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Assessment of Myofascial Trigger Points via Imaging: A
Systematic Review

Dario F. Mazza, M.S.1, Robert D. Boutin, M.D.2, Abhijit J. Chaudhari, Ph.D.2
1Department of Radiology, University of California, Davis, Sacramento, CA 95817

2Department of Radiology, Stanford University School of Medicine, Stanford, CA 94305

Abstract

This study systematically reviewed the published literature on the objective characterization

of myofascial pain syndrome and myofascial trigger points using imaging methods. PubMed,
Embase, Ovid and the Cochrane Library databases were utilized, while citation searching was
conducted in Scopus. Citations were restricted to those published in English and in peer-reviewed
journals between 2000-2021. Out of 1,762 abstracts screened, 69 articles underwent full-text
review and 33 were included. Imaging data assessing myofascial trigger points (MTrPs) or
myofascial pain syndrome (MPS) were extracted and important qualitative and quantitative
information on general study methodologies, study populations, sample sizes, and MTrP/MPS
evaluation were tabulated. Methodological quality of eligible studies was assessed based on

the QUADAS (Quality Assessment of Diagnostic Accuracy Studies) criteria. Biomechanical
properties and blood flow of active and latent MTrPs assessed via imaging were found to be
quantifiably distinct from those of healthy tissue. While these studies show promise, more studies
are needed. Future studies should focus on assessing diagnostic test accuracy and testing the
reproducibility of results to establish the best performing methods. Increasing methodological
consistency would further motivate implementing imaging methods in larger clinical studies.
Considering the evidence on efficacy, cost, ease of use and time constraints, US-based methods are
currently the imaging modalities of choice for MPS/MTrP assessment.

Keywords
Trigger Points; Myofascial Pain Syndromes; Diagnostic Imaging; Systematic Review

Introduction

Chronic musculoskeletal pain is estimated to affect 10-20% of the general population
and as such constitutes a major public health problem.> Among patients presenting with
chronic musculoskeletal pain, the prevalence of myofascial pain syndrome (MPS) can be
as high as 85% or even 95%.1-2 Central to this syndrome are myofascial trigger points
(MTrPs), hypersensitive nodules within a taut band of skeletal muscle.3-11 MTrPs were
described as far back as the 16! century!? however the most comprehensive work on
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which current practice and research is based was produced by Travell and Simons in their
Trigger Point Manuals, first published in 1983.3 MTrPs were classified into active and
latent trigger points. Active MTrPs by definition produce spontaneous pain, whereas latent
MTrPs reproduce the patients’ familiar pain only on stimulation.34 Commonly, signs and
symptoms associated with MTrPs are assessed with manual palpation through a physical
examination. The presence of a local twitch response on stimulation of active MTrPs is

a frequent diagnostic sign accepted by practitioners.> MPS also may cause central and
peripheral sensitization, with manifestations that include tenderness, referred pain, allodynia
and hyperalgesia.1® Motor symptoms (e.g., muscle stiffness, weakness, decreased range of
motion) and autonomic dysfunction (e.g., vasodilatation, vasoconstriction) have also been
reported.®

Manual palpation through a physical examination constitutes the current standard for
diagnosis and assessment of MTrPs and continues to be the standard against which new
evaluation methods are assessed. Systematic reviews by Rathbone er a/14 and Lucas et a/1°
however found that inter-rater reliability estimates for manual detection of MTrPs varied
widely and concluded that physical examination is unreliable. To address these limitations,
researchers have begun to develop objective measures and techniques based on in vivo
imaging to improve the diagnosis and assessment of MTrPs and MPS. These imaging
methods are mostly based on ultrasound (US), magnetic resonance imaging (MRI) and
infrared thermography, and are the focus of this review. The broader goal of developing
quantitative imaging biomarkers is to establish reliable and objective diagnostic measures
and to objectively compare treatment effectiveness.

US with conventional grayscale (B-mode) scanning may show MTrPs as hypoechoic regions
with a heterogeneous echotexture.18 More recently, vibration sonoelastography has been
used to measure the stiffness of taut bands and MTrPs. In this method, first developed by
Lerner et a/l’, an external vibration source (typically 100 Hz from a hand-held massager)
propagates shear-waves in the tissue of interest.17-18 The vibration pattern (amplitude and
phase) is recorded using Doppler techniques and is then displayed as a color variance
image.18 A stiff lesion is visualized as a local decrease in the peak vibration amplitude.18
Other US-based techniques include shear-wave elastography (where the vibrations are
produced by the hand-held US probe) and compression sonoelastography (where tissue

is compressed manually using the US probe). Beyond image intensity-based measures, the
utilization of image texture analysis and other image enhancement techniques to distinguish
between clinically relevant groups is growing.%:16.19-22

MR/ has also been used to visualize MTrPs, which present as areas of focal signal
alterations, including a higher T» signal intensity, on conventional examinations,22:23
Magnetic resonance elastography (MRE), where an external vibration source is activated

by the MRI scanner, has also been used.24 MRE includes the use of motion-encoding
(magnetic field) gradients from the scanner, in addition to the normal phase-encoding and
slice selection gradients, in order to capture the motion of the shear-waves as they propagate
through tissue.242> The resultant MRE images or “elastograms” display tissue stiffness in a
2D map of color contrast.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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Infrared thermography has also been studied as a tool to identify and characterize MTrPs.
This technique involves using thermal cameras to detect the infrared radiation emitted by
the body. The images displayed can be used to distinguish hotter or cooler areas and are
called thermograms.28 The imaging of participants for MTrPs should involve careful control
of the environmental temperature and any thermogenic substances participants may have
recently ingested. Simple foam markers are typically used to mark the location of MTrPs
found during the physical examination.

The goal of this article is to systematically review the literature for peer-reviewed studies
that use imaging techniques in the assessment of MTrPs and MPS. The following sections
describe our search strategy, inclusion and exclusion criteria, and the methods used for

data extraction and synthesis. Results are discussed separately for each imaging modality,
followed by the results of study quality assessment. Finally, the strengths and weaknesses of
the current evidence in the diagnosis and assessment of MTrPs and MPS are discussed, as
well as the performance and clinical viability of these methods.

Methods

Search Strategy

A series of exploratory searches were conducted in PubMed for records that objectively
characterized MTrPs using imaging. These searches included terms such as “myofascial
trigger points”, “myofascial taut bands”, “taut bands”, “MRI”, “ultrasound”, “sonography”,
and others. These were subsequently combined into terms like “(myofascial trigger points)
AND (MRI OR sonography OR sonoelastography)” to return more relevant records. For
our final search, the authors were assisted by an expert health sciences librarian. Searches
were conducted in PubMed, Embase, Ovid MEDLINE®, and the Cochrane Library on
01/11/2021. Records were limited to English language publications and to studies published
in the 21st century (between the years 2000-2021). This study conforms to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines?’ and
reports the required information accordingly (see Supplementary Checklist). In accordance
with these, the full electronic search strategy for PubMed is provided in the Supplemental
Document Section S.1.

Forwards and backwards citation searching subsequently conducted by the lead author and
the librarian using a series of key seed articles identified through the electronic database
searches. After removing duplicates, all the abstracts from these two sources were screened
by two authors to produce a list of articles for full-text review. The final list of studies was
then produced based on the inclusion and exclusion criteria, provided next.

Inclusion Criteria

Included studies fulfilled the following criteria:
1. Quantitatively characterized MTrPs or MPS using imaging techniques;
2. Used imaging techniques that produced at least a two-dimensional image; and

3. Were full-text, peer-reviewed journal publications of original research.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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In order to increase the amount of relevant data on the characterization of MTrPs,
randomized control trials and other treatment evaluation studies that used objective measures
to assess MTrPs or MPS were also included if they met the inclusion and exclusion criteria.
Studies that included participants with fibromyalgia alongside those with MTrPs or MPS
were also included.

Exclusion Criteria

A significant number of studies returned in our search did not specifically characterize or
quantify MTrPs using objective means. Some examined other aspects of myofascial tissue
or used imaging solely to assist in treatment (e.g., US-guided injections); others focused

on imaging the central nervous system to quantify central sensitization, on inter-rater
reliability of palpation techniques, treatment evaluations (using only clinical outcomes),

or used cadavers. These studies were excluded during the abstract screening phase and later
during full-text review.

We also excluded studies that:
1. Were conducted in non-human subjects.

2. Had a sample size of five or fewer participants.

Data Extraction

After full-text screening, tables were constructed for each imaging modality to display
important qualitative and quantitative information about general study methodologies, study
populations, sample sizes, and MTrP/MPS properties measured. Specifically, details on

the imaging techniques, use of control groups, populations from which participants were
recruited, sampling methods, number of subjects, numbers of males and females, number of
anatomic sites examined, images processed, treatments administered, and use of Travell and
Simons’ criteria were extracted.3 For randomized controlled trials and studies that focused
on treatments, the baseline quantitative values of MTrPs were prioritized. The sensitivity and
specificity of diagnosis of MTrPs using imaging or other techniques were also extracted if
tested in the studies.

Methodological quality and risk of bias were assessed with the QUADAS (Quality
Assessment of Diagnostic Accuracy Studies) tool, as recommended by Cochrane
Collaboration for diagnostic test accuracy studies.2® This formal assessment was performed
only for studies that attempted to distinguish between clinically-relevant groups using
objective means which could eventually lead to diagnostic test accuracy measurements, or
those studies that did evaluate these measures (receiver operating characteristic (ROC)-based
analysis, sensitivity, specificity, etc.). These studies were selected as their methods addressed
the research question most directly, i.e., the objective assessment of MTrPs and MPS.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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Results

Literature Search

A PRISMA flow diagram (Figure 1) summarizes the study selection process. Searching of
electronic databases provided a total of 887 citations (188 PubMed, 287 Embase, 186 Ovid
MEDLINE, 226 Cochrane Library). Citation searching in Scopus produced an additional
1,439 results. After removing duplicates, 69 articles underwent full-text screening and

36 were excluded (relevance (13), review articles (3), posters and study protocols (7),
conference abstracts/proceedings (5), supplement abstracts (1), sample size (5), non-human
subjects (2)). Thirty-three studies are included in this article. An overview of included
studies is provided in Supplemental Document, Section S.2. There were no studies that
explicitly used computed tomography (CT), positron emission tomography (PET) or single-
photon emission computed tomography (SPECT) that met our study inclusion criteria. The
specific measurement or imaging techniques used varied widely, as did other methodological
aspects including study design, use of control groups and sample size. US was by far the
most frequently used modality in the included studies, followed by thermography and MRI.

Ultrasound Studies

Table 1 provides a summary of the studies that used US-based methods. The most common
techniques used were conventional B-mode sonography and vibration sonoelastography.
Doppler imaging was used in three studies?1:2%:30 to examine the blood flow in myofascial
tissue. Three studies used other techniques (Table 1) or did not describe their procedures in
detail 31-33

Twelve US studies quantified stiffness of myofascial tissue and MTrPs using several
different measures such as elastic modulus, shear modulus, shear-wave speed, strain ratios,
strain scores and several custom methods and scoring systems. For example, areas of low
vibration in elastogram images (corresponding to increased stiffness) were used in two
studies.2%:34 Similarly, Turo et a/3° constructed a mechanical heterogeneity index where
the fraction of an elastogram image area with reduced vibration was calculated. Sikdar et
al30 used a scoring system to classify elastograms into categories of increasing myofascial
pathology, based on increasing areas of stiff tissue and increasing frequency of stiff nodules.

Studies that derived the elastic moduli of MTrPs had consistent results. Jafari et a/3¢ found
mean values of 12.3 — 14.7 kPa in MTrPs compared to 5.0-8.0 kPa in adjacent muscle.

In another study, the same group found similar values (13.4 kPa in MTrPs vs. 7.1 kPa

in adjacent muscle).3” The pre-treatment stiffness measurements in the study by Togha et
al10 (average 12.3 — 14.8 kPa) corroborated these values. Other numerical values reported
were the shear-wave speed and shear modulus. Both Ballyns et a/° and Grabowski et

al38 reported significantly increased average shear-wave speeds in the muscle tissue of
participants with MPS or MTrPs compared to controls. These values were in the range
2.0-5.0 m/s.%:38 The shear modulus was measured by Maher et a/3% and Ballyns et a/.?, who
report values of approximately 13.6 kPa and 3.5 kPa, respectively.

Several studies did not report the exact quantitative values for their measures of stiffness,
but rather reported whether MTrPs were identifiable with their measures through several

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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comparisons. When comparing MTrPs with adjacent muscle tissue, two studies found no
significant difference in shear-wave speed,®38 one found an increased elastic modulus
(P<0.01),37 two found increased stiffness (P<0.002),2%-30 and one found reduced strain
scores (P<0.0001).4% Two studies found active MTrPs to be distinguishable from latent
MTrPs,2941 whereas others did not find statistically significant differences.30:40

Five studies used image enhancement techniques including texture analysis and entropy
filtering.19:32-34.42 predictor texture features in the study by Kumbhare et a/1° were able to
classify healthy and MPS participants with a sensitivity and specificity of 95.6% and 97.3%.
Behr er a/33 reported similar results to achieve a sensitivity and specificity of 88% and
86%. Turo et al3* achieved a sensitivity and specificity of 69% and 81%, respectively, using
entropy filtering after image acquisition.

Six studies also examined the effect of treatment on stiffness measures of myofascial
tissue. Three studies found statistically significant decreases in stiffness (various measures)
after treatment with dry needling or high power US treatment.31:35:39 Three other studies
found no difference in stiffness after treatment with ischemic compression, dry needling or
acupuncture,10:36:43

The lowest active MTrP areas reported (means, 3.40 — 5.35 mm?2)36 and the highest (means,
0.48, 0.49 cm?)* varied by around one order of magnitude. Only one study compared the
areas of active MTrPs and latent MTrPs and found no significant difference.30

Four studies examined the change in MTrP area with treatment.10:36.4345 The treatments
used were ischemic compression, acupuncture, injections, and dry needling. All studies
reported a decrease in area post-treatment and three studies reported a statistically significant
decrease. Only two of these studies utilized control groups with sham treatment943 and
only one found the decrease in area to be significant when compared to the control group.10

Fourteen out of 23 studies reported on the echogenicity of MTrPs. Of these, 11 studies
simply commented that MTrPs could be visualized as focal hypoechoic regions on B-mode
US. Three studies explored the echogenicity further and found differences in mean-echo
intensity and grey-scale values of cases compared to controls.#0:42:44

Studies that used Doppler US found significant alterations in the blood flow in and around
MTrPs. The specific results of these studies can be viewed in Table 2. The prevalence of
retrograde blood flow was found to be higher at active compared to normal sites.?:21:29.30
Two studies also reported an increased pulsatility index (PI) in active MTrPs compared to
normal sites and no difference in the resistive index (RI).2129 Peak systolic velocity and
minimum diastolic velocity were able to differentiate between active and latent MTrPs.2

Infrared Thermography Studies

Table 3 provides a summary of the studies that used infrared thermography. Four out of
seven studies reported using Travell and Simons’ criteria for identifying MTrPs.

The studies all utilized very similar methods for their data acquisition. Most cameras used
had very similar precision and emissivity where reported (approximately 0.05 °C and 0.98,

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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respectively), and 4 out of 7 studies reported using acclimatization periods before imaging
the participants. These periods varied and lasted 15-30 minutes at temperatures of 21-24
°C. In terms of the studied populations and comparisons between groups, muscles, or
tissues however, the studies varied greatly. Some studies placed polystyrene markers over
the MTrPs and recorded temperature directly over these, whereas others compared average
temperatures of whole muscles or body regions with and without MTrPs. Some measured
temperatures pre- and post-treatment and others temperature differences between affected
and unaffected sides, or between MTrPs and contralateral areas of the same size. One study
tested the correlations of temperature with typical measures known to be associated with
the presence of MTrPs such as pain, pressure pain threshold, range of motion and muscle
electrical activity.8 They found a significant negative correlation between base muscle
electrical activity and temperature.

Studies that tested the ability of infrared thermography to identify trigger points found
contradictory results. Zhang et a/4” found no difference in temperature over the forearms
with latent MTrPs compared to those without them. Gabrhel et a/#8 and Haddad et a/4°, on
the other hand, found increased temperatures over MTrPs. The former found that MTrPs had
increased temperatures (range 0.8-1.5 °C) compared to equivalent contralateral unaffected
areas. The latter two found that a normalized temperature gradient between equivalent
contralateral sites could predict/detect the presence of a MTrP in that site with a sensitivity
and specificity of 62.5% and 71.3%, respectively.

Two studies used infrared thermography to examine the effects of various treatments on
temperature over or near MTrPs.45:50 A significant increase in areas of higher temperature
(compared to pre-treatment values) was observed in MTrP-positive and not in MTrP-
negative patients that underwent dry needling treatment in the study by Magalhées et a/.>°
Cojocaru et al*® also reported temperature changes after injections into MTrPs in the lumbar
region.

MRI Studies

MTTYP studies using MRI involved two techniques: conventional, anatomical MRI and MRE.
Table 4 provides a summary of the studies that used these methods. Three of 4 studies that
used MRI did not report the use of Travell and Simons’ criteria in the identification of the
MTrPs or taut bands. All studies used similar scanner equipment with a field strength of 1.5
T, except for one study which used a 3.0 T scanner. Scan parameters and pulse sequences
also varied.

Two studies used conventional, anatomical MRI to characterize MTrPs.22:51 One study
found that MTrPs could not be identified with the use of T1-weighted imaging with or
without gadolinium contrast.5! Sollmann et a/22 utilized a T,-prepared, turbo-spin-echo
pulse sequence to produce T, maps for MTrPs. Compared to adjacent tissue, MTrP regions
were found to have significantly higher mean T, signal intensity.22 Fifteen of 16 clinically
identified MTrPs were identified successfully using the T, maps.22

Two studies by Chen er a/.”>2 used MRE and calculated the stiffness of taut bands. They
found values of 11.5 and 10.9 kPa, respectively. Moreover, they found that these regions

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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were consistently stiffer than surrounding muscle tissue and stiffer than similar regions in
control participants. Chen et al.” however found that there was poor agreement between
MRE and clinical evaluation in identifying taut bands, with just 63% of taut bands clinically
identified being confirmed on MRE. They also measured intra- and inter-rater reliability of
taut band identification via MRE and found near perfect kappa scores.’

Methodological Quality and Risk of Bias

Studies whose methods focused on objectively distinguishing between clinically relevant
groups were assessed for methodological quality and risk of bias. Thirteen studies fit these
criteria. Figures 2 and 3 show the methodological quality of each individual study and the
global quality across studies based on each QUADAS item, respectively.

Overall, methodological quality was sound amongst these 13 studies. The most problematic
item was the spectrum of participants. Four studies did not use sequential sampling of
participants and instead recruited their controls separately, which can introduce bias. Nine
studies did not report the time interval between physical examination and their assessment
techniques. Regarding the reference standard, adherence to Travell and Simons’ criteria
(the only reference standard available) was very consistent. Where adherence to these
criteria was not reported, most studies did take care to mention the involvement of
experienced physiotherapists or physicians. Other studies however, merely mentioned that
“clinical criteria” for diagnosis were followed. Partial verification, differential verification
and incorporation bias were successfully addressed in the methodology, minimizing the
possibility of these sources of bias in all 13 studies. Reporting of uninterpretable results and
participant dropouts was good, though 4 studies did not comment on this (Figure 2). Finally,
blinding of both reference and index tests was conducted in most studies, with a few not
reporting it clearly and only one study where the index test was not carried out blind to the
reference test results.19

Discussion

Findings and Etiology

Findings of studies included in this review indicate conclusively that MTrPs and taut bands
do exist and are indeed local areas of increased muscle stiffness. In particular, this is
evidenced by the close agreement in the magnitude of the stiffness values of MTrPs and taut
bands compared to adjacent muscle tissue across different studies using different imaging
modalities. Jafari et a/3” and Togha et a/19 both measured an elastic modulus for MTrPs

of 13-14 kPa using US and Chen et. a/.” found a value of 10.9 kPa using MRE. Values for
adjacent muscle tissue also showed close agreement across these studies (ranging between
5-7 kPa).”10.37 |n addition, most studies measuring stiffness (using various measures)
reported statistically significant differences between MTrPs/taut bands and adjacent muscle,
and between cases and controls. This close agreement and cross-study consistency also
lends credibility to these methods in accurately and reproducibly measuring the structural
properties of soft tissue /7 vivo, which is essential to improving the objective assessment of
MTrPs.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mazza et al.

Page 9

Other important findings are those from studies using Doppler US. MTrPs have altered
blood flow characterized by higher systolic velocities and frequent retrograde flow, which
may be caused by local constriction due to the taut band or altered due to inflammation

or autonomic changes.?1:29:30 This is consistent with Simons’ integrated hypothesis on the
etiology of MTrPs, where excess acetylcholine release initiates the abnormal contraction in
a taut band.3 The resulting ischemia and hypoxia are theorized to increase the release of
substances that sensitize and activate peripheral nociceptors and cause pain. Evidence from
other sources examining molecular biomarkers29:53:54 support this hypothesis by showing
elevated levels of cytokines, bradykinin, substance P, and others in the vicinity of MTrPs
along with calcitonin gene-related peptide which is released on depolarization of nociceptive
neurons.® These substances are also thought to cause autonomic modulation, which
increases the release of acetylcholine and perpetuates the abnormal muscle contraction.®
An acidic pH has been measured /7 vivoin MTrPs20:55, and this has been shown to cause
muscle pain.8:56 In addition, an acidic pH may inhibit the function of acetylcholine esterase,
increasing the levels of acetylcholine and further perpetuating contraction.®

More research is needed on the specific mechanisms that initiate and perpetuate the MTrP in
MPS,8 which in the future could lead to the development of targeted therapies. Furthermore,
should any of these markers prove to have high specificity for the disease, it could be
possible to create targeted radioligands and use molecular imaging techniques such as
PET.57:58 Recently, systems capable of systemic PET imaging at significantly lower dose
have become available59-60 and could provide a unique molecular-level in vivo picture of
MTrPs and MPS pathophysiology.

Viability and Performance of Methods

Imaging modalities and techniques discussed in this review showed the potential to
characterize tissue with MTrPs. However, they differ in their effectiveness and their
likelihood to be adopted in a clinical setting.

The most successful US-based technique appears to be sonoelastography, as most studies
utilizing this technique were able to detect differences between clinically relevant groups
and identify MTrPs within normal tissue. Among these studies, it is likely that those using
vibration sonoelastography and shear-wave elastography have more reliable results due

to their use of mechanically induced stimuli. However, only one study that utilized US
elastography assessed the diagnostic test accuracy of their methods.40

Other promising techniques involve post-imaging enhancement of simple B-mode US
images through texture analysis and entropy filtering. Although the results of these studies
achieved desirable diagnostic test statistics, their image processing techniques require
specialized software and know-how that may not be readily accessible in a clinical setting.
In the future it is likely that region-of-interest delineation and texture analysis will become
more viable thanks to the implementation of machine learning. Elastography-based methods,
on the other hand, could be implemented using frequently used US equipment, where
available. More research is needed to establish the diagnostic accuracy of these elastography
methods. The ability of thermography to detect MTrPs may need to be evaluated further,

as current studies report contradictory results. Only two studies reported the ability to

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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detect MTrPs.4849 This is likely due to its focus on surface skin temperature. It should

be noted that these methods also require image processing after acquisition. Studies using
MRI showed the ability to image MTrPs when using MRE and T, mapping.”-2252 A routine
T1-weighted MRI acquisition is not effective for detecting or assessing MTrPs.51

The likelihood of the discussed imaging methods to be adopted in a clinical setting is
dependent on cost, ease of use and time constraints, in addition to performance factors.
MRI-based methods generally suffer from relatively high costs and accessibility constraints.
Thermography-based methods appear to have limited efficacy based on this review of the
literature. Thus, US’s ease of use, low cost and clinical availability make it generally

the current imaging modality of choice for MPS/MTYP assessment. Some US machines
may be upgraded to perform sonoelastography, enabling current practitioners to expand
their assessment tools. The upgrades are specific to each manufacturer and costs can

vary significantly.1 For a review of sonoelastography techniques with corresponding
technologies, practitioners are encouraged to consult the review by Sigrist er a/.52 as well as
the manufacturers of their current equipment.

Limitations and Risk of Bias

Among the studies assessed formally using the QUADAS tool, quality was generally high,
and the risk of bias was accordingly low, as discussed. Notably, however, care must be taken
in the interpretation of two of the quality items.

First, Item 1: the representative spectrum. This item has two components: whether the
patients recruited are representative of those who would receive the test/assessment in
practice and the sampling method used to recruit participants. All 13 studies assessed had

a representative sample of participants by our estimation, however some used sampling
methods where cases and controls were recruited separately. This can introduce bias when
measuring diagnostic test accuracy. However, most of the studies that received a low-quality
score on this item were not designed for this purpose; they were designed as initial
assessments of their methods in detecting MTrPs. Therefore, the overall quality of this item
is, in fact, higher than represented. This item was incorporated as it provides a useful metric
on where the evidence is during the current translational phase to more widespread clinical
use. Moreover, it provides a standard for future research to work towards.

Second is Item 2: the reference standard. Although our assessment indicates a low risk of
bias for this item, care must be taken when interpreting diagnostic test accuracy results in
these studies. This is because Travell and Simons’ criteria are the only available reference
standard, are subjective in nature and suffer from inadequate inter-rater reliability.14.15
Therefore, results reporting the sensitivity and specificity are unlikely to be biased but will
have a significant amount of uncertainty.

Regarding the other items, there is a very low risk of bias from Items 4, 5 and 6, as
well as from uninterpretable results or withdrawals. The likelihood of bias from including
information not usually available in the clinic is also low among these 13 studies.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2022 October 01.
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Blinding seems to have been conducted in all studies, except for one (Figure 2). Several
studies failed to report this explicitly however, and future studies can improve upon this.
Overall, the authors estimate a low chance of bias from blinding (Items 7 and 8, Figure 2).

Lastly, 8 studies failed to report the delay between physical examination and the imaging
assessments. As MPS and MTrPs are associated with chronic pain, it seems unlikely that
symptoms might fluctuate significantly, however, there is the possibility of some bias being
introduced here. Future studies should take care to report this time interval as well as
minimizing it.

Among the remaining studies, overall methodologies were adequate for each specific study’s
design and purpose. Some weaknesses were observed, however. Multiple studies did not
make use of controls and, among those that did, many recruited them separately instead of
consecutively. Further, few studies utilized matching for the controls recruited. A number of
studies could have improved on other key methodological aspects, such as providing more
details on the populations used for recruitment and on the physical examination (including
use of Travell and Simons’ criteria), reporting on the experience of examiners, and using a
more balanced number of male and female participants.

The most important limitation in interpreting the results presented in this article is the
heterogeneity of study methodology. Methods for assessing MTrPs and MPS varied in terms
of imaging modalities and measurement techniques, however particular methodologies of
quantification of images did as well. A prime example is how authors chose to quantify
elastography images (several custom scoring systems were used?%:39:35) and the particular
measures of stiffness they chose (strain ratios, shear-wave speed, shear stiffness, elastic
modulus, etc. (Table 1)). The comparisons made against MTrPs also varied widely. Studies
compared them against adjacent muscle tissue, to corresponding healthy muscle tissue

in controls, to contralateral sites, or a comparison was made between active and normal
standardized locations in both healthy controls and participants with MTrPs/MPS. This
complicates comparison of results across studies even when their measurement techniques
are very similar. Sex-specific differences may also complicate interpretation. The numbers
of male and female participants in the studies varied significantly, and although it is unclear
whether there are sex differences in MTrPs and MPS,! there are known sex differences in
pain sensitivity and risk of developing clinical pain.53 The anatomical locations of MTrPs
also varied, further complicating interpretation. For these reasons, it remains challenging to
establish quantitative thresholds or cut-off points that could be used quickly and efficiently
to assess or diagnose MTrPs, to discriminate between clinically relevant groups in terms

of severity, or to assess likely response to treatment. Some methods do show the ability to
distinguish between active MTrPs and latent MTrPs and between cases and controls, for
example those studies that used Doppler and texture analysis.19:21:30.32.42 However, these
results are yet to be replicated or to be tested in different or broader populations.

Lastly, there appears to be an unmet need for additional epidemiological and public health
research on MPS and MTrPs. Little appears to be known on such key matters as remission
rates, recurrence, rates of misdiagnosis, adherence to treatment, and quality of life impact.
Even estimates of prevalence are uncertain. There are therefore many opportunities for
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future research in establishing what approach is needed to combat this disease and its large
contribution to the burden of chronic pain.

Conclusion

This systematic review provides guidance for future imaging research in MPS and MTrPs,
where there is a need for biomarkers to improve diagnosis and treatment assessment through
objective means. Future research should focus on establishing the best performing methods
and measures, and on testing the reproducibility of results. This, in turn, will lead to

more established measures of MTrPs that could be tested in larger clinical studies. The
development of an objective diagnostic reference standards appears to be possible, and
several methods in this review present promising results on the road to this goal. At

this time, considering efficacy, cost, ease of use and time constraints US-based methods
including elastography and Doppler are likely the techniques of choice for MTrP/MPS
assessment. More research on individual and population level outcomes of MPS and MTrP
patients is however warranted to determine how these and other reviewed methods can be
best deployed to ease the burden of these chronic pain disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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