average. All evaluated patients demonstrated an improvement in balance at 1-month and 3-month follow-up. The patients could hold their balance for 23.5s at the 1-month follow-up and 28.8s (+29.7%, p-value = 0.04) at the 3-month follow-up. Patients over 60 improved their balance by +30.3% at a 3-month follow-up (p-value = 0.04). On average, patients could complete 70 steps in two minutes at baseline visits. At the 1-month follow-up, the number of steps increased by 16.4% (p-value <0.001), with an 18.4% increase at the 3-month follow-up. In addition, patients over 60 could do 20.9% more steps at a 3-month follow-up (p-value < 0.001). 
Secondary OutcomesOn average, study subjects had a circumference reduction of -3.6 cm at 1-month follow-up and -3.5 cm at 3-month follow-up (p-value < 0.001). The changes are visible in Figure 1. Due to scheduling conflicts, two patients did not undergo the InBody or DXA measurements; therefore, only 28 patients were included in evaluating InBody parameters and DXA scans. The baseline bioimpedance analysis (InBody, Cerritos, CA) measurements showed an average skeletal muscle mass of 58.7±16.8 lbs. At 1-month follow-up, patients (n=28) gained +0.5 lb of SMM, with +0.9 lb at 3-month follow-up (p-value < 0.05). Patients over 60 (n=15) showed an average SMM of 54.5±15.2 lb at baseline and gained +0.93 and +1.4 lb of skeletal muscle mass increase at 1-month and 3-month follow-up (p-value = 0.009), respectively.The evaluation of VAT showed an exciting finding. At the end of the study, 18.2% of patients with high VAT (above 100 cm2) showed a reduction in VAT and were in the normal VAT values (p-value = 0.007) at the 3-month follow-up visit. On the other hand, 25% of patients with extremely high VAT (above 160 cm2) showed a reduction in VAT and came down the range of high VAT values (p-value < 0.001) at the 3-month follow-up visit. At baseline, the DEXA measurements showed 23 patients in the normal levels of BMD, 4 in the osteopenia levels, and 1 in the osteoporosis levels. During the study, no changes were observed in the BMD (p-value > 0.05) (Table 2 & Figure 1).
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Table 2: An overview table of primary outcomes, value ± standard deviation, and percentage of change (%). For the comfortable gait speed, maximal 

gait speed, TUG test, and the number of steps, 30 subjects were included in the All group, with 16 patients in the elderly patient group. Seventeen 

(n=17) patients were evaluated for balance improvement in the All group, with 13 patients evaluated in the elderly group.

Baseline 1-Month follow-up 3-Month follow-up

All Elderly patients 
(60+ years) All Elderly patients 

(60+ years) All Elderly patients 
(60+ years)Comfortable gait speed(m/s) 1.40±0.2 1.41±0.2 1.6±0.2 (+10.9%) 1.57±0.2 (11.6%) 1.9±0.7 (+32.9%) 2.1±0.9 (+45.6%)Maximal gait speed (m/s) 2.1±0.4 2.1±0.3 2.3±0.4 (+5.8%) 2.2±0.4 (+5.14%) 2.7±1.1 (+25.9%) 2.9±1.3 (+37.5%)The TUG test(s) 7.1±1.4 7.3±1.3 5.9±1.1 (-16.9%) 5.9±1.3 (-18.9%) 5.6±1.3 (-21.1%) +5.8±1.2 (-20.6%)Balance(s) 22.2±11.1 23.1±10.7 23.5±11.7 (+5.7%) 25.9±12.1 (+12.3%) 28.8±14.0 (+29.7%) 30.1±15.1 (+30.3%)Number of steps (N) 69.9±17.2 63.1±14.4 81.4±17.6 (+16.4%) 76.8±17.0 (+21.7%) 82.8±19.2 (+18.4%) 76.3±18.8 (+20.9%)

Figure 1: A 70-years old female (BMI of 26.6 kg/m2). At 3 months the patient showed, on average, 59% improvement in the measured parameters, 

with a 55.5% increase in maximal gait speed. In addition, the photographs show improved abdominal contour.

DiscussionThis prospective study aimed to investigate the effect of consecutive application of standalone HIFEM over the pelvis and simultaneous HIFEM and radiofrequency over the abdomen to improve the symptoms of sarcopenia. The treatments were well tolerated, and patients could continue their daily activities 
uninterrupted. The muscle quality assessment through the evaluation of 5 functional tests and bioelectrical impedance analysis demonstrates the viability of the HIFEM modality for the treatment of sarcopenia. No adverse events or side effects occurred during this study. Sarcopenia is a syndrome of decline in muscle mass and function, which interferes with the daily activities of patients [30]. 

The strength of the core muscles is associated with an increase in comfortable and maximum gait speeds [31] and balance, including the step test as a measurement of dynamic balance and the TUG test [32,33]. This presented study showed a significant improvement in all primary outcomes, with more profound results in the group over 
60 years old.The result of all study participants peaked at 3-month follow-up, especially comfortable and maximum gait speeds (+32.9% and +25.9%, respectively), the TUG test (-21.1%), balance (+29.7%), and the number of steps (+18.4%). In the group with patients over 60 years old, the comfortable and maximum gait speeds (+45.6% and +37.5%, respectively), the TUG test (-20.6%), balance 
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(+30.3%) peaked at 3-month follow-up, with the number of steps test (+21.7%) peaking at 1-month follow-up. However, the favorable results were maintained with a +20.9% increase in the number of steps at 3-month follow-up. Resistance Exercise (RE) 
strengthens the muscle by stimulating muscle protein synthesis and hypertrophy [34,35]. The HIFEM+RF technology has been shown to induce hypetrophy [17], with results comparable to 12-16 weeks of intense exercise [36]. Measuring the quantitative 
increase in muscles by bioelectrical impedance analysis detected a +0.9 lb increase of SMM, with patients over 60 showing a+1.4lb increase of SMM, both at 3-month follow-up, corresponding with the improvement in functional performance of patients.Bone strengthening via resistance training is based on mechanical loading, a process of changing bone formation in response to mechanical stress [37]. However, bone strengthening may be independent of changes in BMD as BMD is just one of many determinants of bone strength [38]. This study’s strengths are the combination of five functional tests to assess muscle function and 
the bioelectrical impedance analysis to measure the changes in 

skeletal muscle mass directly. The zero drop-out rate also ensured a comprehensive statistical analysis of the changes occurring in all patients after the treatments. Although the unequal representation of male (n=3) and female (n=27) subjects was a drawback, it may be beneficial to extrapolate this research to more males. DXA for 
assessing bone strength only captures the bone mass and not bone 

size, shape, or structure, which also contributes to bone strength [38]. Future research should consider using quantitative computed tomography (pQCT) to measure changes in the bones and establish 
a control group. 

ConclusionThe evaluation of the five functional tests for sarcopenia 
assessment combined with the bioelectrical impedance analysis showed that the consecutive use of standalone HIFEM over the pelvis and HIFEM with synchronized radiofrequency over the abdomen significantly improve the functional performance of skeletal muscles in all age groups and thus battle the signs of sarcopenia, especially in patients over 60 years of age.
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