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Background: The purpose of this study was to evaluate the effect of low-frequency self-administered
vibration therapy into myofascial trigger points in the upper trapezius and levator scapulae on patients

with chronic non-specific neck pain.

Methods: Twenty-eight patients with chronic non-specific neck pain were randomly assigned into a
vibration group, receiving 10 self-applied sessions of vibration therapy in the upper trapezius and levator
scapulae trigger points; or a control group, receiving no intervention. Self-reported neck pain and
disability (Neck Disability Index) and pressure pain threshold were assessed at baseline and after the first,

fifth and 10th treatment sessions.

Findings: Significant differences were found in the vibration group when compared to the control group
after the treatment period: the vibration group reached lower Neck Disability Index scores (F=4.74, P=.033,
n?=0.07) and greater pressure pain threshold values (F=7.56, P=.01, n?=0.10) than the control group. The
vibration group reported a significant reduction in Neck Disability Index scores (x2=19,35, P=.00, Kendall's
W=0.28) and an increase in pressure pain threshold (¥2=87,10, P=.00, Kendall's W=0.73) between the
assessment times over the course of the treatment. The mean increase in pressure pain threshold in the
vibration group after the 10 sessions was 8.54 N/cm2, while the mean reduction in Neck Disability Index

scores was 4.53 points.

Interpretation: Vibration therapy may be an effective intervention for reducing self-reported neck pain
and disability and pressure pain sensitivity in patients with chronic non-specific neck pain. This tool

could be recommended for people with non-specific neck pain.

KEYWORDS

Neck pain; Pain threshold; Rehabilitation; Trigger points; Vibration.

ABBREVIATIONS

MTrPs: Myofascial trigger points

VT: Vibration therapy

DOMS: Delayed onset muscle soreness
PPT: Pressure pain threshold

CG: Control group
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NDI: Neck Disability Index

VG: Vibration therapy group

1. INTRODUCTION

Myofascial pain syndrome is defined as a cluster of signs and symptoms associated with active
and latent myofascial trigger points (MTrPs). An MTrP is a hyperirritable focus within a taut band of
skeletal muscle that is painful on compression and which, when stimulated, can evoke a characteristic
pattern of referred pain and related autonomic phenomena [1].

MTrPs are a common source of regional pain in patients presenting with musculoskeletal pain.
Indeed, the prevalence of MTrPs has been found to be up to 85% of the general population [2]. Sleeping
posture is related to musculoskeletal disorders of the shoulder or neck [3]. Moreover, it is known that
sleep disturbances are frequent among patients with neck pain [4, 5]. Specifically, poor cervical posture
during sleep, which is believed to increase biomechanical stresses on the structure of the cervical spine,
can produce cervical pain and stiffness, headache, and scapular or arm pain, resulting in low-quality sleep
[3]. From a clinical point of view, MTrPs may be either active or latent. Active and latent MTrPs have
similar physical manifestations, except that latent MTrPs do not elicit spontaneous symptoms and the
local and referred pain reproduced by stimulating latent MTrPs is not familiar to the patient [6]. Active,
but not latent, MTrPs have been recognized as a common cause of local musculoskeletal pain and
dysfunction [6], but recent research has emphasized the importance of latent MTrPs both in diagnosis and
treatment [7]. In addition, elimination of latent MTrPs is accompanied by normalization of impaired
motor activation patterns [8].

Several treatment strategies have been suggested to treat MTrPs, ranging from conservative
techniques such as massage [9], pressure release [10], ischemic compression [11, 12], and spray and
stretch [13], to invasive interventions such as dry needling [12-15] or injections [16]. Within massage
techniques, Swedish massage is probably the most commonly used among physical therapists. Massage
has been claimed to promote relaxation and decrease tissue adhesion, increase intramuscular circulation
[17, 18] and decrease neuromuscular excitability [17]. In addition, massage has been found to reduce
myalgia symptoms by approximately 25% to 50% [19] and have preventive effects [20]. In fact, vibration
massage applied for five minutes followed by kneading manoeuvres was the treatment proposed by

Lindemann et al. [21] in the 1970s to reduce myogelosis, an expression synonymous with MTrPs. Despite
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the extensive application of massage therapies, clinical trials investigating their efficacy in subjects with
MTYPs are scarce [22].

In the last two decades, the use of mechanical vibration for rehabilitation purposes has attracted
the interest of researchers [23, 24]. Vibration therapy (VT) is used to stimulate edema absorption,
improve blood flow, alleviate wound healing and for its anti-inflammatory and antifibrous effects [25,
26]. In addition, the effects of VT on pain relief have also been widely demonstrated. In particular, this
technique has been shown to be beneficial for patients with fibromyalgia [22], acute and chronic
musculoskeletal pain [27], delayed onset muscle soreness (DOMS) [24, 28], and myotendinous injuries
that involve MTrPs [29]. Although previous studies have examined the use of massage techniques on
patients with MTrPs [30, 31], to our knowledge there are no studies which have evaluated the
effectiveness of VT on MTrPs.

Self-management strategies are considered essential to the management of persistent
musculoskeletal disorders such as neck pain [32]. Effective self-management is based on skills to
encourage patients to actively participate in, and take responsibility for, common or persistent conditions
[33]. These strategies may contribute to the long-term management of these conditions [34], improve
adherence [35] and promote a healthy lifestyle in the patients.

The aim of this pilot study was therefore to investigate the efficacy of low-frequency self-
administered VT for neck pain, disability and pressure pain thresholds (PPT) in patients with non-specific
neck pain and MTrPs. We hypothesized that patients receiving VT would report lower levels of perceived
neck pain and disability and present higher PPTs after receiving VT when compared with a no-treatment

control group (CG).

2. METHODS

2.1. Participants

Subjects between 18 and 45 years old with a history of chronic non-specific neck pain were
invited to participate in this study. Recruitment was performed by advertisement by the University of
Valencia (Spain), from September 2014 to December 2019. Besides having a history of neck pain lasting
three months or more over the previous year, subjects were required to have a Neck Disability Index
(NDI) score of > 5/50 [36] and have active or latent MTrPs in the upper trapezius or levator scapulae

muscles. Both active and latent MTrPs were considered, as latent MTrPs have been associated with the
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development of sensorimotor dysfunction and can contribute to different chronic musculoskeletal pain
disorders [19, 37]. Subjects were excluded if they had had previous cervical spine surgery, cervical
radiculopathy as diagnosed by their primary care physician, a severe systemic disease (e.g. neurological
disorders, inflammatory diseases), diagnosis of fibromyalgia, or other widespread musculoskeletal pain
syndromes (e.g. chronic fatigue syndrome). Patients were also excluded if they had been regularly treated
with analgesic medication or physiotherapy within the previous four weeks.

Approval for the study was granted by the Institutional Ethics Committee (University of
Valencia, Spain), and the procedures were conducted according to the Declaration of Helsinki. The study
was registered on the clinical trials database with number NCT02393521. Written informed consent was

provided before participation.

2.2. Study Design

This study was a randomized controlled clinical trial, with parallel groups and a blinded assessor.
It was undertaken in accordance with the CONSORT statement. Patients were randomly allocated to the
treatments by a non-stratified block randomization with randomly varying block lengths. They were
randomized into two groups: a VT group (VG) and a control group (CG), receiving no treatment.
Randomization was conducted by an external clinical assistant using a random number generator in the
Statgraphics Centurion XV software (StatPoint Technologies, Inc. Warrenton, USA). On this basis, the
assistant prepared sealed, sequentially numbered envelopes containing the treatment assignments. After
baseline assessment, the study physician opened the lowest numbered envelope to reveal that patient’s
assignment

The outcome measurements for this study were patient-reported levels of pain and disability
rated by the NDI and PPT at active/latent MTrPs of the upper trapezius, and levator scapulae. They were
recorded bilaterally at four assessment times: at baseline (T0), after the first (T1) and fifth (T5) sessions

of treatment and after 10th and final session (T10).

2.3. Procedure

Demographic and anthropometric data of each patient were recorded. Subjects who met the
study requirements completed the NDI questionnaire and were then examined to detect the presence of
active/latent MTrPs in the upper trapezius and levator scapulae, and PPTs were measured at these points.
The presence of MTrPs was determined using the diagnostic criteria described by Simons et al. [1]: 1)

presence of a palpable taut band in the muscle; 2) presence of a hypersensitive tender spot in the taut
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band; 3) palpable or visible local twitch response with snapping palpation of the taut band. Moreover,
participants were evaluated to determine whether the MTrPs were active or latent, with a local
compression in order to stimulate the MTrPs [38]. Active MTrPs were identified if stimulation
reproduced any symptom experienced by the patient, either partially or completely, whereby the symptom
was recognized as a familiar experience by the patient, even though it may not be present at the moment
of the examination. Latent MTrPs were determined when stimulation did not reproduce any symptom
experienced by the participant and he/she did not recognize the elicited symptom as familiar.

Patients in the VG received 10 self-applied sessions of VT. Subjects in the CG did not receive VT. They
were assessed at the same points in time as the VG. Data collection was performed at the University of
Valencia.

Neck Disability Index (NDI)

The NDI questionnaire is a clinical tool designed to assess perceived pain and disability in
patients with neck pain [36, 39]. It consists of a total of 10 items, each with six possible choices
representing everyday activities. The NDI is a valid, reliable, and sensitive tool for measuring changes in
pain and disability in patients with neck pain [39]. This study used the Spanish version of the NDI
validated by Andrade et al [40]. NDI scores were recorded only at TO, T5 and T10.

Pressure pain threshold (PPT) measurement

PPT measurement was conducted bilaterally for four MTrPs in each subject: active or latent
MTrPs of the upper trapezius (MTrP2) and levator scapulae (attachment MTrP) according to Simons et al.
[1] (Figure 1). PPTs were measured with an analogue algometer (Force Dial model FDK 20, Wagner
Instruments, Greenwich, CT, USA) with a surface area at the round tip of 1 cm?. For this purpose,
participants were placed in a sitting position, with their arms resting on the armrests. The algometer tip
was applied perpendicularly to the skin at a rate of 0.98 N/cm? per second. This measurement was
repeated three times at each point with a 30-second rest period between each measurement, and the mean

of the three trials was calculated and used for further analysis [41].
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Figure 1. PPT assessment and upper trapezius (A) and levator scapulae (B) MTrP locations.

A familiarization phase preceded the formal measurements, where participants were instructed
on the procedure. Subjects practiced the procedure with the examiner at a remote site (forearm). Subjects
were instructed to indicate the moment when pressure changed to pain, which corresponds to the
definition of the PPT. They were told repeatedly that recording the first sensation of pain was the aim and
not tolerance to pressure [41]. The same researcher performed the PPT measurements on all subjects and
was blinded to the group assignment of the subject. Participants were not informed of their scores to
prevent subject bias from influencing the results.

Pressure algometry is a valid and reliable method for PPT measurement in both healthy [42] and
symptomatic subjects [43, 44], with studies showing good repeatability of measurements on the neck
muscles [44]. The interrater and one-week test-retest reliability of pressure algometry in the neck has
been demonstrated recently (intraclass correlation coefficient (ICC): .75-.95) [45].

Vibration therapy

VT was applied through a technical device designed for self-application in the home (Shindo®,
Colchones Delax SL, L’ Alcudia, Spain). The vibration device consisted of 10 micro-electric motors, each
of them equipped with an eccentric mass in order to provide an oscillatory pulse (Figure 2 left). Although
the motors worked at 80 Hz, they were connected during 12 ms out of every 20 ms, thus providing a
perceived frequency of 35-50 Hz, corresponding to the commonly used values used for treatment or
prevention of DOMS [24, 28, 46] and to improve muscle relaxation [47]. To avoid friction with the user
or the cover, the motors were enclosed in a plastic capsule with rounded surfaces. These capsules were
placed inside a 32 kg high-density polyurethane mattress, with 2 cm of foam between the patient’s body

and the capsule. During the VT, only the cervical region (two motors) was switched on (Figure 2 right).
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Subjects were able to select, through a wireless controller (Figure 2 left), one of four amplitudes of
vibration (between 7 and 10G). The objective of this was to allow patient control over the intensity of the
vibration in order to ensure their comfort with the treatment. The following instructions were provided to
the subject: "Choose a level of intensity that is comfortable for you. You should perceive a gentle
vibration sensation on your cervical area".

Subjects receiving VT (VG) were instructed to self-administer this therapy for 10 sessions, one
session per day, lying on their mattress at home in the supine position for 15 minutes. [28] Participants
were requested not to use any other specific treatments for their neck pain, although their usual

medication was not withdrawn.

Control group

Subjects in the CG did not receive a comparable treatment, as no treatment was applied to them.
They were instructed to lie on a conventional mattress without vibration effect at home, in the supine
position, during the same time frame as the VG (i.e.: 15 minutes once a day during 10 days). Participants
were requested not to use any other specific treatments for their neck pain, although their usual

medication was not withdrawn.

sese 1L

J

Figure 2. (Left): motors used in the vibration device. (Right): wireless controller used by the

subjects and location of the micro-electric motors.

2.4. Data analysis.

First, a one-way ANOVA with significance level of differences set at p<.05 was conducted to

evaluate if initial differences appeared between resulting groups after the randomized assignment. The
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total PPT and NDI were selected as the dependent variables and the group as the factor including two

levels: VG and CG.

In order to compare the treatment evolution between VG and CG, multiple univariate ANOVA
were conducted with significance levels of differences set at p<.05. A one-way ANOVA was performed
at each step of the treatment (TO, T1, T5, and T10) with total PPT and NDI as dependent variables and
with resulting groups as the factor. The mean values and 95% CI were also calculated. The n? value was

calculated to measure the effect size.

Finally, to analyse the evolution within subjects belonging to the VG, Friedman’s ANOVA
analysis was conducted. Total PPT for TO, T1, T5 and T10 and DNI for TO, T5 and T10 were compared
with significance levels of differences set at p<.05. Post hoc Wilcoxon test were performed for each pair
of variables with a Bonferroni adjustment (multiplying p-values from the Wilcoxon tests by the number
of Wilcoxon tests being carried out in each case) to assure confidence level correction and identify
between which pair of levels of the factor variable the differences appeared. Kendall’s W was calculated

to measure the effect size.

All data analyses were performed using the SPSS 16 statistical application for Windows.

3. RESULTS

Thirty-eight subjects were screened for possible eligibility criteria, and 22 subjects successfully
completed the study protocol (VG n=11, CG n=11). Figure 3 shows a flow diagram representing the
subject process of recruitment and dropouts. The baseline characteristics of the final sample are
summarized in Table 1. No adverse effects were reported by the participants from the vibration group

(VG).
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CONSORT 2010 Flow Diagram

Enroliment Assessed for eligibility (n=38)

Excluded (n=10)
+ Not meeting inclusion criteria (n=9)
+ Declined to participate (n=1)

‘ Randomized (n=28) |

!
]L Allocation J;
Allocated to vibration group (VG) (n=14) Allocated to intervention (n=14)
+ Received allocated intervention (n=14) + Received allocated intervention (n=12)
+ Did not receive allocated intervention

(declined to participate) (n= 2)

v Follow-Up

J
Lost to follow-up (give reasons) (n=3) Lost to follow-up (give reasons) (n=1)
+ Discontinued intervention (took anti- +Discontinued intervention (took anti-
inflamatory drugs/received physiotherapy inflamatory drugs) (n=1)
treatment) (n=3)
l Analysis 1
Analysed (n=11) Analysed (n=11)

Figure 3. CONSORT flow diagram of subject recruitment throughout the course of the study.

Neck Disability Index (NDI) and pressure pain threshold (PPT)

There were no differences in NDI or in total PPT between CG and VG at TO, as shown in
Figures 4 and 5. Moreover, Figure 4 shows the results of the ANOVAs carried out to analyse the
evolution of NDI differences between CG and VG along the treatment, showing significant differences
between groups in T10, in which VG reached lower values than CG. Likewise, Figure 5 shows the results
of the ANOVAs carried out to analyse the evolution of total PPT differences between CG and VG along
the treatment, showing significant differences again between groups in T10, in which VG reached greater

values than CG. Both figures also show the mean values, 95% ClI, F ratio, sig. (p values), and n? values.

10
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n2 0.02 0.02 0.07
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256 Figure 4. Comparison of NDI between CG and VG along the treatment.
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F-ratio 0.36 0.01 1.45 7.56
Sig. 0.55 0.94 0.23 0.01
n2 0.00 0.00 0.02 0.10
257
258 Figure 5. Comparison of total PPT (N/cm?) between CG and VG along the treatment.
259 Regarding analysis among subjects belonging to the VG group, Friedman’s ANOVAs carried out

260 for total PPT and NDI showed significant differences between steps of the treatment. %2 values,

261 significance and Kendall’s W values are shown in Table 2.

262 Kendall’s W value for total PPT indicates a strong effect size, whereas it is moderate for NDI

263 [48].
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Post hoc Wilcoxon multiple comparison tests results are shown in Table 3. As shown in Table 3,
there are significant differences between all pairs of steps for PPT, with increasing values along the
treatment (as the number of sessions increased). Similarly, for NDI there were significant differences
between all pairs of steps, with decreasing values along the treatment (as the number of sessions

increased).

4. DISCUSSION

To our knowledge, this is the first randomized controlled study investigating the effect of VT on
pressure pain sensitivity at cervical MTrPs and self-reported neck pain and disability in people with
chronic non-specific neck pain. In this study, patients treated with self-applied mechanical VT showed a
significant reduction in neck pain and disability and an increase in PPT at cervical MTrPs, compared to a
CG, which did not receive a comparable treatment, while not receiving any intervention. Interestingly,
improvements in pressure pain sensitivity and in neck pain and disability with VT increased as treatment
progressed. Higher improvements in PPT and in NDI values were observed at the end of 10 sessions of

VT.

Regarding the NDI results over the course of treatment, the mean reduction in NDI scores in the
vibration group was 4.52 points between T10 and TO (i.e., end of intervention) and 2.50 points between
T5 and TO (i.e., half of intervention period). The mean improvement expressed as a percentage of the
initial NDI value was 44.15% and 24.39% respectively. Hence, the NDI score at the midpoint of the
intervention period is well above the 10% level stated by MacDermid et al. [49] as the minimal detectable
change, which demonstrates the importance of our results. The improvement observed in the NDI in this
study is comparable to the improvements reported when other conservative modalities of treatment
involving some form of vibration, such as cupping [50] or massage [51], were employed in people with
chronic non-specific neck pain. This could suggest that vibration methods, regardless of the specific
modality, may be effective for the treatment of pain and disability in patients with chronic non-specific
neck pain. Further studies with larger neck pain populations should explore these promising new avenues
of treatment.

Treatment effects were also observed for VT on PPT. The increase in PPT with VT was

observed from the very first treatment in the VG subjects. After the first session, the increase at cervical

12
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MTrPs was 1.46 N/cm?. After five sessions, the increase reached 5.34 N/cm?, and after 10 sessions 8.54
N/cm?. Except for the first value, these scores exceed those proposed by Walton et al. [52] for the
minimum detectable change. This means that only the increase observed between TO and T1 could be
attributed to the standard error of measurement. Furthermore, higher PPT differences were observed in
the VG when compared to the CG at the end of the intervention period (1.96 N/cm? of difference at T1,
5.33 N/cm? at T5 and 8.28 N/cm? at T0). Improvements achieved with VT in the VG occurred in a
continuous fashion throughout the treatment period, with stronger effects as the treatment progressed.
This behaviour could be attributable to the possible cumulative effects of the VT sessions [53].
Nevertheless, caution should be taken when interpreting the differences obtained between VG and CG
because, although they could be due to the specific effects of the VT, they could also be caused by 'non-
specific’ factors, such as placebo or patient expectations [54]. In clinical research, it is very difficult to
control for all possible confounding variables, and, once these ‘non-specific’ factors are stripped away
[54, 55], any intervention as a stand-alone treatment is of questionable efficacy [56].

Only short-term changes in PPT at MTrPs have been reported by previous studies [10, 50]. The
linear trend on PPT as observed in our results seems to indicate that PPT improvement would continue to
increase with a greater number of sessions. Further studies are necessary to confirm these preliminary

results in order to evaluate the long-term effects of VT on PPT.

Positive effects on PPT at cervical MTrPs have been previously reported in the literature when
applying different modalities of treatment. Therapies such as ischemic compression [10, 12], cupping
[50], dry needling [12, 15], or spinal thrust manipulation [57] have demonstrated positive effects on PPT
at MTrPs located in the cervical region. However, other self-management strategies such as therapeutic
exercise have also been identified as beneficial for people with neck pain. According to the results of a
recent systematic review [58], the use of specific strengthening exercises, whether isolated or combined
with endurance or stretching exercises as a part of routine practice, have been shown to be an effective
approach for people suffering from neck pain.

Although the underlying mechanisms of pain relief were not specifically addressed in this study,
some discussion is warranted. VT may have exerted its effects by local mechanisms, such as increasing
blood flow [26, 46] or normalizing the length of sarcomeres [11], which are two proposed mechanisms of
action for interventions in MTrPs [11]. Besides, mechanical stimulation resulting from the application of

VT may have activated AP fibres and consequently led to a segmental inhibition at the spinal cord level

13
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via the gate control mechanism. Based on gate control hypothesis [59], it could be inferred that vibration
strongly impacts upon afferent discharges from fast adapting mechanoreceptors and muscle spindles and
hence acts as an effective pain reliever. As VT is a painless procedure, descending pain modulation
mechanisms should not, in theory, come into action, although their effects should not be ignored. Another
possible explanation with regard to pain relief mechanisms may be found in mechanotransduction
theories. It is accepted that the mechanism of action of vibration treatment involves some form of
mechanotransduction, which refers to the conversion of a mechanical force into a cellular and molecular
response [60]. These cellular responses, in turn, promote structural change through tissue repair and
remodelling [61]. However, although the adaptive ability of tissues in response to mechanical stimuli has
long been established, the precise mechanisms underlying the response at the cellular and molecular
levels have only recently begun to be unravelled identified and remain to be fully elucidated [60]. Muscle
tissue is highly responsive to changes in functional demands through the modulation of load-induced
pathways [61]. Nevertheless, the clinical application of mechanotherapy for muscle injury is based on

animal studies [62], so conclusions should be reached with caution.

It is known that MTrPs in the neck and shoulder muscles may play an important role in the
genesis of mechanical neck pain, or contribute to pain symptoms in individuals with mechanical neck
pain [63]. Moreover, persistence of MTrPs in neck muscles can result in headache, dizziness, limited
range of motion in the neck, muscle weakness, abnormal sensation, autonomic dysfunction, and disability
[64]. Treatment of myofascial pain is based on inactivating the MTrPs. The most common conservative
interventions for this purpose are ischemic compression and dry needling [65, 66]. However, to the best
of our knowledge, VT has never been employed as a treatment alternative for MTrPs. Consequently, our
results are not comparable with previous studies. Nevertheless, VT was found to be effective for
treatment and prevention of DOMS [24, 28, 67]. An important overlap between the physiopathological
mechanisms of eccentric contraction, which induces DOMS, and the development of MTrPs has been
suggested [68], but future studies should compare the effectiveness of VT in people with DOMS and

MTTYPs to see if effects are comparable.

4.1. Limitations
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There are some limitations to our study that should be acknowledged. First of all, the obtained
findings may be somewhat limited by the sample size. While the number of subjects allowed finding
significant differences between VG and CG, and within the VG along the treatment, the sample size
effect is moderate in one-way ANOVAs performed at T10 (0.04 < n? < 0.36). This limited sample size
could reduce the generalizability of our findings to the general population. A greater sample size, which
increases variability, could strengthen the magnitude of effect, as well as enable the comparison of results
between different muscles or subject characteristics, such as gender or age. Further studies including
more patients are therefore recommended. Secondly, since non-specific effects were not strictly
controlled for this study, they should not be overlooked. Future studies should take into account
confounding factors such as placebo, patient expectations or possible central sensitization patterns.
Finally, as only the trapezius and levator scapulae muscles were considered in this study, our findings
cannot be extrapolated to other locations. Future studies should further explore the effect of VT in other

body regions/muscles. More research is also needed to determine long-term effects of VT.

5. CONCLUSIONS

This pilot study shows that 10 sessions of self-administered VT using 35-50 Hz frequency ranges
improved pressure pain sensitivity over trapezius and levator scapulae MTrPs and self-reported neck pain
and disability in patients with chronic non-specific neck pain. Further large population studies are needed
to determine the true efficacy of VT. Thus, self-applied VT may be an effective intervention for releasing
non-specific neck pain and this tool could be used as part of a comprehensive physical therapy

programme.

Acknowledgments

We would like to thank all the participants as well as the European Sleep Care Institute for making this

study possible.

Funding

15



377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

This research did not receive any specific grant from funding agencies in the public, commercial, or not-

for-profit sectors.

Declaration of interest

None.

REFERENCES

1. Simons DG, Travell J, Simons LS. Myofascial pain and dysfunction. The trigger point manual.

Volume 1. 2nd ed. Baltimore: Williams & Wilkins; 1999.

2. Fleckenstein J, Zaps D, Riiger LJ, et al. Discrepancy between prevalence and perceived
effectiveness of treatment methods in myofascial pain syndrome: results of a cross-sectional,
nationwide survey. BMC Musculoskelet Disord. 2010;11:32. https://doi.org/10.1186/1471-2474-

11-32.

3. Gordon SJ, Grimmer-Somers KA, Trott PH. Pillow use: the behavior of cervical stiffness,
headache and scapular/arm pain. J Pain Res. 2010;3:137-145.

https://doi.org/10.2147/jpr.s10880.

4. Artner J, Cakir B, Spiekermann JA, et al. Prevalence of sleep deprivation in patients with
chronic neck and back pain: a retrospective evaluation of 1016 patients. J Pain Res. 2013;6:1-6.

https://doi.org/10.2147/JPR.S36386.

5. Lobbezoo F, Visscher CM, Naeije M. Impaired health status, sleep disorders, and pain in the

craniomandibular and cervical spinal regions. Eur J Pain. 2004;8:23-30.

https://doi.org/10.1016/S1090-3801(03)00061-2.

16


http://www.ncbi.nlm.nih.gov/pubmed/?term=Fleckenstein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20149248
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaps%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20149248
http://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%BCger%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=20149248

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

10.

11.

12.

13.

Simons DG. Review of enigmatic MTrPs as a common cause of enigmatic musculoskeletal pain
and dysfunction. J Electromyogr Kinesiol. 2004;14(1):95-107.

https://doi.org/10.1016/j.jelekin.2003.09.018.

Celik D, Mutlu EK. Clinical implication of latent myofascial trigger point. Curr Pain Headache

Rep. 2013;17(8):353. https://doi.org/10.1007/s11916-013-0353-8.

Lucas K, Polus B, Rich P. Latent myofascial trigger points: their effects on muscle activation
and movement efficiency. J Bodyw Mov Ther. 2004;8(3):160-6.

https://doi.org/10.1016/j.jomt.2003.12.002.

Vernon H, Schneider M. Chiropractic management of myofascial trigger points and myofascial
pain syndrome: a systematic review of the literature. J Manipulative Physiol Ther.

2009;32(1):14-24. https://doi.org/10.1016/j.jmpt.2008.06.012.

Sarrafzadeh J, Ahmadi A, Yassin M. The effects of pressure release, phonophoresis of
hydrocortisone, and ultrasound on upper trapezius latent myofascial trigger point. Arch Phys

Med Rehabil. 2012;94(11):2146-50. https://doi.org/10.1016/j.apmr.2011.08.001.

Cagnie B, Dewitte V, Barbe T, et al. Physiologic effects of dry needling. Curr Pain Headache

Rep. 2013;17(8):348. https://doi.org/10.1007/s11916-013-0348-5.

Cagnie B, Castelein B, Pollie F, et al. Evidence for the use of ischemic compression and dry
needling in the management of trigger points of the upper trapezius in patients with neck pain: a
systematic review. Am J Phys Med Rehabil. 2015;94(7):573-583.

https://doi.org/10.1097/PHM.0000000000000266.

Hong CZ, Chen YC, Pon CH, Yu J. Inmediate effects of various physical medicine modalities on
pain threshold of an active myofascial trigger point. J Musculoskel Pain. 1993;1(2):37-53.

https://doi.org/10.1300/J094v01n02_04.

17


https://doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/25768071

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

14.

15.

16.

17.

18.

19.

20.

Kietrys DM, Palombaro KM, Azzaretto E, et al. Effectiveness of dry needling for upper-quarter
myofascial pain: a systematic review and meta-analysis. J Orthop Sports Phys Ther.

2013;43(9):620-34. https://doi.org/10.2519/jospt.2013.4668.

Pecos-Martin D, Montafiez-Aguilera FJ, Gallego-lzquierdo T, et al. Effectiveness of dry
needling on the lower trapezius in patients with mechanical neck pain: a randomized controlled

trial. Arch Phys Med Rehabil. 2015;96(5):775-81. https://doi.org/10.1016/j.apmr.2014.12.016.

Kim DH, Yoon DM, Yoon KB. The effects of myofascial trigger point injections on nocturnal
calf cramps. J Am Board Fam Med. 2015;28(1):21-7.

https://doi.org/10.3122/jabfm.2015.01.140151.

Weerapong P, Hume PA, Kolt GS. The mechanisms of massage and effects on performance,
muscle recovery and injury prevention. Sports Med. 2005;35(3):235-56.

https://doi.org/10.2165/00007256-200535030-00004.

Franklin NC, Ali MM, Robinson AT, Norkeviciute E, Phillips SA. Massage therapy restores
peripheral vascular function after exertion. Arch Phys Med Rehabil. 2014;95(6):1127-34.

https://doi.org/10.1016/j.apmr.2014.02.007.

Frey Law LA, Evans S, Knudtson J, Nus S, Scholl K, Sluka KA. Massage reduces pain
perception and hyperalgesia in experimental muscle pain: a randomized, controlled trial. J Pain.

2008;9(8):714-21. https://doi.org/10.1016/j.jpain.2008.03.009.

Khamwong P, Pirunsan U, Paungmali A. A prophylactic effect of massage on symptoms of

muscle damage induced by eccentric exercise of the wrist extensors. J Bodyw Mov Ther.

2011;15(4):507-16.

18


http://www.ncbi.nlm.nih.gov/pubmed/?term=Pecos-Mart%C3%ADn%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25582412
http://www.ncbi.nlm.nih.gov/pubmed/?term=Monta%C3%B1ez-Aguilera%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=25582412
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gallego-Izquierdo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25582412
http://www.ncbi.nlm.nih.gov/pubmed/25582412
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=25567819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoon%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=25567819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoon%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=25567819
http://www.ncbi.nlm.nih.gov/pubmed/25567819
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franklin%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=24583315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24583315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=24583315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norkeviciute%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24583315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=24583315
http://www.ncbi.nlm.nih.gov/pubmed/?term=massage+therapy+restores+peripheral+vascular+function+after+exertion

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

21,

22,

23.

24,

25,

26.

27.

28.

Lindemann K, Teirich-Leube H, Heipertz W. Tratado de Rehabilitacion. Estudio preventivo,

médico, laboral y social. Volume 1. Labor S.A. Barcelona; 1970.

Kraft K, Kanter S, Janik H. Safety and effectiveness of vibration massage by deep oscillations: a

prospective observational study. Evid Based Complement Alternat Med. 2013;2013:1-10.

https://doi.org/10.1155/2013/679248.

Issurin VB. Vibrations and their applications in sport: a review. J Sports Med Phys Fitness.

2005;45(3):324-36.

Veqar Z, Imtiyaz S. Vibration therapy in management of delayed onset muscle soreness

(DOMS). J Clin Diagn Res. 2014;8(6):LEO1-4. https://doi.org/10.7860/JCDR/2014/7323.4434.

Jahr S, Schoppe B, Reisshauer A. Effect of treatment with low-intensity and extremely low-
frequency electrostatic fields (deep oscillation) on breast tissue and pain in patients with
secondary breast lymphedema. J Rehabil Med. 2008;40(8):645-50.

https://doi.org/10.2340/16501977-0225.

Armstrong WJ, Grinnell DC, Warren GS. The acute effect of whole-body vibration on the
vertical jJump height. J Strenght Cond Res. 2010;24(10):2835-9.

https://doi.org/10.1519/JSC.0b013e3181e271cc.

Lundeberg T, Nordemar R, Ottoson D. Pain alleviation by vibratory stimulation. Pain.

1984;20(1):25-44. https://doi.org/10.1016/0304-3959(84)90808-X.

Imtiyaz S, Vegar Z, Shareef MY. To compare the effect of vibration therapy and massage in
prevention of delayed onset muscle soreness (DOMS). J Clin Diagn Res. 2014;8(1):133-6.

https://doi.org/10.7860/JCDR/2014/7294.3971.

19



491

492

493

494
495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

29.

30.

31.

32.

33.

34.

35.

36.

Peer K, Barkley J, Knapp D. The acute effects of local vibration therapy on ankle sprain and
hamstring strain injuries. Phys Sportsmed. 2009;37(4):31-8.

https://doi.org/10.3810/psm.2009.12.1739.

Gam AN, Warming S, Larsen LH, et al. Treatment of myofascial trigger-points with ultrasound
combined with massage and exercise: a randomized controlled trial. Pain. 1998;77(1):73-9.

https://doi.org/10.1016/S0304-3959(98)00084-0.

Chan YC, Wang TJ, Chang CC, et al. Short-term effects of self-massage combined with home
exercise on pain, daily activity, and autonomic function in patients with myofascial pain

dysfunction syndrome. J Phys Ther Sci. 2015;27(1):217-21. https://doi.org/10.1589/jpts.27.217.

Hutting N, Johnston V, Staal JB, Heerkens YF. Promoting the use of self-management strategies
for people with persistent musculoskeletal disorders: the role of physical therapists. J Orthop

Sports Phys Ther. 2019 Ap;49(4):212-215. https://doi.org/10.2519/jospt.2019.0605.

Jonkman NH, Schuurmans MJ, Jaarsma T, Shortridge-Baggett LM, Hoes AW, Trappenburg JC.
Self-management interventions: proposal and validation of a new operational definition. J Clin

Epidemiol. 2016;80:34-42. https://doi.org/10.1016/j.jclinepi.2016.08.001.

Hutting N, Johnston V, Richardson J, Walsh N. The role of self-management in the treatment of
musculoskeletal disorders [symposium]. World Confederation for Physical Therapy Congress;

July 2-4, 2017; Cape Town, South Africa.

Bal MI, Sattoe JN, Roelofs PD, Bal R, van Staa A, Miedema HS. Exploring effectiveness and
effective components of self-management interventions for young people with chronic physical
conditions: a systematic review. Patient Educ Couns. 2016;99:1293-13009.

https://doi.org/10.1016/j.pec.2016.02.012.

Vernon H, Mior S. The Neck Disability Index: a study of reliability and validity. J Manipulative

Physiol Ther. 1991;14(7):409-15.

20


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gam%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=9755021
http://www.ncbi.nlm.nih.gov/pubmed/?term=Warming%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9755021
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larsen%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=9755021
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=25642077
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=25642077
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=25642077
http://www.ncbi.nlm.nih.gov/pubmed/?term=Short-term+effects+of+self-massage+combined+with+home+exercise+on+pain%2C+daily+activity%2C+and+autonomic+function+in+patients+with+myofascial+pain+dysfunction+syndrome
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vernon%20H%5BAuthor%5D&cauthor=true&cauthor_uid=1834753
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mior%20S%5BAuthor%5D&cauthor=true&cauthor_uid=1834753
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vernon+and+Mior%2C+1991
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vernon+and+Mior%2C+1991

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

37.

38.

39.

40.

41.

42.

43.

De-la-Llave-Rincon Al, Alonso-Blanco C, Gil-Crujera A, Ambite-Quesada S, Svensson P,
Fernandez-de-Las-Pefias C. Myofascial trigger points in the masticatory muscles in patients with
and without chronic mechanical neck pain. J Manipulative Physiol Ther. 2012;35:678-84.

https://doi.org/10.1016/j.jmpt.2012.10.008.

Fernandez-de-Las-Pefias C, Dommerholt J. International consensus on diagnostic criteria and
clinical considerations of myofascial trigger points: a Delphi study. Pain Med. 2018;19(1):142-

150. https://doi.org/10.1093/pm/pnx207.

Vernon H. The Neck Disability Index: state-of-the-art, 1991-2008. J Manipulative Physiol Ther.

2008;31(7):491-502. https://doi.org/10.1016/j.jmpt.2008.08.006.

Andrade Ortega JA, Delgado Martinez AD, Almécija Ruiz R. Validation of the spanish version
of the Neck Disability Index. Spine (Phila Pa 1976). 2010;35(4): E114-8.

https://doi.org/10.1097/BRS.0b013e3181afea5d.

Lluch E, Arguisuelas MD, Coloma PS, Palma F, Rey A, Falla D. Effects of deep cervical flexor
training on pressure pain thresholds over myofascial trigger points in patients with chronic neck
pain. J Manipulative Physiol Ther. 2013;36(9):604-11.

https://doi.org/10.1016/j.jmpt.2013.08.004

Chesterton LS, Barlas P, Foster NE, Baxter GD, Wright CC. Gender differences in pressure pain

threshold in healthy humans. Pain. 2003;101(3):259-66. https://doi.org/10.1016/S0304-

3959(02)00330-5.

Vanderweeén L, Oostendorp RA, Vaes P, Duquet W. Pressure algometry in manual therapy.

Man Ther. 1996;1(5):258-65. https://doi.org/10.1054/math.1996.0276.

21


http://www.ncbi.nlm.nih.gov/pubmed/?term=Chesterton%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=12583868
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barlas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12583868
http://www.ncbi.nlm.nih.gov/pubmed/?term=Foster%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=12583868
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baxter%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=12583868
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=12583868
http://www.ncbi.nlm.nih.gov/pubmed/12583868

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

44,

45,

46.

47.

48.

49,

50.

51.

Ylinen J, Nykénen M, Kautiainen H, H&kkinenA. Evaluation of repeatability of pressure
algometry on the neck muscles for clinical use. Man Ther. 2007;12(2):192-7.

https://doi.org/10.1016/j.math.2006.06.010.

Walton DM, Macdermid JC, Nielson W, Teasell RW, Nailer T, Maheu P. A descriptive study of
pressure pain threshold at 2 standardized sites in people with acute or subacute neck pain. J

Orthop Sports Phys Ther. 2011;41(9):651-7. https://doi.org/10.2519/jospt.2011.3667.

Kreimer AJ. The low-frequency vibrations as a curative factor. Tomsk; 1972.

Alguacil IM, Conches MG, Fraile A, Morales M. Vibratory platforms: Neurophysiological
bases, physiological effects and therapeutic applications. Arch Med Deporte. 2009;26(130):119-

29.

Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Hillsdale, NJ: Erlbaum;

1988.

MacDermid JC, Walton DM, Avery S, et al. Measurement properties of the neck disability
index: a systematic review. J Orthop Sports Phys Ther. 2009;39(5):400-16.

https://doi.org/10.2519/jospt.2009.2930.

Lauche R, Cramer H, Hohmann C, et al. The effect of traditional cupping on pain and
mechanical thresholds in patients with chronic nonspecific neck pain: a randomized controlled
pilot study. Evid Based Complement Alternat Med. 2012;2012:429718.

https://doi.org/10.1155/2012/429718.

Sherman KJ, Cherkin DC, Hawkes RJ, Miglioretti DL, Deyo RA. Randomized trial of

therapeutic massage for chronic neck pain. Clin J Pain. 2009;25(3):233-8.

https://doi.org/10.1097/AJP.0b013e31818b7912.

22


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lauche%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22203873
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cramer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22203873
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hohmann%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22203873
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Effect+of+Traditional+Cupping+on+Pain+andMechanical+Thresholds+in+Patients+with+Chronic+Nonspecific+Neck+Pain%3A+A+Randomised+Controlled+Pilot+Study

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608
609

610

611

52.

53.

54,

55.

56.

57.

58.

59.

Walton D, MacDermid J, Nielson W, Teasell R, Chiasson M, Brown L. Reliability, standard
error, and minimum detectable change of clinical pressure pain threshold testing in people with
and without acute neck pain. J Orthop Sports Phys Ther. 2011;41(9):644-50.

https://doi.org/10.2519/jospt.2011.3666.

Voogt L, de Vries J, Meeus M, Struyf F, Meuffels D, Nijs J. Analgesic effects of manual therapy
in patients with musculoskeletal pain: a systematic review. Man Ther. 2015;20(2):250-6.

https://doi.org/10.1016/j.math.2014.09.001.

Bialosky JE, Beneciuk JM, Bishop MD, et al. Unraveling the mechanisms of manual therapy:
modeling an approach. J Orthop Sports Phys Ther. 2017;15:1-31.

https://doi.org/10.2519/jospt.2018.7476.

Bishop MD, Mintken PE, Bialosky JE, et al. Patient expectations of benefit from interventions
for neck pain and resulting influence on outcomes. J Orthop Sports Phys Ther. 2013;43(7):457-

65. https://doi.org/10.2519/jospt.2013.4492.

Mintken PE, Rodeghero J, Cleland JA. Manual therapists - Have you lost that loving feeling?! J

Man Manip Ther. 2018;26(2):53-54. https://doi.org/10.1080/10669817.2018.1447185

Mansilla-Ferragut P, Fernandez-de-Las Pefias C, Alburquerque-Sendin F, Cleland JA, Boscé-
Gandia JJ. Immediate effects of atlanto-occipital joint manipulation on active mouth opening and
pressure pain sensitivity in women with mechanical neck pain. J Manipulative Physiol Ther.

2009;32(2):101-6. https://doi.org/10.1016/j.jmpt.2008.12.003.

Gross AR, Paquin JP, Dupont G, et al. Exercises for mechanical neck disorders: A Cochrane

review update. Man Ther. 2016;24:25-45. https://doi.org/10.1016/j.math.2016.04.005.

Melzack R, Wall PD. Pain mechanisms: a new theory. Science. 1965;150(3699):971-9.

https://doi.org/10.1126/science.150.3699.971.

23


https://doi.org/10.1080/10669817.2018.1447185
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mansilla-Ferragut%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez-de-Las%20Pe%C3%B1as%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alburquerque-Send%C3%ADn%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cleland%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosc%C3%A1-Gand%C3%ADa%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosc%C3%A1-Gand%C3%ADa%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19243721
http://www.ncbi.nlm.nih.gov/pubmed/19243721
https://doi.org/10.1016/j.math.2016.04.005
https://doi.org/10.1126/science.150.3699.971

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

60.

61.

62.

63.

64.

65.

66.

67.

Thompson WR, Scott A, Loghmani MT, Ward SR, Warden SJ. Understanding mechanobiology:
physical therapists as a force in mechanotherapy and musculoskeletal regenerative rehabilitation.

Phys Ther. 2016;96(4):560-9. https://doi.org/10.2522/ptj.20150224.

Khan KM, Scott A. Mechanotherapy: how physical therapists’ prescription of exercise promotes

tissue repair. Br J Sports Med. 2009;43(4):247-52. https://doi.org/10.1136/bjsm.2008.054239.

Jérvinen TA, Jérvinen TL, Kaariainen M, et al. Muscle injuries: optimising recovery. Best Pract

Res Clin Rheumatol. 2007;21:317-31. https://doi.org/10.1016/j.berh.2006.12.004

Mufoz-Mufioz S, Mufioz-Garcia MT, Alburquerque-Sendin F, Arroyo-Morales M, Fernandez-
de-las-Pefias C. Myofascial trigger points, pain, disability, and sleep quality in individuals with
mechanical neck pain. J Manipulative Physiol Ther. 2012;35(8):608-13.

https://doi.org/10.1016/j.jmpt.2012.09.003.

Fernandez-de-las-Pefias C, Alonso-Blanco C, Miangolarra JC. Myofascial trigger points in
subjects presenting with mechanical neck pain: a blinded, controlled study. Man Ther.

2007;12:29-33. https://doi.org/10.1016/j.math.2006.02.002.

Giamberardino MA, Affaitati G, Fabrizio A, Costantini R. Myofascial pain syndromes and their
evaluation. Best Pract Res Clin Rheumatol. 2011;25:185-98.

https://doi.org/10.1016/j.berh.2011.01.002.

Cummings M, Baldry P. Regional myofascial pain: diagnosis and management. Best Pract Res

Clin Rheumatol. 2007;21(2):367-87. https://doi.org/10.1016/j.berh.2006.12.006

Lu X, Wang Y, Lu J, et al. Does vibration benefit delayed-onset muscle soreness?: a meta-

analysis and systematic review. J Int Med Res. 2019;47(1):3-18.

https://doi.org/10.1177/0300060518814999.

24



642

643

644

645
646
647
648

649
650

651

68. Itoh K, Okada K, Kawakita K. A proposed experimental model of myofascial trigger points in
human muscle after slow eccentric exercise. Acupunct Med. 2004;22(1):2-12.

https://doi.org/10.1136/aim.22.1.2.

25


https://doi.org/10.1136/aim.22.1.2

652

653
654
655

656
657

Table 1. Baseline demographic and clinical characteristics of trial groups

Variable VG values* CG values*
(n=11) (n=11)

Age (years) 34.57 (6.21) 31.36 (10.79)

Sex (n male/n female) 6/5 3/8

NDI (0-50) 8.75 (3.80) 7.5 (4.58)

PPT trapezius painful side 32.65 (16.59) 32.23(9.92)

(N/cm?) trapezius non-painful side 30.00 (13.80) 29.09 (5.56)

levator scapulae painful side

levator scapulae non-painful side

38.17 (18.60)

36.40 (16.77)

34.80 (10.57)

32.44 (8.70)

*Values are mean (SD) or as otherwise indicated.
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658 Table 2. y? values, significance and Kendall’s W values for Friedman’s ANOVAs

NDI  Total PPT (N/cm?)

v 19.35 87.10
Sig. 0.000 0.000
Kendall’s W 0.28 0.73

659

27



660  Table 3. Significant differences in NDI and total PPT (N/cm?) from Wilcoxon comparison tests for steps
661  treatment (after applying Bonferroni adjustments in p-values).

662
NDI Total PPT (N/cm?)
Treatment Step Z value Treatment Step Z value
U] () o= ] () =)
T10 TO -4.735%**  T10 TO -5.425%**
TS5 -2.744%%* T1 -5.055%**
T5 TO -2.218** T5 -3.455%**
T5 TO -5.174%**
T1 -5.132%**
T1 TO -3.399%**
663 ***p <0.001. ** p<0.05.
664
665
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