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Abstract: Vibrotherapy has been gaining popularity as a conceivable rehabilitative physical
agent modality to decrease the pain and time for proper return-to-sport. This study aimed
to assess the administration of mechanical Focal Vibration (mFV) in an adult male amateur
runner with a grade II lesion of the rectus femoris muscle. He had to stop training 2 years
ago and recently started running at least 3 days a week (5 km for 30 min/session). Five
sessions of mechanical vibration were performed (20 min application, with an approximately
30 s pause between sequential sessions) per week for 2 weeks. Four weeks after the therapy,
the lesion was healed, with an early good recovery in balance (Centre of pressure (CoP)
speed (mm/s) decreased from 70.2 ± 13 to 46.7 ± 8, CoP area (mm2) decreased from
258 ± 31 to 203 ± 25) and pain relief (NRS reduced from 8/10 to 2/10), allowing the
patient a short-term return to sport. These case report results might suggest that the use
of mFV is a safe and reliable approach for muscle injury recovery, combinable within a
multidisciplinary rehabilitation model.

Keywords: vibrotherapy; vibrational therapy; sport; muscle injury; rehabilitation

1. Introduction
Vibration therapy (VT) is a low-magnitude high-intensity physical agent modality

representing a proper way to safely deliver relevant mechanical stimuli as an option to
improve musculoskeletal strength and physical performance in the rehabilitation field [1–4].
Two wide categories of vibrating devices are available: the whole-body vibration (WBV)
approach and vibration devices locally applied, i.e., the mechanical Focal Vibration (mFV).
Both modality applications exploit a mechanical stimulation defined by a frequency (in Hz)
and by the amplitude of the oscillation generated by a peak-to-peak micrometer shift, but
the modality applications differ in area and application [5–9].
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WBV appears to increase muscle spindle activity, thus lowering the muscle activation
threshold and providing greater background tension and less disruption of excitation–
contraction coupling [10].

The mFV is able to activate single muscle fibers, selectively stimulating the Ia and
IIb fibers as well as the Golgi tendon organs with respect to a selected application fre-
quency, thus ensuring an improvement in proprioceptive response as well as in muscle
trophism [11]. Regarding the sensitivity of proprioceptors to low-amplitude vibrations
applied to muscle tendons, Ia fibers were found to be the most sensitive, responding in a
one-to-one fashion up to 180 Hz, thus firing harmonically with vibrations up to 80 Hz and
then subharmonically at higher frequencies [12]. In this scenario, with tonic contraction
of the receptor muscle, the sensitivity of the Golgi tendon organs increased in response to
the vibratory stimulus [12]. Aboutorabi et al. [13] demonstrated the positive effect of mFV
on balance and gait in the elderly; the administration of vibrating insoles in conjunction
with limited ankle and foot mFV application provided reliability. Among other things,
the mFV approach might deliver mechanical stimulation to the bone and muscle–tendon
structures, thus reproducing motion and exercise as well as influencing muscle functioning
and recovery [14].

In this scenario, numerous applications of mFV diverge based on the body areas
considered, the parameters set, the amplitude and frequency of administration, as well as,
in part, the therapist coordinating the physical therapy and any considerations subsequent
to the follow-up of short- and long-term outcomes [5]. Further, there are widespread differ-
ences between protocols in the characterization of conceivable advantageous application
properties and thus of the most active vibrational features [15].

Muscle injuries are the most prevalent type of injury encountered in sports, presenting
a significant challenge for primary care physicians and sports medicine specialists [16]. The
general process of injury and subsequent repair is remarkably consistent across various
muscle injury types; nevertheless, this process is characterized by three distinct phases: The
destruction and inflammatory phase, with a breakdown of muscle tissue and the activation
of the body’s inflammatory response, which lasts up to a maximum of 3 days. The next
phase is the repair phase; the body focuses on regenerating the damaged muscle fibers
and forming new connective tissue, which lasts for 3 to 4 weeks. Lastly, we have the
remodeling phase, which can take 3 to 6 months and involves a gradual strengthening and
reorganization of the repaired muscle tissue [17].

In elite athletes, McAleer et al. reported that the time to return to training for grade II
rectus femoris injuries ranges from 26 to 42 days [18].

The scar tissue shaped during the healing process is structurally inferior to the original
muscle fibers, making it less capable of performing the same functions and more susceptible
to re-injury. To minimize disability and promote a full recovery, current conservative treat-
ment focuses on limiting bleeding and inflammation through compression, elevation, and
local cooling. Nonsteroidal anti-inflammatory drugs (NSAIDs) are also used to reduce pain
and inflammation, while physical therapy plays a crucial role in restoring muscle strength,
flexibility, and range of motion [19]. This comprehensive approach aims to optimize heal-
ing and minimize the long-term impact of musculoskeletal injuries [20]. Turner et al. [21]
demonstrated that local dynamic loading can stimulate and influence musculoskeletal
tissue. In fact, the acute efficacy of a single WBV administration might comprise a rise
in muscular strength, power output, and jump performance [22,23]. Currently, there is
little data on the definition of vibrational recovery approaches, and these gaps provide
little reliable research regarding the characterization of the most effective and appropriate
intensities, frequencies, and application of mFV.
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Therefore, the aim of this case report was to assess the administration of mechanical
Focal Vibration, via a 2-probes application, in an adult male amateur runner with a grade II
lesion of the rectus femoris muscle.

2. Materials and Methods
This case study was conducted in accordance with the ethical guidelines outlined in

the Helsinki Declaration, ensuring the well-being and rights of the participant. The study
was also approved by the Regional Ethics Committee of Calabria (number: 267/2024),
demonstrating its adherence to ethical standards for human research.

2.1. Case Presentation

An adult male (age, 39 years; weight, 76 kg; height, 1.74 m) volunteered and gave
informed consent to participate in this study and to publish the images. This is a healthy
and trained individual; he is a runner. He had to stop training two years ago and recently
started running at least 2 days a week (5 km for 30 min/session). Two weeks later, he
wasn’t feeling well. He described a distressing muscle pain, muscle soreness, and stiffness
in the right thigh. He performed an ultrasound exam of the thigh, which showed a grade II
muscle injury of the rectus femoris. The patient came to our observation in the outpatient
service of the University Hospital of Catanzaro and the specialist prescribed him treatment
with focal vibration.

2.2. Vibratory Stimulation Technique

The mechanical perturbation was applied by a ViSS One Evolution device v5.2.13
(Manufactured by Vissman S.r.l., Rome, Italy), a device equipped with a source that releases
square wave mechano–sonic vibrations. The device further features an electromechanical
probe and incorporates a transducer, a structural support, and a control unit for square-
modulated power wave generation at a frequency of 100 Hz and a force ranging from 4 to
6 Newtons, thus resulting in a minimal displacement of 5 to 15 µm peak-to-peak [24,25].
Two probes were administered—one for the rectus femoris muscle and the other for the
vastus lateralis—through 80 mm diameter, 140 mm rectangular cups made of acrylonitrile
butadiene styrene (ABS).

The patient was instructed to sustain an isometric contraction of the targeted muscle
while the force sequences were applied. This contraction was maintained at about 50%
of the patient’s Maximum Voluntary Contraction (MVC). The experimental approach
involved delivering vibratory stimulation to the skin covering the middle third of the
injured quadriceps muscle, as illustrated in Figure 1.

In this scenario, MI followed a conventional two-week rehabilitation protocol for a
quadriceps injury to restore function and minimize pain. The first week involved rest, ice
application, and lower limb elevation. As active rest, we recommended light, pain-free
movements to maintain mobility. The second week introduced active exercises (isometric
contractions) to help preserve strength. Proprioceptive and stretching exercises improve
flexibility and prevent tightness.

Ten sessions (5 applications per week) of mechanical vibration were performed across
2 weeks (duration of each application was 20 min, pause time interval between two consec-
utive applications was approximately 30 s). The quadriceps was maintained in isometric
contraction throughout the stimulation. Measurements were performed at baseline (T0)
one day after the injury, at the end of treatment (T1), and four weeks after the end of
the treatment (T2). This particular vibratory stimulation protocol was designed taking
into account the results obtained in our preliminary study on normal subjects, where the
extensor torque was measured after vibration.



Appl. Sci. 2025, 15, 2022 4 of 8

Appl. Sci. 2025, 15, x FOR PEER REVIEW  3  of  9 
 

2. Materials and Methods 

This case study was conducted in accordance with the ethical guidelines outlined in 

the Helsinki Declaration, ensuring the well-being and rights of the participant. The study 

was also approved by  the Regional Ethics Committee of Calabria  (number:  267/2024), 

demonstrating its adherence to ethical standards for human research. 

2.1. Case Presentation 

An  adult male  (age,  39  years; weight,  76  kg;  height,  1.74 m)  volunteered  and  gave 

informed consent to participate in this study and to publish the images. This is a healthy and 

trained individual; he is a runner. He had to stop training two years ago and recently started 

running at least 2 days a week (5 km for 30 min/session). Two weeks later, he wasn’t feeling 

well. He described a distressing muscle pain, muscle soreness, and stiffness in the right thigh. 

He performed an ultrasound exam of the thigh, which showed a grade II muscle injury of the 

rectus femoris. The patient came to our observation in the outpatient service of the University 

Hospital of Catanzaro and the specialist prescribed him treatment with focal vibration. 

2.2. Vibratory Stimulation Technique 

The mechanical perturbation was applied by a ViSS One Evolution device v5.2.13 

(Manufactured  by Vissman  S.r.l., Rome,  Italy),  a  device  equipped with  a  source  that 

releases  square  wave  mechano–sonic  vibrations.  The  device  further  features  an 

electromechanical probe and incorporates a transducer, a structural support, and a control 

unit for square-modulated power wave generation at a frequency of 100 Hz and a force 

ranging from 4 to 6 Newtons, thus resulting in a minimal displacement of 5 to 15 µm peak-

to-peak [24,25]. Two probes were administered—one for the rectus femoris muscle and 

the other  for  the vastus  lateralis—through 80 mm diameter, 140 mm  rectangular cups 

made of acrylonitrile butadiene styrene (ABS). 

The patient was instructed to sustain an isometric contraction of the targeted muscle 

while the force sequences were applied. This contraction was maintained at about 50% of 

the  patient’s  Maximum  Voluntary  Contraction  (MVC).  The  experimental  approach 

involved delivering vibratory  stimulation  to  the  skin  covering  the middle  third of  the 

injured quadriceps muscle, as illustrated in Figure 1. 

 

Figure 1. Focal vibration therapy for the rectus femoris administered through probes with 80 mm 

diameter cups and a 140 mm  rectangular shape. The cups were made of acrylonitrile butadiene 

styrene (ABS), a durable, heat-resistant, and tough plastic. The lateral bearing was made of a flexible 

and resilient thermoplastic vulcanizate structure. 

Figure 1. Focal vibration therapy for the rectus femoris administered through probes with 80 mm
diameter cups and a 140 mm rectangular shape. The cups were made of acrylonitrile butadiene
styrene (ABS), a durable, heat-resistant, and tough plastic. The lateral bearing was made of a flexible
and resilient thermoplastic vulcanizate structure.

2.3. Outcome Measures
2.3.1. Pain

As a primary measure, we evaluated the reduction in pain in the treated areas, estimated
using the NRS scale that is used to evaluate the pain intensity perceived by the patient during
the clinical evaluation, with a score from 0 (no pain) to 10 (worst pain ever experienced) [26].

2.3.2. Balance

Balance was assessed by analyzing the displacement of the center of pressure from a
force plate (Biotech Corporation, Doral, FL, USA) [27,28]. The patient’s balance was assessed
using a specific protocol that involved standing on one leg under controlled conditions. Before
the test, the patient warmed up to adapt to the one-legged stance. The patient stood on one leg
for one minute, with the following specifications: knee flexed at 15◦, hip joint fully extended,
arms crossed over the chest. The Center of Pressure (COP) movement was monitored using a
platform that converted analog signals to digital at a sampling rate of 100 Hz. A low-pass filter
was applied at 1050 Hz to ensure signal clarity. The mean velocity of the COP was measured
in mm/s and the area of the COP ellipse was calculated in mm2. This method provides a
detailed analysis of the patient’s balance and stability, offering insights into their postural
control and potential areas for improvement. The COP ellipse area and mean velocity are
crucial metrics for evaluating balance performance, especially in clinical settings [29].

2.3.3. EQ-5D-5L

The EQ-5D-5L is a tool used to measure health-related quality of life. The score
consists of five aspects of health (mobility, self-care, daily activities, pain, and mood),
grading overall health via a thermometer-like visual analog scale (EQ-VAS) numbered from
0 (“worst” HRQL) to 100 (“best” HRQL) [30]. The tool can generate 3125 different health
profiles and uses a numerical score to reflect how positive or negative a person’s health
is. The tool has been shown to be reliable, with scores of 0.81 and 0.83 on two different
measures of consistency [31].

2.3.4. Ultrasound Evaluation

The evaluation of muscle improvements using panoramic B-mode ultrasound involves
the use of a sonographic device (Toshiba Aplio 400 ultrasound system, Tokyo, Japan). This
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advanced diagnostic tool was equipped with a 9 MHz linear array transducer that has a width
of 60 mm; the tool was employed by a qualified operator [32]. Panoramic ultrasound imaging
has been repeatedly demonstrated as a valuable tool for monitoring muscle injuries.

3. Results
In the first week post-injury, a joint brace was placed, locked at 0◦, and, with the

aid of Canadian canes, without putting weight on the injured side. Extended leg raises
were performed twice a day, cryotherapy three times a day, as was ankle flexion–extension
re-education. After 4 days, the patient removed the brace and performed active and
passive knee flexion up to 90◦, active and passive flexor stretching, extended leg raises, and
cryotherapy, all twice a day. After 21 days, independent walking began and he recovered
the correct gait.

The patient followed all prescribed sessions, complaining of no side effects or any
discomfort. The results are reported in Table 1.

Table 1. Outcome measure results for each timepoint.

T0 T1 T2

NRS (0–10) 8 4 2
EQ5D3L Index (0–1) 0.431 0.663 0.873
CoP speed (mm/s) 70.2 ± 13 59.5 ± 9 46.7 ± 8
Elliptic area (mm2) 258 ± 31 245 ± 24 203 ± 25

Abbreviations: CoP—Centre of Pressure; EQ5D3L—European Quality of Life 5 Dimensions 3 Level Version;
NRS—Numeric Rating Scale.

Furthermore, through ultrasound evaluation, we observed a significant improvement
in the echostructure of the recovery from muscle injury, as depicted in Figure 2.
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4. Discussion
The aim of the study was to evaluate the administration of mechanical Focal Vibration

in an adult male amateur runner with a grade II lesion of the rectus femoris muscle.
In the last years, VT has been gaining popularity as a possible post-exercise recovery
modality to reduce pain and muscle soreness [33,34]. The increase in blood flow from
WBV could accelerate the recovery process by increasing oxygen delivery, raising muscle
temperature, and enhancing the removal of waste products that inhibit tissue repair [35–37].
However, the efficacy of WBV for post-exercise recovery remains equivocal; acute WBV
showed no benefit on running performance recovery or metabolism following high intensity
intermittent running, whereas a repeated bout of WBV following downhill running reduced
muscle soreness and muscle inflammation [33,38].
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The recovery time for mild to moderate muscle injuries usually ranges from 1 to
4 weeks. Severe injuries, however, can require up to 9–12 months to heal completely;
furthermore, some factors have a negative impact on recovery: involvement of the tendon
tissue, proximity of the injury to the bone, length and sectional area of the lesion [39,40].

In this scenario, four weeks after the therapy, the lesion was healed, in line with the
healing times demonstrated in the literature; however, we believe it is very interesting to
underline the early good recovery in balance (as demonstrated by the reduction in CoP
speed (mm/s) from 70.2 ± 13 to 46.7 ± 8 when asking the patient to stand on one leg for
20 s with eyes closed and the knee flexed at 15◦, the hip joint fully extended, and with arms
crossed over the chest) and the relief of pain (VAS reduced from 8 to 2) which occurred
from T0 to T2, allowing the patient a return to sport in a short time.

Regarding muscle recovery and proprioception, the adjunct of mFV to conventional
physical therapy highlighted that mFV effectively enhances muscle recovery and balance
awareness of the participant. Major findings might suggest that mFV could be considered
as safe an approach as other physical agent modalities, such as shortwave diathermy
or neuromuscular electrostimulation [41]. In this scenario, mFV might influence motor
coordination and performance [42]. Finally, mFV may produce short-term recovery effects
as early as 60 min after the end of treatment, perhaps suggesting its potential for rapid
recovery and rehabilitation from muscle injury [43].

This case report has some strengths. To the best of our knowledge, no previous study
has evaluated the administration of mechanical focal vibration on a grade II muscle injury.
The safety of the approach could suggest a relative expansion of the sample; furthermore,
the method could reduce the use of pharmacological or minimally invasive therapies,
especially in professional sports contexts.

Nonetheless, this study has some limitations. First, it was presented as a case report,
which does not provide substantial evidence. Second, it was not possible to investigate the
organic and structural improvements in muscle recovery, but only the functional outcomes.
Third, the subject included in the study was a senior amateur athlete, so the results might
not be generalizable to younger professional subjects.

5. Conclusions
Taken together, the findings of this case report showed that an appropriate mFV might

show potential effectiveness in terms of recovery from a grade II rectus femoris muscle
injury in a senior runner. Overall, major findings demonstrated a safe role of mFV in
sports rehabilitation, particularly in improving pain perception, proprioception, and motor
coordination recovery. Major findings suggested that mFV might offer safe physical agent
modalities, with noticeable results in a relatively short timeframe.

Further observation studies with larger sample sizes and longer follow-up periods
should be performed to provide further evidence on this novel rehabilitative approach in
sportsmen with muscle injuries.
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