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ABSTRACT

Introduction: This case series explores a novel methodology for identifying myofascial trigger points (MTrPs) by
integrating Doppler and B-mode ultrasound with externally applied vibratory stimulation. The study aims to ad-
dress the current lack of accessible and objective tools for MTrP assessment in clinical settings.

Case presentation: Five participants were included: four healthy individuals and one post-stroke patient. A cus-
tom-designed vibration device was developed to apply mechanical stimulation to the gastrocnemius medialis
muscle, while ultrasound imaging was collected using a standardized setup. To optimize vibration signal detection
within muscle tissue, different configurations of the electrodes transmitting the vibration and the Doppler modes
(Color Doppler and Power Doppler Imaging (PDI)) were tested.

Results: PDI demonstrated superior sensitivity to vibration-induced muscle responses compared to conventional
Color Doppler. A consistent pattern was identified among healthy participants. This pattern consisted of well-de-
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fined, non-vibratory zones surrounded by vibratory regions, corresponding to hypoechoic areas on B-mode ul-
trasound. These findings are suggestive of MTrPs and distinct from other stiff anatomical structures, such as fas-
cia, tendons, or fibrotic tissue, which appear hyperechoic. In the stroke patient, pathological muscle adaptations
reduced the consistency and visibility of vibratory stimulus propagation; however, MTrP-compatible areas were
still identified. Notably, dry needling altered the Doppler signal in this case, attenuating the previously observed
pattern.

Conclusions: This proof-of-concept study demonstrates the feasibility and reproducibility of a cost-effective as-
sessment protocol that uses conventional ultrasound modes. Combining PDI, B-mode, and vibration may improve
the objective identification of MTrPs and expand capabilities in musculoskeletal practice.

Keywords: Myofascial trigger points; Diagnostic imaging; Doppler ultrasound; Vibration.

1. Introduction

The diagnosis of Myofascial Trigger Points (MTrPs) is a widely debated topic in the field of mus-
culoskeletal medicine™. The lack of accessible, objective, and reproducible diagnostic tools
continues to limit the diagnosis of MTrPs, which is usually made by palpation in clinical prac-
tice”?. Despite the usefulness and accessibility of manual palpation, it depends mainly on the
examiner's experience and cannot be used for the diagnosis of deep MTrPs"*. To date, various
studies have been published using advanced diagnostic techniques such as magnetic reso-
nance imaging®®, electron microscopy®, muscle biopsies®*¥, and elastography"**®. Due to
their high cost, complexity, and limited availability, these techniques are not suitable for routine
use in clinical practice.

In this context, musculoskeletal ultrasound has become a popular tool in rehabilitation, and
it is being increasingly used in routine clinical practice. Its portability, low cost, and real-time
capabilities for diagnostic and interventional procedures make it a promising technology""*%.
However, its use to diagnose MTrPs isinconclusive due to the lack of standardized protocols and
validated ultrasound diagnostic criteria®®%. If reliable results could be consistently obtained
using the simplest and most accessible modes available in lower-end ultrasound devices, such
as B-mode or Doppler mode, it could be immediately implemented in daily clinical practice and
would have great potential for the diagnosis of MTrPs.

Several studies have shown that MTrPs are associated with biochemical, histopathological, and
mechanical alterations, among others®**?, In the case of mechanical alterations, MTrPs have
been shown to have increased tissue stiffness. Previous elastography studies, which assess tis-
sue stiffness through its response to mechanical stimulation induced by a transducer or an
external vibration source, have shown that stiff regions alter the propagation of mechanical
waves, modifying the tissue's dynamic behavior and its representation in images**®. Based
on these findings, we propose a novel methodology combining the use of Doppler ultrasound
simultaneously with an externally applied vibratory stimulation to muscle tissue, similar to the
method used in previous research with sonoelastography!*#:¢,

The central hypothesis is that applying mechanical vibration to healthy muscle tissue will result
in the propagation of a vibrational wave that generates a detectable Doppler signal. Conversely,
regions with greater local stiffness, such as MTrPs, fibrosis, or intramuscular septa, may atten-
uate or block this mechanical transmission, resulting in the absence or focal reduction of the
Doppler signal. If these phenomena, which have already been observed in elastography, could
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be visualized using the conventional Doppler mode, this approach could be key for the objec-
tive assessment of MTrPs, allowing since this mode is included in the lower-end ultrasound
devices. However, complementary criteria would need to be developed to distinguish MTrPs
from other anatomical structures showing similar stiffness. Because of this, the combination of
Doppler with other available modes, such as B-mode ultrasound, could improve identification
using echointensity.

Although there is still controversy regarding the echogenicity of MTrPs, a recent review con-
cluded that MTrPs were predominantly identified as hypoechoic nodules with heterogeneous
echotexture®??. Therefore, the use of B-mode ultrasound offers a unique opportunity to differ-
entiate MTrPs from other structures when combined with Doppler ultrasound. The possibility
of working with B-mode and Doppler mode in two windows simultaneously in many devices al-
lows the clinician to identify stiffer areas in Doppler mode but showing a low echogenicity when
compared with fascia or tendons. Therefore, the goal of this study is to lay the groundwork for
a more accessible proof-of-concept methodology for identifying MTrPs using a combination of
the most basic modes of musculoskeletal ultrasound, which are Doppler and B-mode with an
external vibration source. This study aims to demonstrate a proof-of-concept based on a case
series format, applying this methodology as a reference for future research and methodological
improvements in MTrP assessment, also identifying methodological limitations and suggesting
directions for future research.

2. Description of the case series

2.1 Participants information

This study presents a case series to illustrate a novel methodological approach to identifying
MTrPs. Following initial testing of this novel methodology with researchers in the iHealthy re-
search group (https://ihealthy.es/), four healthy volunteers (participant #1: male, 61 years; par-
ticipant #2: male, 27 years; participant #3: male, 25 years; participant #4: female, 25 years) were
recruited to illustrate the variability in findings across individuals. Furthermore, one participant
with a stroke (participant #5: male, 75 years) was included to explore both the applicability and
the potential challenges of transferring this methodology to clinical populations characterized
by increased muscle stiffness and spasticity.

The study adhered to the ethical principles of the Declaration of Helsinki and received approval
from the Aragon Ethics Committee (Reference: C.I. PI24/215, 13 May 2024). All participants were
fully informed about all aspects related to the study in advance and provided written informed
consent.

2.2 Vibration device

Initial pilot tests were performed using tuning forks to assess the feasibility of inducing muscle
vibration detectable by Doppler ultrasound. However, significant limitations were encountered:
the vibration was not homogeneously transmitted across the target region, and its duration was
too brief to allow for scanning of the area. These constraints prompted the development of an
ad hoc vibration device, custom-designed specifically for this study (Figure 1).
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Figure 1. Final design of the vibration device.

A portable vibration device was developed following a user-centered design approach based
on expert opinion from physiotherapy researchers. The initial user analysis revealed several key
requirements: 1) the vibration must not generate discomfort to the patient, 2) vibration should
be transmitted, allowing the physiotherapist to be hands-free to use the ultrasound and adjust
the intensity of vibration, and 3) the vibration could not come into contact with the ultrasound
transducer to avoid potential damage to the probe.

The development process began with a market analysis to identify existing solutions capable of
inducing muscle vibration. Based on the findings, initial tests were conducted to assess vibra-
tory wave propagation in muscle tissue. Prototypes were subsequently assembled using sim-
ple electronic components to test basic system functionality. Once operational, the design was
refined in terms of ergonomics, functionality, and ease of use for clinical practitioners. Materi-
als and manufacturing processes were selected to facilitate transformation into a final working
prototype.

Two primary vibration sources were evaluated: sound wave-induced and mechanical mo-
tor-based vibration. The soundwave allows the finest tuning of the excitation source in terms
of frequency and amplitude, but after a few tests, it was discarded due to the noise generated
and the heating of the tissue. The final device was designed to operate under a mechanical mo-
tor-based vibration excited from 5 VDC (Direct Current Voltage) modulated using a PWM (pulse
width modulation) signal. This allows for the graduation of power that energizes the eccentric
motor in 10 vibration intensity levels. Vibration is transferred to the body using ECG patches
(Dormo Ag/AgCl) clipped to the device; this ensures a tight connection, maximizing energy
transfer from motor to tissue.

To further characterize the vibration profile of the device, an accelerometer with a 6.6 kHz sam-
pling frequency was attached directly to the motor. The resulting measurements are presented
in Table 1 and Figure 2.
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Table 1. Frequency values recorded with the accelerometer at different vibration intensity levels of the device.

Vibration intensity Frequency (Hz)
10% 303.00
20% 470.15
30% 602.95
40% 656.50
50% 701.68
60% 770.44
70% 801.92
80% 831.17
90% 883.25
100% 899.91
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Figure 2. Time-domain accelerometer signal of the vibration device, showing the stability and reproducibility of the oscillatory pattern across
intensity levels.

2.3 Data collection procedure

Ultrasound scanning was performed using a Sonophy Linear Wide Head probe, operating at a
frequency range of 7.5-10 MHz (Sonophy, Spain). To ensure image standardization and mini-
mize operator-dependent variability, a 190 cm Nineigh camera tripod was used to secure the
probein a fixed position throughout the examination, maintaining it perpendicular to the struc-
ture of interest. This setup avoided potential artefacts resulting from manual compression or
probe movement, which could otherwise affect the Doppler signal. The muscle of interest se-
lected was the gastrocnemius medialis, so the participant was positioned in lateral decubitus,
with the examined limb placed in a neutral and relaxed position. Ultrasound gel was applied
to facilitate acoustic coupling, and care was taken to avoid excessive probe pressure. The use
of the tripod ensured both consistent probe angulation and reproducibility of imaging planes
across different test conditions. The positioning of both the participant and the ultrasound
probe using the tripod setup is illustrated in Figure 3.
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Figure 3. Ultrasound probe positioning in transverse (Figure 3A) and longitudinal (Figure 3B) planes, stabilized with tripod support, with the
participant lying in lateral decubitus.

To assess the viability of the proposed methodology for detecting MTrPs, a series of explor-
atory procedures was conducted. The influence of electrode positioning was evaluated using
two configurations: 1) electrodes placed longitudinally on either side of the probe (Figure 4A);
and 2) electrodes placed transversely across the probe width (Figure 4B). In both setups, Color
Doppler and Power Doppler Imaging (PDI) modes were used sequentially to determine which
modality best captured vibration-induced motion in muscle tissue.

Figure 4. Ultrasound probe in transverse planes with electrodes placed longitudinally on each side (Figure 4A) and with electrodes aligned
transversely along the probe width (Figure 4B).
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Once the most effective method for transmitting vibration through the Doppler signal had been
established, the next step was to determine the optimal evaluation protocol for identifying MTrP
regions. Manual palpation was initially performed to palpate MTrPs in the gastrocnemius medi-
alis muscle, following the most recent international consensus criteria published in 2018, af-
ter which the muscle was subsequently assessed using the proposed ultrasound methodology.
An area within the same muscle without an MTrP served as the control site. For each examined
region, repeated measurements were conducted by systematically removing and repositioning
the ultrasound probe to assess intra-individual reproducibility. Throughout the process, multi-
ple variations were explored to identify the configuration that yielded the most consistent and
reliable imaging findings across repeated trials.

3. Results

To systematically compare the different protocols and set-ups, the vibratory response was
assessed under both Color Doppler and PDI modes across multiple electrode arrangements,
always using the maximum vibration intensity to ensure standardized evaluation conditions.
Initial comparative testing revealed that transverse electrode positioning produced the most ef-
fective and homogeneous propagation of the vibratory stimulus through the muscle. This effect
was particularly prominentin PDI mode, which outperformed Color Doppler mode in its ability
to detect subtle differences in vibratory transmission. Videos S1-4 illustrate the comparative
performance of each Doppler mode under different electrode placements.

To assess muscle tissue in both the transverse and longitudinal ultrasound planes, additional
testing was conducted to determine if the vibratory stimulus could be consistently visualized
in both orientations. We found that oblique electrode placement enabled seamless transitions
between imaging planes, eliminating the need for electrode repositioning. This setup enabled
vibration to propagate across the muscle belly in both orientations without signal loss. The
quality and consistency of this setup are shown in Videos S5-6, and the corresponding elec-
trode placements for each imaging plane are illustrated in Figure 5.

Once the optimal configuration was established (PDI mode with oblique electrode placement),
the evaluation protocol was defined. During scanning, the vibration intensity was gradually in-
creased until the entire PDI box, adjusted to its maximum size, showed uniform signal saturation.
This confirmed that the vibratory stimulus had successfully propagated across the visible muscle
area. The PDI box was then systematically moved throughout the imaging field to identify poten-
tial regions with a reduced vibratory response, which were hypothesized to represent areas of
increased tissue stiffness. The proposed identifiable pattern was defined as a well-demarcated
region lacking Doppler signal, surrounded by areas showing consistent vibratory activity. If the
non-vibratory region appeared unstable or shifted position during scanning, this was interpreted
as an artefact orinadequate transmission of the vibratory stimulus. The reproducibility of these
findings was verified through repeated measurements in each site, with the probe removed and
repositioned between acquisitions to confirm intra-individual consistency, asiillustrated in Videos
S7-8, which corresponds to the same MTrP region for the participant #1. Video ST illustrates the
first evaluation, while Video S8 shows the second assessment after the probe was removed and
repositioned, demonstrating that the identified MTrP location remained unchanged.
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Figure 5. Oblique placement of electrodes with the ultrasound probe in transverse (Figure 5A) and longitudinal (Figure 5B) planes.

Videos S9-14 present representative examples of both suspected MTrP and non-MTrP regions
under PDI mode in several healthy participants (Participants #2, #3, and #4). In all MTrP regions,
at least one well-demarcated non-vibratory zone was consistently observed, which also corre-
sponded to an area of lower echogenicity relative to the adjacent tissue. In contrast, non-MTrP
regions showed no such characteristic non-vibratory pattern; instead, vibration was more ho-
mogeneously distributed across the muscle tissue.

In the participant with stroke (Participant #5), several difficulties were observed in transmit-
ting the vibratory stimulus, which appeared unstable and failed to propagate homogeneously
across the entire muscle belly, with extensive non-vibratory regions larger than those possibly
associated with an MTrP, as illustrated in Video S15. This phenomenon may be attributable to
increased muscle stiffness and the presence of fibro-adipose tissue. Nevertheless, in certain
muscle regions, we were able to identify areas compatible with MTrPs, characterized by the
pattern of a non-vibratory zone surrounded by adjacent regions with Doppler activity, although
with less clarity due to the muscle tissue alterations (Video S16). Furthermore, in one of these
MTrP regions, we tested the application of dry needling under PDI and vibration guidance. As
shown in Video S17, after several needle insertions and subsequent removal, the Doppler ac-
tivity within the previously non-vibratory region appeared to increase, and there was no such
clear delineation.

Additionally, Videos S18-19 include representative images and videos showing the absence of
a Doppler signal in regions with increased stiffness, such as superficial and deep fascial layers,
in healthy volunteers. In all cases, these structures demonstrated the lack of a Doppler signal,
further validating the method’s ability to distinguish between tissues with different degrees of
stiffness. B-mode was used as a complement to differentiate between physiological stiff tissue,
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such as fascia, which appears as hyperechogenic structures, from stiffness potentially associat-
ed with MTrPs, which appears hypoechoic when compared with the aforementioned structures.

The vibration device did not result in any adverse events or side effects for any of the partici-
pants at any moment during the study, even when operated at maximum power.

4. Discussion

This study was designed as proof-of-concept based on a small number of cases. The primary
objective was to investigate the feasibility of a novel assessment methodology for MTrPs and
to explore any differences between musculoskeletal and neurological patients since both have
MTrPs. Despite its exploratory nature, the consistency and reproducibility of the results provide
a foundation to develop a standardized assessment approach in future research.

The proposed methodology uses a vibration source in combination with the PDI mode. Howev-
er, one limitation in clinical practice for this methodology is that the vibration device used was
specifically designed for this study, enabling precise adjustments to be made at very low inten-
sity levels. Nevertheless, the ability to objectively identify MTrPs is a significant advance and
opens up a potential avenue for future research. Specifically, confirming consistent characteris-
tics in these non-vibratory zones, such as differences in echointensity or other echotexture fea-
tures, could ultimately support the development of algorithms using B-mode imaging without
vibration, which could be integrated directly into conventional ultrasound systems. Currently,
however, B-mode ultrasound alone cannot reliably detect MTrPs due to the lack of validated di-
agnostic criteria, scarcity of quantitative assessments, subjectivity involved in interpreting gray-
scale images and limited interobserver reliability?. Future research should therefore focus on
overcoming these limitations by using advanced image processing techniques and algorithmic
approaches that can detect subtle variations in grayscale that are not distinguishable by the
human eye with sufficient accuracy or consistency.

Unlike conventional Color Doppler ultrasound, PDI encodes the intensity of the Doppler signal
rather than its velocity and direction. This feature makes PDI less dependent on the angle of the
probe and substantially more sensitive to the detection of low-flow, small-calibre vessels'>?%),
Advantages include better delineation of tortuous vessels, greater definition of intravascular
borders and superior visualization of vascular branches, which together provide a more con-
tiguous vascular map®®”. These characteristics have established PDI as the method of choice
for evaluating microvascularization in musculoskeletal conditions such as tendinopathy®”. Al-
though PDI has been used primarily to assess pathological vascularization in previous studies,
the results are consistent with those observed in the context of our methodology, providing
further evidence of the greater sensitivity and usefulness of PDI compared to Color Doppler.
The main limitation of PDI compared to Color Doppler is that it cannot estimate the direction
or velocity of flow"". However, this drawback does not affect its application in our methodolo-
gy. Furthermore, previous research has demonstrated high intra-examiner consistency and re-
liability in different Doppler modes®?, which is consistent with our own observations, showing
comparable results when probe repositioning was performed in the same participants.
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Although the use of Color Doppler mode in the context of MTrPs has been previously investigat-
ed, demonstrating alterations in blood flow"**, this is the first study to utilize PDI mode to as-
sess tissue stiffness, with the specific aim of identifying MTrPs using ultrasound. In this context,
our methodology could provide a viable alternative for low- to mid-range ultrasound devices
lacking elastography capabilities, thereby broadening the clinical application of MTrP assess-
ment. The main limitation of this study is its proof-of-concept design, which was applied to a
small number of cases. Additionally, the inclusion of a single stroke patient was intended solely
as an exploratory example to assess potential feasibility in neurologically affected muscle, and
no direct comparisons were made with healthy participants. Therefore, the results should be
interpreted with caution and understood as a basis for future research.

Moreover, the ultrasound system used in this study limited the maximum size and shape of the
Doppler box, which did not allow the use of a box that completely covered the gastrocnemius
muscle section. This would have allowed simultaneous visualization of the MTrP and non-MTrP
regions, facilitating interpretation and eliminating the need to move the box along the muscle
in search of these non-vibratory areas. Future studies using more flexible Doppler settings could
improve image coverage and pattern recognition. Although a tripod was used in this study to
ensure probe stability and minimize Doppler signal artifacts, future research should evaluate
whetherhandheld assessment, which is more consistent with daily clinical practice, can provide
equally clearand reliable results. Finally, larger, well-controlled studies are required to rigorous-
ly evaluate the diagnostic accuracy, reliability, and potential clinical utility of this approach.

5. Conclusion

This proof-of-concept study introduces a novel methodology for identifying myofascial trigger
points (MTrPs) using an external vibration source in conjunction with Power Doppler Imaging
(PDI) and B-mode ultrasound. The approach yielded consistent and reproducible findings,
suggesting that the absence of vibration-induced Doppler signal within an area that otherwise
shows Doppler signal could serve as a reliable indicator of the greater stiffness characteristic of
MTrPs.

Relying on conventional ultrasound modes available in most low- to mid-range devices, this
methodology offers a feasible and low-cost option for clinical practice. The integration of Dop-
pler and B-mode findings may facilitate the objective identification of MTrPs and contribute to
more standardized assessment protocols in musculoskeletal medicine. While PDI makes it pos-
sible to identify the areas of increased stiffness, including both MTrPs, fascias, or fibrotic tissue,
B-mode adds value by distinguishing hypoechoic MTrPs from hyperechoic fascia or fibrosis.
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Supplementary materials

Video S1: Electrodes placed longitudinally - Color Doppler

Video S2: Electrodes placed longitudinally - Power Doppler Imaging

Video S3: Electrodes placed transversely - Color Doppler

Video S4: Electrodes placed transversely - Power Doppler Imaging

Video S5: Oblique electrode placement in transverse view - Power Doppler Imaging

Video S6: Oblique electrode placement in longitudinal view - Power Doppler Imaging

Video S7: Demonstration of the evaluation methodology in an MTrP region - first recording for participant #1
Video S8: Demonstration of the evaluation methodology in the same MTrP region - second recording for participant #1
Video S9: MTrP region in participant #2

Video S10: Non-MTrP region in participant #2

Video S11: MTrP region in participant #3

Video S12: Non-MTrP region in participant #3

Video S13: MTrP region in participant #4

Video S14: Non-MTrP region in participant #4

Video S15: Unstable vibration transmission in muscle tissue affected by stroke (participant #5)

Video S16: Example of an MTrP region in stroke (participant #5)

Video S17: Changes in Doppler activity after dry needling treatment in stroke (participant #5)

Video S18: Superficial fascia without Doppler activity

Video S19: Superficial and deep fascia without Doppler activity
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