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Abstract

Background: Latent myofascial trigger points (MTrPs) are clinically relevant because they
lower local pressure pain thresholds (PPTs), can perturb motor control, and may sustain
shoulder symptoms even when overt pain is absent. However, even if previous studies
assessed stiffness and mechanosensitivity differences between MTrPs and asymptomatic
regions, objective patient-level cut-offs and diagnostic-accuracy metrics to distinguish
latent MTrPs from adjacent asymptomatic tissue are lacking. Objective: To quantify the
diagnostic accuracy of pressure algometry (PPT) and shear-wave elastography (SWE) for
distinguishing latent M TrPs from adjacent asymptomatic tissue. Methods: A single-center
cross-sectional study was conducted including 76 volunteers with >1 latent infraspinatus
MTrP (assessed by following the current Delphi consensus criteria). The most sensitive
latent MTrP and a control site 2 cm cranial was measured on the dominant side infraspinatus
muscle in each participant. PPT and SWE were acquired with a standardized protocol
(long-axis imaging, anisotropy control, minimal probe pressure; three captures per site;
1 cm rectangular ROIL; operator blinded to site type). ROC analyses estimated areas under
the curve (AUCs), Youden-optimal cut-offs, sensitivity, specificity, and likelihood ratios
(LR+/—). Results: Latent MTrPs showed lower PPTs than controls (p < 0.001) and higher
stiffness (shear modulus: p = 0.009; shear-wave speed: p = 0.022). PPT yielded AUC = 0.704
with an optimal cut-off of 47.5 N (sensitivity 0.75; specificity 0.592; LR+ 1.84; LR— 0.42),
outperforming SWE metrics (shear modulus AUC 0.611; cut-off 23.6 kPa; sensitivity 0.632;
specificity 0.605; LR+ 1.60; LR— 0.61; shear-wave speed AUC 0.601; cut-off 2.55 m/s;
sensitivity 0.592; specificity 0.632; LR+ 1.61; LR— 0.65). Conclusions: In the infraspinatus,
PPT provides moderate discrimination between latent MTrPs and adjacent asymptomatic
tissue, whereas resting SWE—despite small mean differences—exhibited lower accuracy.
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These findings support mechanosensitivity as a primary measurable signal and position
SWE as an adjunct. External validation across devices and operators, and multivariable
models integrating sensory, imaging, and clinical features, are warranted.

Keywords: diagnostic accuracy; myofascial pain syndrome; myofascial trigger points; pain
pressure threshold; shear wave elastography; ultrasound imaging

1. Introduction

Myofascial pain syndrome (MPS) is a regional musculoskeletal condition in which
pain and dysfunction arise from myofascial trigger points (MTrPs, which are defined as
hyper-irritable foci embedded in palpable taut bands of muscle) [1-3]. On examination,
these MTrP loci are distinctly hypersensitive and can reproduce the patient’s symptoms
and provoke non-dermatomal referred pain; motor impairments and occasional autonomic
signs may accompany the sensory picture [4]. Clinically, MTtPs form a spectrum with two
phenotypic expressions (active and latent) that share a common substrate yet differ in how
they manifest to patients and examiners [5,6].

Active MTrPs are those for which mechanical stimulation (typically flat or pincer
palpation within a taut band) elicits the patient’s familiar, recognizable symptoms. This
reproduction may include the same quality and distribution of pain for which the patient
sought care, along with the characteristic, non-dermatomal spread from a discrete muscular
source. Patients with active points frequently report spontaneous pain at rest or during
ordinary movements, and they often demonstrate measurable functional deficits such as
reduced range of motion, pain-inhibited weakness, and movement avoidance. In some
regions, activation can provoke autonomic accompaniments (e.g., mild vasomotor or sudo-
motor changes) that further differentiate the clinical picture. From a pathophysiological
standpoint, active points are thought to generate a more intense and sustained nociceptive
barrage, which can contribute to segmental hyperexcitability and features of central sensiti-
zation, helping to explain disproportionate pain intensity and after-sensations in certain
individuals [7-9].

On the other hand, latent MTrPs occupy the same anatomical niche (a tender, hypersen-
sitive spot within a taut band) but do not reproduce symptoms that the patient recognizes
as their usual complaint when palpated [9]. At rest they are typically asymptomatic or pro-
duce only local discomfort when provoked; nevertheless, they are not clinically inert [10].
Latent points can restrict extensibility, alter muscle recruitment timing, diminish strength
endurance through reflex inhibition, and degrade motor control, thereby predisposing
to overload of adjacent tissues and perpetuation of faulty movement patterns [11,12]. In
daily life, they are often unmasked by sustained low-level loading, prolonged posture, or
unaccustomed effort, at which point they may transition toward an active presentation if
peripheral and central facilitators align [7-9].

In practice, in order to improve consistency, the latest update [13] recommends iden-
tifying MTrPs using a small cluster of converging signs (presence of a taut band, a hy-
persensitive spot within that band, and referred pain or sensation when provoked) while
recognizing that individual referral patterns vary and should not be treated as rigid,
muscle-specific “maps.” Within this framework, the active-latent label becomes a clinically
meaningful modifier that signals expected symptom behavior and informs priorities for
assessment and follow-up. Since objective and adjunctive assessments can contextualize
(but not replace) clinical evaluation, instrumental physical assessments are of interest as
complementary procedures during the diagnosis.
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For instance, pressure algometry is a quantitative sensory testing method used to
objectively assess mechanical pain sensitivity in soft tissues [14]. It measures the pressure
pain threshold (PPT), defined as the minimal amount of pressure that elicits a transition
from a sensation of pressure to one of pain [15]. Using a handheld algometer, pressure
is applied at a constant rate perpendicularly to the skin surface over specific anatomical
sites until the subject reports pain onset. The PPT reflects both peripheral and central
sensitization phenomena [16]. Owing to short testing time [17], and good intra- and inter-
rater reliability [18], pressure algometry has become a widely accepted and reproducible
tool for quantifying deep tissue mechanosensitivity in musculoskeletal research and clinical
practice [19].

On the other hand, tools like shear-wave elastography (SWE, an ultrasound-based
imaging technique that quantifies tissue mechanical properties by measuring the propa-
gation speed of shear waves generated by acoustic radiation force [20]) provide objective
measures of muscle stiffness. The velocity of these shear waves is directly related to tissue
stiffness: faster propagation indicates greater stiffness, which can be expressed either as
shear-wave speed (m/s) or as shear modulus (kPa) through shear modulus conversion [21].
Given that two of the five mandatory diagnostic criteria for MPS (presence of a taut band
and tenderness within the MTrP) are directly related to tissue stiffness [13], SWE emerges as
a promising tool as provides objective, quantitative, and spatially resolved maps of tissue
elasticity (unlike manual palpation [22]), making it particularly useful for characterizing
the mechanical environment of MTrPs .

Given the clinical relevance of latent MTrPs [23,24], and acknowledging that several
investigations [25,26] have already contrasted PPT and SWE derived stiffness between
latent points in the infraspinatus and nearby asymptomatic tissue, the current evidence
base still stops short of what clinicians ultimately need: patient-level classification metrics.
Although prior work has shown that PPTs are lower over latent MTrPs than over control
sites, whereas SWE often fails to demonstrate localized stiffness differences within the in-
fraspinatus [25,26], those studies concentrated on mean contrasts and reliability rather than
on test performance indices. Therefore, the aim of this study is to determine the diagnostic
accuracy of both pressure algometry and shear wave elastography to discriminate latent
MTrPs from asymptomatic regions within the infraspinatus muscle.

2. Materials and Methods
2.1. Study Design

We carried out a cross-sectional, observational investigation to examine the PPT and
muscle stiffness cut-off points for differentiating latent myofascial trigger points (MTrPs)
and asymptomatic regions within the infraspinatus muscle. The study was conducted in
a physiotherapy clinic and followed STARD recommendations [27] as well as SQUIRE
2.0 guidance [28]. Participant rights were protected in accordance with the Declaration of
Helsinki, and a local ethics committee approved the protocol.

2.2. Participants

Eligibility required the presence of at least one latent infraspinatus MTrP identified per
the most recent Delphi consensus [7,29] (i.e., a palpable taut band within skeletal muscle
containing a hypersensitive spot that is tender to palpation and may provoke localized
discomfort). Volunteers provided written informed consent prior to enrollment.

Exclusions comprised: age <18 or >65 years; current use of medications that could
alter muscle tone; prior shoulder or spine surgery; traumatic injuries; neuropathies; serious
medical comorbidities; active MTrPs (those for which mechanical stimulation elicits the
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patient’s familiar, recognizable symptoms [7]); clinically meaningful left-right asymmetries
in posture, structure, or function; and widespread pain disorders such as fibromyalgia.

The minimum sample size required for adequate statistical power was calculated based
on the recommendations for diagnostic accuracy studies provided by Hajian-Tilaki [30],
which is based on the formula n = Z? x pl—p)/ d? for estimating a single proportion with
a specified confidence interval width. In this formula, Z is the standard normal deviate
corresponding to a 95% confidence level (1.96), p is the expected proportion (sensitivity or
specificity), and d is the desired half-width of the confidence interval (precision). Consider-
ing that a sensitivity of at least 0.75 represents a “good” diagnostic performance [31], an
expected sensitivity of 0.75 and a desired precision of +0.10 were assumed. Substituting
these values into the formula, results indicate that 73 participants would be required to
estimate sensitivity with 95% confidence and £10% precision.

2.3. Procedures: Determining the Presence of Latent Trigger Points

A first single clinician with >10 years of practice identified and classified MTrPs in all
participants. Subjects lay prone with arms alongside the trunk and the shoulder maintained
in neutral to limit passive stretch that could influence SWE measurements. The examiner
surveyed the dominant infraspinatus using flat palpation and applied the established latent
MTtP criteria.

To avoid dependence among observations and inflated precision from correlated
bilateral measurements, only one side (the dominant side) was assessed, improving stan-
dardization across right- and left-handed individuals.

When multiple latent MTrPs were present, the most symptomatic site was selected
and marked with a blue skin pen. A control site was also marked 2 cm cranial to the MTrP
on different fibers (in the infraspinatus muscle, fibers run predominantly in a medio-lateral
orientation. Therefore, a 2 cm cranially displacement occurs along the longitudinal axis
of the fibers, ensuring that the control point corresponded to a different set of fibers and
not the same taut band [32]). This 2 cm spacing was chosen (1) in light of prior work
demonstrating spontaneous electrical activity within MTrPs (which is absent at nearby
control sites ~1 cm away) and significant between-site differences in mechanosensitivity
at fixed 1 cm offsets [33] and (2) to minimize the likelihood of mechanical overlap within
the same taut band, given the anatomical thickness and fascicular arrangement of the
infraspinatus in this region [34]. The examiner verified that this control location did not
meet the criteria for a second latent MTrP.

Because both marks were identical and the ultrasound operator was not told which
was the MTrP versus control (nor the rationale for the locations), effective blinding was
achieved. A schematic representation of this procedure is illustrated in Figure 1.
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Figure 1. Schematic illustration of the latent MTrP and control point location within the infraspinatus

muscle.

2.4. Assessments: Pain Pressure Thresholds

PPTs at the MTrP and control locations were obtained with a digital algometer (Com-
mander™, JTECH Medical Industries Inc., Midvale, UT, USA; 1 cm tip) by the US op-
erator, applying pressure at ~5 N/s. Participants received standardized instructions to
say “now” at the first sensation of pain (as opposed to pressure). For each site, the mean
of three trials was used in analyses. To minimize bias, a second single operator was
blinded to the recorded PPT values; the palpating examiner documented the readings
independently without feedback. This procedure showed to be acceptably reliable in both
locations (latent MTrPs had an intraclass correlation coefficient ICC = 0.840; 95% Confidence
Interval 0.692-0.917 and asymptomatic locations ICC = 0.875; 95% Confidence Interval
0.759-0.935) [25].

2.5. Assessments: Muscle Stiffness

The procedure to obtain SWE was previously tested and showed excellent intra-
examiner reliability (ICC > 0.95) and good and inter-examiner reliability (ICC > 0.8) [25].
Image acquisition and measurements were performed by a third single examiner with
>10 years’ experience in musculoskeletal ultrasound and >5 years using SWE. Scans were
obtained on a Canon Aplio A with a PLT-1005-BT 14L5 linear probe (5-14 MHz). Standard-
ized console settings were used throughout (frequency 11 MHz, gain 78 dB, dynamic range
75 dB). Participants were positioned as during palpation and instructed to relax to avoid
contraction-related morphological bias.

The transducer was placed over the marked landmarks for both MTrP and control
sites with three priorities: (1) rotate to acquire a longitudinal view of the infraspinatus;
(2) control anisotropy by aligning the beam parallel to muscle fibers; and (3) apply minimal
pressure to prevent tissue deformation. With the probe maintained in position, three images
per site were captured at ~5-s intervals. Each image was analyzed using a rectangular
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region of interest 1 cm in width and sufficiently tall to include the full muscle thickness
while excluding superficial fascia and the underlying bone. The three SWE values per site
were averaged for analysis and for assessing intra-rater reliability.

2.6. Statistical Analyses

Data processing and analyses were performed in IBM SPSS Statistics v29.1.1 for
Mac OS (Armonk, NY, USA). All tests were two-tailed with o« = 0.05. Distributional
assumptions for continuous variables were inspected visually (histograms, Q-Q plots)
and with Shapiro-Wilk tests. Descriptive statistics summarized participant characteristics
and site-level measures (pressure pain threshold, PPT; shear-wave elastography, SWE).
Normally distributed variables are reported as mean + SD; otherwise as median.

Because each participant contributed a paired set of sites (latent MTrP vs. asymp-
tomatic control) on the dominant side, within-subject differences in PPT and SWE were
examined using paired Student’s t-tests.

Diagnostic accuracy was evaluated with receiver operating characteristic (ROC) analy-
ses using site type (latent MTrP = positive; control = negative) as the criterion. Separate
ROC curves were generated for PPT and SWE. The area under the ROC curve (AUC)
with 95% confidence intervals quantified discrimination, with AUC > 0.70 interpreted as
acceptable performance [35]. The optimal cut-off for each marker was determined by maxi-
mizing Youden’s | (sensitivity + specificity — 1) [36]. At the selected cut-offs, we reported
sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR—), and their 95%
CIs. Validity was deemed acceptable when sensitivity was >70% and specificity >50% [37].
Where relevant, AUCs for PPT and SWE were compared using DeLong’s test for correlated
ROC curves. Directionality was handled so that lower PPT (greater mechanosensitivity)
and higher SWE (greater stiffness) were coded to reflect higher probability of an MTrP;
when necessary, variables were reversed for consistent ROC interpretation. In addition,
precision—recall curves were plotted to display the relationship between positive predictive
value (precision) and sensitivity (recall) across thresholds. The overall model quality metric
corresponds to the area under the precision-recall curve (average precision), where higher
values denote greater discriminative capacity and 0.5 reflects random classification.

3. Results

From a total of 80 individuals who were initially screened for participation, n = 4
participants were excluded because of presence of MTrPs. The remaining volunteers
(n =76, 63% females) met the eligibility criteria and were analyzed with no data losses.
Regarding the demographic characteristics of the sample, participants had a mean age of
20.9 £ 4.2 years, a height of 1.72 £ 0.09, a weight of 65.2 &= 11.6 kg and a body mass index
of 21.8 + 2.7 kg/m?.

PPTs and muscle stiffness mean scores and differences between asymptomatic lo-
cations and latent MTrP are summarized in Table 1. The agreement between the three
PPT measurements was good, with ICC = 0.81 (95% CI 0.66-0.90) for latent MTrPs and
ICC = 0.86 (95% CI 0.74-0.93) for asymptomatic control sites. Latent infraspinatus MTrPs
showed clear sensory and mechanical distinctions from adjacent asymptomatic tissue.
Pressure algometry values were significantly lower at latent points than at control sites
(49.7 £20.9 vs. 69.3 £ 30.8 N; mean difference 19.6 N, 95% CI 11.1-28.0; p < 0.001), indi-
cating greater mechanosensitivity. SWE-derived stiffness measures also differentiated the
sites: shear modulus was higher at latent points (34.8 &= 25.6 vs. 26.3 £ 11.7 kPa; mean
difference 8.6 kPa, 95% CI12.2-15.0; p = 0.009), and shear-wave speed was likewise increased
(2.96 £ 1.17 vs. 2.62 & 0.87 m/s; mean difference 0.34 m/s, 95% CI 0.01-0.67; p = 0.022).
Although the stiffness metrics (particularly shear modulus) exhibited greater dispersion
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and therefore some overlap between conditions, the direction of effects was consistent
across all measures. Expressed relative to control means, latent points demonstrated ~28%
lower PPT, ~33% higher shear modulus, and ~13% higher shear-wave speed.

Table 1. Pain pressure thresholds and shear wave elastography assessment for infraspinatus latent
MTrPs and control locations.

Pressure Algometry Muscle Stiffness

™) Shear Modulus (kPa) Shear Wave Speed (m/s)
Latent MYOf(ZSC_I‘gg“gger Point 49.7 +20.9 348 + 25.6 2,96 +1.17
Control Point 69.3 + 30.8 263+ 117 2.62 +0.87
(n=76)
Difference
Mean (95% Confidence Interval) 196 (11:1:280) p < 0.001 8.6 (2.2;15.0) p = 0.009 0.34 (0.01;0.67) p = 0.022
Cohen’s d 0.74 (0.42;1.06) 0.41 (0.10;0.71) 0.33 (0.02,0.63)

As summarized in Table 2 and visualized in Figure 1 (ROC curve, precision-recall
curve and overall model quality for SWE) and Figure 2 (ROC curve, precision-recall curve,
and overall model quality for pressure algometry), pressure algometry provided the most
accurate single-marker discrimination between latent infraspinatus MTrPs and matched
control sites. The AUC for algometry was 0.704 (95% CI 0.622-0.786; p < 0.001), exceeding
the performance of both SWE metrics—shear modulus (AUC 0.611, 95% CI 0.521-0.701;
p = 0.015) and shear-wave speed (AUC 0.601, 95% CI 0.511-0.692; p = 0.027). At the
Youden-optimal cut-offs (47.5 N for algometry, 23.6 kPa for modulus, and 2.55 m/s for
speed), sensitivity /specificity were 0.75/0.592, 0.632/0.605, and 0.592/0.632, respectively,
yielding LR+ values of 1.84, 1.60, and 1.61, and LR— values of 0.42, 0.61, and 0.65. In
practical terms, a positive algometry result produces a modest increase in the probability of
a latent MTrP, while a negative algometry result provides the best rule-out value among
the three measures. The graphical displays mirror these estimates: in ROC space (Figures 2
and 3), the algometry curve lies farther from the diagonal than either SWE curve, and
in the precision-recall panels the overall model quality is visibly higher for algometry
(~0.62) than for SWE (~0.51-0.52), which hovers just above the baseline precision (~0.50).
Together, Table 2 and Figures 1 and 2 indicate that algometry is the most informative
adjunct for classifying latent MTrPs versus adjacent asymptomatic tissue, whereas SWE—
though statistically significant—offers only small stand-alone diagnostic shifts and should
be interpreted in conjunction with clinical criteria.

Table 2. Diagnostic accuracy analyses for pressure algometry and muscle stiffness in discriminating
latent MTrP and asymptomatic muscle locations.

Muscle stiffness

Pressure Algometry

Shear Modulus Shear Wave Speed
ROC Value 0.70 0.61 0.60
95% Confidence Interval 0.62-0.79 0.52-0.70 0.51-0.69

Optimal cut-off 47.5 23.6 2.55
Significance <0.001 0.015 0.027

Sensitivity 0.75 (0.64;0.84) 0.63 (0.51;0.74) 0.59 (0.47:0.70)

1 — Specificity 0.59 (0.48;0.69) 0.61 (0.49;0.71) 0.63 (0.51;0.73)
Youden Index 0.34 0.24 0.22

LR+ 1.84 (1.36;2.49) 1.60 (1.17;2.18) 1.61 (1.17;2.23)

LR— 0.42 (0.29;0.61) 0.61 (0.44;0.85) 0.65 (0.48;0.88)
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Figure 2. Discrimination of shear-wave elastography metrics for latent myofascial trigger points.
Receiver operating characteristic (left) and precision—recall (right) curves for shear modulus (blue)
and shear-wave speed (maroon), with the diagonal line indicating no discrimination and the dashed
red line in the PR panel marking baseline precision (~0.50). Areas under the ROC curve were 0.611
for shear modulus and 0.601 for shear-wave speed (both p < 0.05). The “Overall Model Quality” bars
(bottom) show values near 0.51-0.52, indicating only modest improvement over chance. Optimal
cut-offs and operating characteristics are reported in Table 2.
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Figure 3. Diagnostic performance of pressure algometry for identifying latent myofascial trigger
points. Receiver operating characteristic (left) and precision-recall (right) curves for pressure algom-
etry (blue). The ROC AUC was 0.704 (95% CI 0.622-0.786; p < 0.001), exceeding the performance
of the SWE metrics shown in Figure 1. The “Overall Model Quality” (bottom) is ~0.62, consistent
with stronger precision across a broad recall range relative to SWE. The Youden-optimal cut-off was
47.5 N; corresponding sensitivity, specificity, and likelihood ratios are detailed in Table 2.

4. Discussion

Diagnosis has historically rested on careful palpation supplemented by characteristic
history, but subjectivity and inter-examiner variability have limited consistency [38—43].
Earlier frameworks enumerated major features (spontaneous regional pain, referred pain, a
taut band with a tender nodule, reduced range of motion) and minor features such as pain
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reproduction on pressure, a local twitch response, or relief after stretch or injection [13].
Because isolated signs vary in reliability, a multinational Delphi process proposed a prag-
matic core cluster of three elements for identifying a trigger point [7,29]: a taut band, a
hypersensitive spot, and referred pain, with the clinical separation of active and latent
points based on whether palpation reproduces the patient’s familiar symptoms. The panel
also clarified that referred phenomena may include a spectrum of sensations (deep ache,
spreading pain, tingling, or burning) and cautioned against assuming fixed “X-mark”
locations or rigid referral maps for each muscle. Reliability data suggest that identifying a
taut band and a hypersensitive spot achieves moderate to near-perfect agreement in some
settings, whereas the twitch response is poorly reliable and best treated as confirmatory
rather than essential [38—43].

To the authors” knowledge, this is the first report quantifying the diagnostic accuracy
of pressure algometry and SWE to calculate the optimal cut-off point for differentiating
latent MTrPs from asymptomatic locations within the infraspinatus muscle and providing
sensitivity, specificity and positive/negative likehood ratio metrics. Diagnostic-accuracy
designs are indispensable because all downstream treatment decisions hinge on whether
a test correctly classifies patients; when diagnoses are wrong, even proven therapies
can be ineffective or harmful. The distinction among active MTrPs, latent MTrPs and
asymptomatic regions within muscles also carries practical implications. Active points
are more likely to be the immediate drivers of a patient’s pain experience and functional
limitation, often correlating with lower local pressure pain thresholds and broader sensory
hypersensitivity [23]. Latent points, while not the primary pain generators at the time
of examination, may act as load-sharing liabilities that impair movement quality and
resilience; they can also serve as a reservoir from which active points emerge under stress,
sleep deprivation, or sustained mechanical demand [44,45].

Indeed, discriminating latent MTrPs from truly asymptomatic muscle is clinically
consequential rather than academic. Latent M TrPs can disturb motor recruitment, accelerate
fatigue in agonists, and heighten antagonist activity, functioning as load-sharing liabilities
and potential precursors of active, symptomatic foci [13]. Therefore, treating a latent
infraspinatus MTrPs alongside its paired active point reduces pain and irritability of satellite
MTxrPs in the referred area, underscoring their system-level impact [23,44].

While discriminating active MTrPs from matched control regions is comparatively
more straightforward (because, in addition to the biochemical milieu [46], symptom recog-
nizability on palpation raises the pretest probability and typically yields larger between-site
differences in mechanosensitivity [10]) the distinction between latent MTrPs and truly
asymptomatic tissue is inherently more challenging. Latent MTrPs share the same palpable
substrate (a hypersensitive spot within a taut band) yet do not reproduce the patient’s
familiar symptoms, which results in smaller effect sizes, greater distributional overlap,
and modest stand-alone likelihood ratios for objective adjuncts [47]. Consequently, estab-
lishing cut-points for objective adjuncts (e.g., PPT and SWE) with quantified sensitivity,
specificity, and likelihood ratios against a Delphi-based reference is a necessary step to
separate latent MTrPs from adjacent asymptomatic tissue in a way that is reproducible and
clinically actionable.

Our results demonstrated that pressure algometry reached only acceptable accu-
racy, whereas SWE metrics were weaker, underscoring why explicit cut-offs and properly
reported accuracy indices are needed beyond group-mean contrasts. This aligns with
expert consensus that no single sign is pathognomonic and that MTrP identification should
rely on a small cluster of findings rather than rigid maps, further justifying the present
study’s focus on diagnostic-accuracy methodology. These results should be contrasted
with a previous observational study assessing stiffness differences between latent MTrPs
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with asymptomatic control locations within the infraspinatus muscle and analyzing the
correlation between PPTs and muscle stiffness [26]. In this study, latent MTrPs exhibited sig-
nificantly lower PPTs than adjacent asymptomatic sites in both men and women, while SWE
revealed no between-site or between-sex differences in resting muscle stiffness. Notably,
greater stiffness correlated with higher PPTs (i.e., less mechanosensitivity), challenging the
assumption that latent MTrPs are mechanically stiffer at rest. In contrast, our diagnostic-
accuracy study, with a larger sample, replicated the PPT hypersensitivity and additionally
detected small but statistically significant increases in SWE metrics at latent sites, yet these
mechanical differences translated into only modest stand-alone discrimination compared
with algometry.

Methodologically, both studies used identical acquisition protocols and blinding,
so the divergent stiffness results likely reflect differences in statistical power (n = 40 vs.
n = 76), analytic focus (group contrasts and correlations vs. ROC-based classification),
and variance structure: a positive across-subject correlation between stiffness and PPT can
coexist with within-subject site differences that are small in magnitude and easily diluted
in smaller samples. Despite these differences and from a clinical perspective, both datasets
converge on the same message: in the context of this study (with a sample of young and
asymptomatic volunteers), PPT captures the core signal of latent MTrPs, while resting SWE
changes are subtle and context-dependent, best interpreted as adjuncts rather than primary
diagnostic criteria.

Limitations

Several limitations should be acknowledged. This was a single-center study with
a relatively young, convenience sample and was not powered for sex-stratified or side-
specific analyses, which may limit generalizability. Latent MTrPs were identified by a
single examiner (with no inter-examiner reliability data for MTrP diagnosis) and based
on clinical criteria rather than a universally accepted gold standard, introducing potential
misclassification and spectrum bias (especially because contrasts were restricted to latent
sites versus asymptomatic controls, without active MTrPs or other shoulder pathologies).
SWE acquisitions captured passive stiffness at rest using a single vendor and probe; despite
strict standardization, SWE is sensitive to transducer pre-load, fiber orientation, ROI place-
ment, and anisotropy, so residual measurement error and device-specific effects cannot be
excluded and any proposed cut-offs may not transfer across systems or protocols. In addi-
tion, PPT and SWE thresholds and ROC estimates were derived and evaluated in the same
dataset without external validation or calibration, increasing the risk of optimism; we did
not explore multivariable models that combine mechanosensitivity with elastographic or
clinical covariates. Finally, the cross-sectional design precludes inference about prognostic
utility or treatment responsiveness; dynamic or contraction-dependent stiffness was not
examined, and thresholds were not linked to clinically meaningful outcomes (gaps that
future multi-center, pre-registered studies should address).

5. Conclusions

This study found that pressure algometry demonstrated acceptable ability to distin-
guish latent myofascial trigger points from adjacent asymptomatic infraspinatus tissue
(AUC 0.704, optimal cut-off 47.5 N, sensitivity 0.75, specificity 0.592; LR+ 1.84, LR— 0.42),
whereas shear-wave elastography, despite small but statistically significant between-site
differences, showed only modest stand-alone discrimination (AUC 0.601-0.611). Taken
together, these findings reinforce mechanosensitivity as an important measurable signal of
latent MTrPs and position resting elastographic stiffness as an adjunct rather than a primary
diagnostic criterion. Clinically, PPT may support standardized palpatory examination
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to improve classification of latent MTrPs, while SWE may add contextual information in
equivocal cases or research settings. Future work should externally validate these cut-offs
across devices and operators, explore multivariable models that combine mechanosen-
sitivity with imaging or clinical covariates, and determine whether thresholds relate to
prognosis or treatment response.

Author Contributions: Conceptualization, M.D.K,, R.0.-5,,5.5.-]., MK, D.K,, GM.-D., ].A.V.-C., and
M.L.-R;; methodology, M.D.K,, R.O.-S,,S.S.-]., MK, DK, GM.-D,, J.LA.V.-C., and M.L.-R,; software,
M.DK., RO.-S,S5S.-], MK, DK, GM.-D, J.A.V.-C., and M.L.-R,; validation, M.D.K,, R.O.-S., S.S.-].,
MK, DK, GM.-D,, J.AV.-C,, and M.L.-R;; formal analysis, ].A.V.-C.; investigation, M.D.K., R.O.-S.,
S.S.-]., MK, D.K, GM.-D,, J.A.\V.-C., and M.L.-R.; resources, S.S.-]. and M.L.-R.; data curation, ].A.V.-
C.; writing—original draft preparation, M.D.K,, R.O.-S., and ].A.V.-C.; writing—review and editing,
M.D.K., R.O.-S,, S.S.-]., MK., D.K.,, GM.-D., ].A.V.-C., and M.L.-R.; visualization, M.D.K,, R.O.-S.,
S.S.-J., MK, DK, GM.-D,, J.LAV.-C,, and M.L.-R;; supervision, R.O.-S., ].LA.V.-C., and M.L.-R,; project
administration, ].A.V.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of Rey Juan Carlos University
(protocol code: 041020244922024; date of approval: 19 November 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Simons, D.G. Review of Enigmatic MTrPs as a Common Cause of Enigmatic Musculoskeletal Pain and Dysfunction. J. Electronyogr.
Kinesiol. 2004, 14, 95-107. [CrossRef]

2. Simons, D.G. Muscle Pain Syndromes—Part I. Am. . Phys. Med. 1975, 54, 289-311.

3. Simons, D.G. Muscle Pain Syndromes—Part II. Am. J. Phys. Med. 1976, 55, 15-42.

4.  Lavelle, E.D.; Lavelle, W.; Smith, H.S. Myofascial Trigger Points. Med. Clin. N. Am. 2007, 91, 229-239. [CrossRef] [PubMed]

5. Quintner, J.L.; Bove, G.M.; Cohen, M.L. A Critical Evaluation of the Trigger Point Phenomenon. Rheumatology 2015, 54, 392-399.
[CrossRef] [PubMed]

6.  Bron, C.; Dommerholt, J.D. Etiology of Myofascial Trigger Points. Curr. Pain Headache Rep. 2012, 16, 439—444. [CrossRef]

7.  Ferndndez-de-Las-Penas, C.; Dommerholt, J. International Consensus on Diagnostic Criteria and Clinical Considerations of
Myofascial Trigger Points: A Delphi Study. Pain Med. 2018, 19, 142-150. [CrossRef] [PubMed]

8. Myburgh, C.; Larsen, A.H.; Hartvigsen, ]. A Systematic, Critical Review of Manual Palpation for Identifying Myofascial Trigger
Points: Evidence and Clinical Significance. Arch. Phys. Med. Rehabil. 2008, 89, 1169-1176. [CrossRef]

9. Li, L, Stoop, R,; Clijsen, R.; Hohenauer, E.; Ferndndez-de-Las-Pefias, C.; Huang, Q.; Barbero, M. Criteria Used for the Diagnosis of
Myofascial Trigger Points in Clinical Trials on Physical Therapy: Updated Systematic Review. Clin. J. Pain 2020, 36, 955-967.
[CrossRef]

10.  Xu, Y.M.; Ge, H.Y,; Arendt-Nielsen, L. Sustained Nociceptive Mechanical Stimulation of Latent Myofascial Trigger Point Induces
Central Sensitization in Healthy Subjects. . Pain 2010, 11, 1348-1355. [CrossRef]

11.  Celik, D.; Yeldan, P. The Relationship between Latent Trigger Point and Muscle Strength in Healthy Subjects: A Double-Blind
Study. J. Back. Musculoskelet. Rehabil. 2011, 24, 251-256. [CrossRef] [PubMed]

12. Ibarra, ].M.; Ge, H.Y.; Wang, C.; Martinez Vizcaino, V.; Graven-Nielsen, T.; Arendt-Nielsen, L. Latent Myofascial Trigger Points
Are Associated with an Increased Antagonistic Muscle Activity during Agonist Muscle Contraction. J. Pain 2011, 12, 1282-1288.
[CrossRef]

13. Steen, ].P; Jaiswal, K.S.; Kumbhare, D. Myofascial Pain Syndrome: An Update on Clinical Characteristics, Etiopathogenesis,
Diagnosis, and Treatment. Muscle Nerve 2025, 71, 889-910. [CrossRef]

14. Suzuki, H.; Tahara, S.; Mitsuda, M.; Izumi, H.; Ikeda, S.; Seki, K.; Nishida, N.; Funaba, M.; Imajo, Y.; Yukata, K.; et al. Current

Concept of Quantitative Sensory Testing and Pressure Pain Threshold in Neck/Shoulder and Low Back Pain. Healthcare 2022, 10,
1485. [CrossRef]


https://doi.org/10.1016/j.jelekin.2003.09.018
https://doi.org/10.1016/j.mcna.2006.12.004
https://www.ncbi.nlm.nih.gov/pubmed/17321283
https://doi.org/10.1093/rheumatology/keu471
https://www.ncbi.nlm.nih.gov/pubmed/25477053
https://doi.org/10.1007/s11916-012-0289-4
https://doi.org/10.1093/pm/pnx207
https://www.ncbi.nlm.nih.gov/pubmed/29025044
https://doi.org/10.1016/j.apmr.2007.12.033
https://doi.org/10.1097/AJP.0000000000000875
https://doi.org/10.1016/j.jpain.2010.03.010
https://doi.org/10.3233/BMR-2011-0302
https://www.ncbi.nlm.nih.gov/pubmed/22142714
https://doi.org/10.1016/j.jpain.2011.09.005
https://doi.org/10.1002/mus.28377
https://doi.org/10.3390/healthcare10081485

Diagnostics 2025, 15, 2633 12 of 13

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Amiri, M.; Alavinia, M.; Singh, M.; Kumbhare, D. Pressure Pain Threshold in Patients with Chronic Pain: A Systematic Review
and Meta-Analysis. Am. J. Phys. Med. Rehabil. 2021, 100, 656—674. [CrossRef]

Rankin, J.; Rudy-Froese, B.; Hoyt, C.; Ramsahoi, K.; Gareau, L.; Howatt, W.; Carlesso, L. Quantitative Sensory Testing Protocols to
Evaluate Central and Peripheral Sensitization in Knee OA: A Scoping Review. Pain. Med. 2022, 23, 526-557. [CrossRef]

Jones, D.H.; Kilgour, R.D.; Comtois, A.S. Test-Retest Reliability of Pressure Pain Threshold Measurements of the Upper Limb and
Torso in Young Healthy Women. J. Pain 2007, 8, 650-656. [CrossRef]

Pavlou, K.; Constantinou, A.; Savva, C.; Pamboris, G.M.; Kyriakou, P,; Ploutarchou, G.; Karagiannis, C.; Korakakis, V. Absolute
and Relative Reliability of Pressure Pain Threshold (PPT) Assessment in Patients with Nonspecific Shoulder Pain. Shoulder Elbow
2025. [CrossRef]

Bilika, P,; Paliouras, A.; Savvoulidou, K.; Arribas-Romano, A.; Dimitriadis, Z.; Billis, E.; Strimpakos, N.; Kapreli, E. Psychometric
Properties of Quantitative Sensory Testing in Healthy and Patients with Shoulder Pain: A Systematic Review. |. Musculoskelet.
Neuronal Interact. 2023, 23, 145. [CrossRef] [PubMed]

Taljanovic, M.S.; Gimber, L.H.; Becker, G.W.; Latt, L.D.; Klauser, A.S.; Melville, D.M.; Gao, L.; Witte, R.S. Shear-Wave Elastography:
Basic Physics and Musculoskeletal Applications. Radiographics 2017, 37, 855-870. [CrossRef] [PubMed]

Ozturk, A.; Grajo, J.R.; Dhyani, M.; Anthony, B.W.; Samir, A E. Principles of Ultrasound Elastography. Abdom. Radiol. 2018, 43,
773-785. [CrossRef]

Maher, C.; Adams, R.; Shields, R K. Reliability of Pain and Stiffness Assessments in Clinical Manual Lumbar Spine Examination.
Phys. Ther. 1994, 74, 801-811. [CrossRef] [PubMed]

Calvo-Lobo, C.; Pacheco-da-Costa, S.; Martinez-Martinez, J.; Rodriguez-Sanz, D.; Cuesta-Alvaro, P; Lopez-Lépez, D. Dry
Needling on the Infraspinatus Latent and Active Myofascial Trigger Points in Older Adults With Nonspecific Shoulder Pain: A
Randomized Clinical Trial. J. Geriatr. Phys. Ther. 2018, 41, 1-13. [CrossRef] [PubMed]

Bron, C.; Dommerholt, J.; Stegenga, B.; Wensing, M.; Oostendorp, R.A.B. High Prevalence of Shoulder Girdle Muscles with
Myofascial Trigger Points in Patients with Shoulder Pain. BMC Musculoskelet. Disord. 2011, 12, 139. [CrossRef] [PubMed]
Kobylarz, M.D.; Valera-Calero, J.A.; Sanchez-Jorge, S.; Buffet-Garcia, J.; Diaz-Arribas, M.].; Ortega-Santiago, R.; Klich, S. Shear
Wave Elastography for Measuring the Stiffness of Latent Trigger Points and Surrounding Areas in the Infraspinatus Muscle: Intra-
and Interexaminer Reliability Analysis. Arch. Phys. Med. Rehabil. 2025, 106. [CrossRef]

Kobylarz, M.D.; Klich, S.; Sanchez-Jorge, S.; Buffet-Garcia, J.; Ortega-Santiago, R.; Valera-Calero, J.A. Shear-Wave Elastography
Supports That Muscle Stiffness Should NOT Be Considered a Criterion to Determine the Presence of Myofascial Trigger Points in
the Infraspinatus Muscle. Am. J. Phys. Med. Rehabil. 2025. [CrossRef]

Bossuyt, PM.; Reitsma, ].B.; Bruns, D.E.; Gatsonis, C.A.; Glasziou, P.P; Irwig, L.; Lijmer, ].G.; Moher, D.; Rennie, D.; De Vet,
H.C.W,; et al. STARD 2015: An Updated List of Essential Items for Reporting Diagnostic Accuracy Studies. BM]J 2015, 351.
[CrossRef]

Ogrinc, G.; Davies, L.; Goodman, D.; Batalden, P.; Davidoff, F,; Stevens, D. SQUIRE 2.0 (Standards for QUality Improvement
Reporting Excellence): Revised Publication Guidelines from a Detailed Consensus Process. BM] Qual. Saf. 2016, 25, 986-992.
[CrossRef]

Cao, Q.-W.W,; Peng, B.-G.G.; Wang, L.; Huang, Y.-Q.Q.; Jia, D.-L.L,; Jiang, H.; Lv, Y,; Liu, X.-G.G,; Liu, R-G.G,; Li, Y,; et al. Expert
Consensus on the Diagnosis and Treatment of Myofascial Pain Syndrome. World |. Clin. Cases 2021, 9, 2077-2089. [CrossRef]
Hajian-Tilaki, K. Sample Size Estimation in Diagnostic Test Studies of Biomedical Informatics. J. Biomed. Inform. 2014, 48, 193-204.
[CrossRef]

Streiner, D.L.; Norman, G.R.; Cairney, ]. Health Measurement Scales. Health Meas. Scales 2014. [CrossRef]

Arrillaga, B.; Miguel-Pérez, M.; Moller, I.; Rubio, L.; Blasi, J.; Pérez-Bellmunt, A.; Ortiz-Sagrista, J.C.; Ortiz-Miguel, S.; Martinoli,
C. Human Shoulder Anatomy: New Ultrasound, Anatomical, and Microscopic Perspectives. Anat. Sci. Int. 2024, 99, 290-304.
[CrossRef] [PubMed]

Hubbard, D.R.; Berkoff, G.M. Myofascial Trigger Points Show Spontaneous Needle EMG Activity. Spine 1993, 18, 1803-1807.
[CrossRef]

Bacle, G.; Gregoire, ].M.; Patat, E; Clavert, P.; de Pinieux, G.; Laulan, J.; Lakhal, W.; Favard, L. Anatomy and Relations of the
Infraspinatus and the Teres Minor Muscles: A Fresh Cadaver Dissection Study. Surg. Radiol. Anat. 2017, 39, 119-126. [CrossRef]
[PubMed]

Mandrekar, J.N. Receiver Operating Characteristic Curve in Diagnostic Test Assessment. J. Thorac. Oncol. 2010, 5, 1315-1316.
[CrossRef]

Le, C.T. A Solution for the Most Basic Optimization Problem Associated with an ROC Curve. Stat. Methods Med. Res. 2006, 15,
571-584. [CrossRef]

Parikh, R.; Mathai, A.; Parikh, S.; Sekhar, G.C.; Thomas, R. Understanding and Using Sensitivity, Specificity and Predictive Values.
Indian. . Ophthalmol. 2008, 56, 45-50. [CrossRef]


https://doi.org/10.1097/PHM.0000000000001603
https://doi.org/10.1093/pm/pnab285
https://doi.org/10.1016/j.jpain.2007.04.003
https://doi.org/10.1177/17585732251319739
https://doi.org/10.18203/2349-3259.ijct20212848
https://www.ncbi.nlm.nih.gov/pubmed/36856109
https://doi.org/10.1148/rg.2017160116
https://www.ncbi.nlm.nih.gov/pubmed/28493799
https://doi.org/10.1007/s00261-018-1475-6
https://doi.org/10.1093/ptj/74.9.801
https://www.ncbi.nlm.nih.gov/pubmed/8066107
https://doi.org/10.1519/JPT.0000000000000079
https://www.ncbi.nlm.nih.gov/pubmed/26760574
https://doi.org/10.1186/1471-2474-12-139
https://www.ncbi.nlm.nih.gov/pubmed/21711512
https://doi.org/10.1016/j.apmr.2025.03.036
https://doi.org/10.1097/PHM.0000000000002721
https://doi.org/10.1136/bmj.h5527
https://doi.org/10.1136/bmjqs-2015-004411
https://doi.org/10.12998/wjcc.v9.i9.2077
https://doi.org/10.1016/j.jbi.2014.02.013
https://doi.org/10.1093/MED/9780199685219.001.0001
https://doi.org/10.1007/s12565-024-00775-5
https://www.ncbi.nlm.nih.gov/pubmed/38717695
https://doi.org/10.1097/00007632-199310000-00015
https://doi.org/10.1007/s00276-016-1707-9
https://www.ncbi.nlm.nih.gov/pubmed/27286948
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1177/0962280206070637
https://doi.org/10.4103/0301-4738.37595

Diagnostics 2025, 15, 2633 13 of 13

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Gerwin, R.D.; Shannon, S.; Hong, C.Z.; Hubbard, D.; Gevirtz, R. Interrater Reliability in Myofascial Trigger Point Examination.
Pain 1997, 69, 65-73. [CrossRef]

Bron, C.; Franssen, J.; Wensing, M.; Oostendorp, R.A.B. Interrater Reliability of Palpation of Myofascial Trigger Points in Three
Shoulder Muscles. J. Man. Manip. Ther. 2007, 15, 203-215. [CrossRef]

do Nascimento, J.D.S.; Alburquerque-Sendin, F.; Vigolvino, L.P.; de Oliveira, W.E.; de Oliveira Sousa, C. Inter- and Intraexaminer
Reliability in Identifying and Classifying Myofascial Trigger Points in Shoulder Muscles. Arch. Phys. Med. Rehabil. 2018, 99, 49-56.
[CrossRef] [PubMed]

Hsieh, C.Y,; Hong, C.Z.; Adams, A.H.; Platt, K.J.; Danielson, C.D.; Hoehler, EK.; Tobis, J.S. Interexaminer Reliability of the
Palpation of Trigger Points in the Trunk and Lower Limb Muscles. Arch. Phys. Med. Rehabil. 2000, 81, 258-264. [CrossRef]
Lucas, N.; MacAskill, P; Irwig, L.; Moran, R.; Bogduk, N. Reliability of Physical Examination for Diagnosis of Myofascial Trigger
Points: A Systematic Review of the Literature. Clin. J. Pain. 2009, 25, 80-89. [CrossRef] [PubMed]

Mayoral del Moral, O.; Torres Lacomba, M.; Russell, 1.].; Sénchez Méndez, O.; Sanchez Sanchez, B. Validity and Reliability of
Clinical Examination in the Diagnosis of Myofascial Pain Syndrome and Myofascial Trigger Points in Upper Quarter Muscles.
Pain. Med. 2018, 19, 2039-2050. [CrossRef] [PubMed]

Lucas, K.R.; Rich, P.A ; Polus, B.I. Muscle Activation Patterns in the Scapular Positioning Muscles during Loaded Scapular Plane
Elevation: The Effects of Latent Myofascial Trigger Points. Clin. Biomech. 2010, 25, 765-770. [CrossRef] [PubMed]
Fernandez-Carnero, J.; Ge, H.-Y,; Kimura, Y.; Ferndndez-de-Las-Pefas, C.; Arendt-Nielsen, L. Increased Spontaneous Electrical
Activity at a Latent Myofascial Trigger Point after Nociceptive Stimulation of Another Latent Trigger Point. Clin. ]. Pain 2010, 26,
138-143. [CrossRef]

Shah, J.P; Gilliams, E.A. Uncovering the Biochemical Milieu of Myofascial Trigger Points Using in Vivo Microdialysis: An
Application of Muscle Pain Concepts to Myofascial Pain Syndrome. J. Bodyw. Mov. Ther. 2008, 12, 371-384. [CrossRef]

Zhai, T; Jiang, E; Chen, Y.; Wang, J.; Feng, W. Advancing Musculoskeletal Diagnosis and Therapy: A Comprehensive Review of
Trigger Point Theory and Muscle Pain Patterns. Front. Med. 2024, 11, 1433070. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0304-3959(96)03248-4
https://doi.org/10.1179/106698107790819477
https://doi.org/10.1016/j.apmr.2017.06.020
https://www.ncbi.nlm.nih.gov/pubmed/28751256
https://doi.org/10.1016/S0003-9993(00)90068-6
https://doi.org/10.1097/AJP.0b013e31817e13b6
https://www.ncbi.nlm.nih.gov/pubmed/19158550
https://doi.org/10.1093/pm/pnx315
https://www.ncbi.nlm.nih.gov/pubmed/29253210
https://doi.org/10.1016/j.clinbiomech.2010.05.006
https://www.ncbi.nlm.nih.gov/pubmed/20667633
https://doi.org/10.1097/AJP.0b013e3181bad736
https://doi.org/10.1016/j.jbmt.2008.06.006
https://doi.org/10.3389/fmed.2024.1433070

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Procedures: Determining the Presence of Latent Trigger Points 
	Assessments: Pain Pressure Thresholds 
	Assessments: Muscle Stiffness 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

