
Citation: Melo, A.S.C.; Taylor, J.L.;

Ferreira, R.; Cunha, B.; Ascenção, M.;

Fernandes, M.; Sousa, V.; Cruz, E.B.;

Vilas-Boas, J.P.; Sousa, A.S.P.

Differences in Trapezius Muscle

H-Reflex between Asymptomatic

Subjects and Symptomatic Shoulder

Pain Subjects. Sensors 2023, 23, 4217.

https://doi.org/10.3390/s23094217

Academic Editor: Ernest

N. Kamavuako

Received: 1 March 2023

Revised: 12 April 2023

Accepted: 20 April 2023

Published: 23 April 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sensors

Article

Differences in Trapezius Muscle H-Reflex between
Asymptomatic Subjects and Symptomatic Shoulder
Pain Subjects
Ana S. C. Melo 1,2,3,4 , Janet L. Taylor 5,6, Ricardo Ferreira 1 , Bruno Cunha 1 , Manuel Ascenção 1,
Mathieu Fernandes 1, Vítor Sousa 1, Eduardo B. Cruz 7,8 , J. Paulo Vilas-Boas 3,9 and Andreia S. P. Sousa 1,*

1 Center for Rehabilitation Research, ESS (Escola Superior de Saúde), Polytechnic of Porto,
Rua Dr. António Bernardino de Almeida, 400, 4200-072 Porto, Portugal

2 Research Centre in Physical Activity, Health and Leisure, Faculty of Sport, University of Porto,
Rua Dr. Plácido Costa, 91, 4200-450 Porto, Portugal

3 Porto Biomechanics Laboratory (LABIOMEP-UP), University of Porto, Rua Dr. Plácido Costa, 91,
4200-450 Porto, Portugal

4 Center for Interdisciplinary Applied Research in Health, School of Health, Setubal Polytechnic Institute,
Campus do IPS Estefanilha, 2914-503 Setubal, Portugal

5 Centre for Human Performance, School of Medical and Health Sciences, Edith Cowan University,
Perth, WA 6027, Australia

6 Neuroscience Research Australia, Sydney, NSW 2031, Australia
7 Department of Physiotherapy, Escola Superior de Saúde, Instituto Politécnico de Setúbal,

Campus do IPS Estefanilha, 2914-503 Setúbal, Portugal
8 Comprehensive Health Research Center (CHRC), Universidade Nova de Lisboa, 1169-056 Lisboa, Portugal
9 Centre of Research, Education, Innovation and Intervention in Sport (CIFI2D), Faculty of Sport,

University of Porto, Rua Dr. Plácido Costa, 91, 4200-450 Porto, Portugal
* Correspondence: asp@ess.ipp.pt

Abstract: In chronic shoulder pain, adaptations in the nervous system such as in motoneuron
excitability, could contribute to impairments in scapular muscles, perpetuation and recurrence of pain
and reduced improvements during rehabilitation. The present cross-sectional study aims to compare
trapezius neural excitability between symptomatic and asymptomatic subjects. In 12 participants
with chronic shoulder pain (symptomatic group) and 12 without shoulder pain (asymptomatic group),
the H reflex was evoked in all trapezius muscle parts, through C3/4 nerve stimulation, and the
M-wave through accessory nerve stimulation. The current intensity to evoke the maximum H reflex,
the latency and the maximum peak-to-peak amplitude of both the H reflex and M-wave, as well as
the ratio between these two variables, were calculated. The percentage of responses was considered.
Overall, M-waves were elicited in most participants, while the H reflex was elicited only in 58–75% or
in 42–58% of the asymptomatic and symptomatic participants, respectively. A comparison between
groups revealed that the symptomatic group presented a smaller maximum H reflex as a percentage
of M-wave from upper trapezius and longer maximal H reflex latency from the lower trapezius
(p < 0.05). Subjects with chronic shoulder pain present changes in trapezius H reflex parameters,
highlighting the need to consider trapezius neuromuscular control in these individuals’ rehabilitation.

Keywords: shoulder pain; Hoffmann reflex; motoneuron recruitment; trapezius muscle; scapular
stability; feedback mechanisms

1. Introduction

The nervous system (NS) acts through the relationship between excitation and inhi-
bition [1], which could be altered in conditions such as pain [2]. In acute musculoskeletal
pain conditions, the presence in the muscle of substances such as bradykinin, substance P
or serotonin [3] leads to reduced nociceptor thresholds [4] as a protective response against
injury [4,5]. However, with time, the repeated discharge of the peripheral nociceptors [6]
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and an impaired balance between descending inhibitory mechanisms and the pain facili-
tator pathways can lead to changes in the central modulation of sensory input from the
muscle [2,3]. Thus, increased central excitability [5] of dorsal horn neurons [3] as well as
enhanced response to inputs (hypersensitivity), known as central sensitization [2], may be
experienced by some subjects with chronic pain, such as shoulder pain [5]. At the same
time, an adaptation of the motor strategy to protect the painful area [7,8] and maintain
the motor output [8], could lead to changes at the muscular level [3–5,7,8]. Both painful
and non-affected muscles seem to change their mechanical behavior and activity [8,9].
These adaptations to pain are heterogeneous between subjects [10], vary with tasks and
muscles [7,8] and their protective action could lead to consequences such as, for example,
increased load to non-painful structures and decreased movement and variability [7].

Shoulder pain conditions stand out for their high prevalence in the general population,
their prolonged recovery, and associated recurrences [11,12]. Some muscular changes [7,13]
have been related to CNS adaptation mechanisms [14]. The adaptations in muscular
mechanical behavior [8], together with possible changes in motoneuron or cortical excitabil-
ity [7] and sensitization [2–5], might explain the maintained shoulder pain condition [2]
and the high prevalence of pain recurrences in shoulder non-degenerative conditions [15]
and could be the reason why rehabilitation is not always effective [10] or quick [2]. Beyond
the alterations in the rotator cuff and other scapular musculature, previous studies have
reported changes in trapezius muscle activity in subjects with maintained or recurrent
shoulder pain. These changes include inhibition and/or changed timing of activation [16]
of the lower (LT) and middle (MT) portions of trapezius, together with inconsistent findings
regarding the upper portion (UT) [17,18]. Thus, for UT, some studies reported excessive
activation [19–23] while others reported decreased UT activation [17,18,24]. These opposite
findings regarding UT could possibly be related to two conditions. Some authors believe
that increased UT activity could be related to the pain and the trigger points usually found
over it [25], or to a compensatory strategy to elevate the arm during shoulder pain through
increased clavicular elevation and, consequently, scapular elevation [21]. By contrast, other
authors have associated impaired UT activity with the scapular dyskinesis presentation,
namely scapular depression and upward rotation [18]. Nevertheless, it is important to
mention that although this tonic scapular stabilizer [24] is considered by some authors to be
responsible for scapular upward rotation, together with serratus anterior [18,26], the main
role of UT is in clavicular motions (rotation, retraction and elevation). Its influence on the
scapula occurs as a consequence, contributing in this way to scapula elevation and only for
approximately 25% of upward rotation [27,28]. In addition to the mentioned adaptations, a
previous study [29] also reported changes in a long-latency trapezius muscle reflex when
comparing UT and LT of subjects with shoulder instability with healthy subjects. More
specifically, in the case of shoulder instability, LT showed delayed or absent reflexes evoked
from the afferents of the forearm and hand, which could reflect an impaired LT contribution
to scapular stability during the use of the arm and hand [29].

Considering these facts, and remembering that muscular activity is exposed to the de-
scending and reflex controls [30] that contribute to the scapular stability and movement [29],
and that could be altered with shoulder pain, studies regarding muscular modulation in
other shoulder pain conditions may add helpful knowledge [31] to improve the rehabilita-
tion process [29]. The H reflex neural circuit occurs via a mainly monosynaptic connection
in the spinal cord, whereby electrical stimulation of the group Ia afferents leads to an
excitatory volley onto the motoneurons, evoking motoneuron depolarization/excitation
and a consequent activation of the muscle fibers [32,33]. Thus, it can evaluate the modula-
tion of monosynaptic reflex activity in the spinal cord [31,34,35] by assessing motoneuron
excitability [31,34,35], independently of the muscle mechanoreceptors [33]. H reflex assess-
ment could then be a useful tool to identify adaptations in the function of spinal structures
following pain conditions or also therapeutic interventions [33]. Previous studies involving
painful conditions in other body regions have found alterations in H reflexes. Painful areas
in the gastrocnemius were associated with a decreased threshold and increased amplitude
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of H reflexes [36] but reductions in H reflex amplitude [9,37], as well as increases in thresh-
old [37,38] and latency [37], occurred in the vastus medialis in patellofemoral pain [9] and
soleus [37,38] in chronic low back pain and lumbosacral radiculopathy [37,38].

Unusually, the trapezius innervation is split between the C3/4 nerve (sensory infor-
mation) and the accessory nerve (motor component) [13,31,39,40]. Thus, the amplitude of
the maximum H reflex (evoked through stimulation of the C3/4 nerve) is little influenced
by the M-wave [13], as the absence of motor axon direct activation [39] avoids collision
between action potentials of the evoked reflex responses and the antidromic impulses
evoked from the motor axon stimulation [13,31]. Despite the mentioned facts and the
changes related to shoulder pain, the H reflex of the trapezius muscle [13,30,31,39,41] has
not been studied in people with shoulder pain.

The present study, by investigating a neurophysiologic variable possibly related to
shoulder pain adaptations, aimed to assess the possible differences in trapezius neural
excitability between symptomatic and asymptomatic subjects. The reduction in H reflexes in
other painful conditions [9,36–38] supports the hypothesis of a decreased H reflex response,
with increased threshold and latency in symptomatic subjects. The results of the present
study could be helpful for the rehabilitation field by improving knowledge regarding motor
control changes in pain conditions, but could also be useful for technological development
regarding H reflex assessment.

2. Materials and Methods
2.1. Subjects

Twenty-four volunteers (ten male and fourteen female) took part in this study. Partici-
pants, recruited from a School of Health via personal contact or email, were included in the
symptomatic or asymptomatic groups, according to the eligibility criteria.

While the asymptomatic group included healthy subjects that had had no shoulder
pain events in the last 2 years, the symptomatic group included subjects that presented
continuous or intermittent (2 or more episodes in the last 3 months) chronic shoulder
pain. Chronic shoulder pain fitted the criteria of: (a) pain in the upper arm, specifically in
shoulder, deltoid and/or scapular areas; (b) non-specific or associated with a diagnosis
(except if mentioned in the exclusion criteria); and (c) lasting more than 3 months. Subjects
with a history of shoulder fracture, dislocation, tears, infection or neoplasm; shoulder surgery;
cervical and/or thoracic pathologies or pain associated with active movements of these regions;
neurological disease; and/or body mass index outside the range 18.5–30 kg/m2 [42–44]
were excluded.

Subjects of the two groups were matched regarding gender, age, and dominant upper
limb. Before participation, all subjects read and signed the informed consent form, and the
study was approved by the local ethical committee (CE0071A).

2.2. Instrumentation

To characterize the participants, two self-reported questionnaires were applied to the
symptomatic group and the scapular dyskinesis classification test was applied to all the
subjects. The numeric rating scale (NRS), which, according to a previous study [45] has
an intra-rater intraclass correlation coefficient (ICC) of 0.84, was used to quantify the pain
intensity from 0 (“no pain”) to 10 (“unbearable pain”) [46]. The Portuguese version [47,48]
of Shoulder Pain and Disability Index (SPADI), with an internal consistency reliability of
α = 0.75 (for pain) and 0.84 (for functional activity), was used to characterize the shoulder
function from 0 (“no pain/no difficulty”) to 100 (“worst pain imaginable/so difficult
required help”) [49]. Scapular dyskinesis test: scapular position and motion were evaluated,
in standing position, at rest and during shoulder abduction and lowering movements [50].
Based on visual observation, a trained physiotherapist classified each participant’s scapular
presentation with a type of scapular dyskinesis (intratester reliability of k = 0.49–0.59 [51]) as:
(1) type I—when the scapula’s inferior angle was posteriorly displaced/prominent [51–54];
(2) type II—when the scapula’s medial border was prominent [51,52,54]; (3) type III—when
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there was excessive elevation of the scapula’s superior border and/or excessive/insufficient
scapular upward rotation [51,52,54]; and (4) type IV—when there was symmetry between
the scapula of the symptomatic side and the contralateral one [53,54].

To record surface electromyographic (EMG) activity and register the H reflex, the
Biopac Systems Inc.—MP 160 Workstation™ (Biopac System Inc., Goleta, CA, USA) was
used with a sampling frequency of 2000 Hz, input impedance of 100 MΩ, a common mode
rejection ratio (CMRR) of 95 dB and a gain of 1000 and an analog-to-digital converter of
12 bits. Data were collected on UT, MT and LT using steel surface electrodes (TSD150,
Biopac Systems Inc., Goleta, CA, USA), bipolar configuration, with an 11.4 mm contact
area and an inter-electrode distance of 20 mm. To evoke the H reflex and M-wave through
nerve stimulation, the constant current stimulator STMISOLA (Biopac System Inc., Santa
Barbara, CA, USA) was used. The locations to place the stimulation electrodes were found
through a motor point pen (Compex Iberica, Barcelona, Spain), which was later replaced
by self-adhesive Ag/AgCl surface electrodes (Lessa, Barcelona, Spain). Acqknowledge®

software (version 3.9, from Biopac Systems Inc., Goleta, CA, USA) was used to create and
apply custom-written scripts for stimulator control, EMG signal acquisition, filtering and
analysis. An auxiliary tool developed in Python (Python Software Foundation, Beaverton,
OR, USA) was used to identify and observe the H reflex and M-wave, as well as to extract
the parameters of interest.

2.3. Positioning of Electrodes for H Reflex and M-Wave Recordings through Electromyography

To assess the H reflex and M-wave responses of the trapezius muscle, steel surface
electrodes were positioned to record EMG from three parts of the trapezius of the painful
(or more painful) shoulder. After the skin had been shaved, abraded, and cleaned, ethanol
electrodes were placed: (a) UT: over a 2 cm laterally to the midpoint of the line between
the spinous process of C7 and the posterior tip of the acromion [55,56]; (b) MT: midway
on a horizontal line between the root of the spine of the scapula and the T3 spinous
process [19,55]; and (c) LT: obliquely, at 2/3 of the distance along the line from the root of
the spine of the scapula to the T8 spinous process [56] (Figure 1). The quality of the raw
signals was checked [55,57] before the data were recorded.

2.4. Electrical Stimulation of C3/4 and Accessory Nerves

To allow the stimulation of nerves responsible for the trapezius sensory (C3/4 nerve)
and motor (accessory nerve) innervation, the process started with the search for the optimal
cathode locations. For this, adhesive electrodes for the anodes were placed just below the
middle point of the clavicle [13,30,31,35,39,41,58], or over the mastoid process [13,31,39,58],
for the C3/4 nerve or the accessory nerve, respectively. Then, single electrical stimuli
(pulse width of 1 ms and intensity of 10 mA) were applied while moving a hand-held
motor point pen around the appropriate areas of the neck: (a) around the anterior surface
of UT above the clavicle, for C3/4 nerve stimulation [13,30,35,39,41,58]; and (b) behind
the sternomastoid muscle and between the level of the jaw and the upper border of the
trapezius, for the accessory nerve [13,39,58] (Figure 1). At the locations where the largest
responses (H reflex (when C3/4 was stimulated), or M-wave (when accessory nerve was
stimulated)) were found, the motor point pen was replaced by self-adhesive electrodes.

During the search for cathode location and also during the process to evoke both H
reflex and M-wave, the participants were asked to maintain a sitting
position [13,30,31,35,39,41,58,59] with 2/3 of the thigh supported, the knee and hip at
90◦ of flexion, the feet on the floor [13,31,39,58] and with the head, pelvis and trunk in a
neutral position. Both hands were supported on a height-adjustable table, with the shoulder
at 90◦ abduction in the scapular plane, with the forearm in neutral position and the elbow
extended. As trapezius H reflex is difficult to elicit at rest [13,31], throughout the H reflex
stimulation the same position was adopted but with no support provided to maintain
the shoulder position. Therefore, participants maintained the shoulder position through
isometric contraction [30,39].
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Figure 1. Study protocol steps needed to evoke H reflex and M-wave. Note that: Ac.—accessory
nerve; C7—C7 spinous process; postAC—posterior tip of the acromion; SpSc—spine of the scapula;
T3—T3 spinous process; T8—T8 spinous process.

Then, after placing the stimulation and recording electrodes, percutaneous electrical
stimulation was delivered separately to the accessory nerve and the C3/4 nerve (Figure 1) by
a constant current stimulator controlled with custom-written scripts. The M-wave recruitment
curve was evoked by accessory nerve stimulation of 1 ms rectangular pulses [13,35,39,58], 10 s
apart, with gradually increased (0.5 mA steps) intensity [13,31,39]. Once the M-wave seemed
to be quite stable [34], only one electrical pulse was delivered at each intensity. Recordings
were made with the subject relaxed [13,31,39,58] and until there was no further increase
in M-wave amplitude in each of the three-trapezius portions in 3 consecutive stimulations,
despite an increase in stimulus intensity [13,31,39]. The maximal M-wave (Mmax) was used
to normalize the amplitude of the H reflex [13].

C3/4 stimulation was delivered to collect H reflex recruitment curves. Given reflex
variability [59], sets of 10 electrical monophasic positive rectangular pulses [30,31,39,41] of
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1 ms [13,35,39,58] were delivered with a 10 s interval [60], for each intensity. The first set
started with the lowest intensity capable of evoking an H reflex, which was identified by a
sequence of single impulses of increasing intensity and at 5 s apart. Then, the intensity was
gradually increased by 0.2 mA steps until no further increase in H reflex amplitude, of any
trapezius portion, was detected, despite increasing stimulus intensity [13,31,39].

2.5. Maximal Voluntary Isometric Contractions (MVICs)

At the end of the protocol, the maximal voluntary isometric contractions (MVICs)
of each trapezius portion were assessed to normalize the EMG activity level that was
produced during the isometric submaximal contraction needed to evoke the H-reflex [UT:
23.0 ± 14.1% and 24.3 ± 14.3% of MVIC; MT: 8.9 ± 12.1% and 11.6 ± 10.7% of MVIC;
LT: 13.9 ± 8.4% and 19.0 ± 10.1% of MVIC, for symptomatic and asymptomatic group,
respectively]. Each MVIC test was based on the recommendations of Cools et al. [55] and
Ekstrom, Soderberg and Donatelli [61]: (a) for UT: shoulder abduction at 90◦ with the neck
in same-side inclination, opposite-side rotation and extension against manual resistance
applied at the head and above the elbow, with the subject seated [61]; (b) for MT: shoulder
horizontal abduction and external rotation against manual resistance applied above the
elbow, with the subject prone [61]; and (c) for LT: shoulder abduction (diagonally at 135◦)
against a manual resistance, applied with the subject prone [55,61]. Three trials of 5 s MVIC
were performed against manual resistance, with 1 min of rest [39] between repetitions to
minimize fatigue [62,63]. The 3 central seconds of each contraction were considered, and
the mean EMG was calculated.

2.6. Data Processing

The EMG signals were digitally filtered with a second-order band-pass Butterworth
filter with cut-off frequencies ranging between 20 and 1000 Hz. Since for the H reflex
10 stimuli were delivered at each intensity, the 10 responses were overlaid as represented
in Figure 2, and averaged for UT, MT, and LT. The latencies of H reflex and M-wave
were measured from the stimulus artifact to the onset of the potential. The peak-to-peak
amplitudes of H reflex and M-wave were calculated through the mathematical difference
between the maximum and minimum values of the compound muscle action potential, for
each trapezius portion (Figures 3 and 4). While the maximum value of H reflex peak-to-
peak amplitude (Hmax) presents information about the maximum number of motor units
reflexively activated [13,38], the maximum peak-to-peak amplitude of M wave (Mmax)
represents the maximum motor response [38]. UT, MT, and LT Hmax/Mmax amplitude
ratios were calculated for each subject.
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is from another, as none of the symptomatic subjects presented the H reflex in the all the trapezius
portions). The black brace represents the latency measurement, while the gray and dotted brace
represents the peak-to-peak amplitude of the H reflex.
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Figure 4. M-wave—representation of the three-trapezius portion in one asymptomatic subject and
one symptomatic subject with chronic shoulder pain: black brace represents the latency measurement
while the gray and dotted brace represents the peak-to-peak amplitude of the M-wave.

2.7. Statistical Analysis

The sample size was calculated with G*Power software (Kiel University, Germany)
using an effect size (d = 1.218) determined from the difference in latency of a reflex in
the lower trapezius found previously between healthy subjects and subjects presenting
non-traumatic shoulder instability [29]. It was found that a sample of 10 individuals per
group was sufficient to detect differences with a power of 0.8 and an alpha of 0.05. To
account for a possible inability to measure the H reflex [13], 12 subjects were included in
each group.

Statistical analysis was carried out using the Statistical Package for Social Science
(SPSS) version 27 (IBM, Inc., Chicago, IL, USA).

The normality of the data distribution was tested through the Shapiro–Wilk test and
histogram analysis. When this assumption was not verified, if possible, a logarithmic or an
inverse tangent transformation [64] was applied. Sample homogeneity was tested through
the t-student test, Mann–Whitney, or chi-square/Monte Carlo. In all tests, p < 0.05 was
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considered significant. The data were reported as mean/median and standard deviation
(SD)/interquartile range (IR) values.

For the comparison of the study variables (the current needed to evoke Hmax (cur-
rent at Hmax), Hmax, Mmax, the percentage of the ratio between Hmax/Mmax (%
Hmax/Mmax) and Mmax and Hmax latencies) between groups, the unpaired-sample
t-test or the Mann–Whitney test were used. The values of effect size (Cohen’s d) are also
presented, except for the variables where a non-parametric test was used. Values higher
than 0.8 were considered to represent a large effect size, those of approximately 0.5 a
moderate effect size, and those less than 0.2 a small effect size [65].

3. Results

Each group contained five male and seven female participants with the demographic
characteristics described in Table 1. Groups were well matched at baseline, except for
scapular positioning, where the asymptomatic group had only 33% of the subjects present-
ing some type of scapular dyskinesis while the symptomatic one presented it for 100% of
the subjects. Symptomatic subjects also presented a moderate level [46] of shoulder pain
(4.42 ± 1.38) and a lower level [49] of functional shoulder disability (17.81 ± 9.02).

Table 1. Groups’ demographic characteristics and frequency of H reflex and M-wave responses.

Asymptomatic Group
(n = 12)

Symptomatic Group
(n = 12) Comparison between Groups

Parameter mean ± SD mean ± SD t p-value

Height (m) 1.7 ± 0.09 1.7 ± 0.08 0.345 0.733

Weight (kg) 69.8 ± 14.02 68.3 ± 14.10 0.269 0.791

BMI (kg/m2) 23.0 ± 3.12 22.9 ± 3.50 0.127 0.900

median ± IR median ± IR U p-value

Age (years) 23.0 ± 9.00 22.0 ± 2.75 58.00 0.443

frequency (n) frequency (n) Pearson X2 p-value

Scapular positioning

Without changes 67% (n = 8) 0% (n = 0)

12.000 0.001 *Presenting a dyskinesis type
33% (n = 4):

Two subjects with type II
and two with type III

100% (n = 12):
Three subjects with type I,
two with type II, four with

type III and two
with type II + III

H reflex—frequency of
responses identified

UT 75% (n = 9) 58% (n = 7) 0.750 0.386
MT 75% (n = 9) 58% (n = 7) 0.750 0.386
LT 58% (n = 7) 42% (n = 5) 0.667 0.414

M-wave—frequency of
responses identified

UT 100% (n = 12) 100% (n = 12) - -
MT 92% (n = 11) 100% (n = 12) 1.043 1.000
LT 100% (n = 12) 100% (n = 12) - -

Footnote—Missing data occurred for H reflexes (indicated by response frequency) when it was not possible to
identify the H reflex after application of the adhesive electrodes or when, instead of an H reflex, an M-wave
response (identified through its latency) occurred during the C3/4 nerve stimulation, possibly due to the stimulus
spreading or the anatomical variation of the C3/4 nerve [58]. Significant results were signed with an *.

Comparison of Trapezius H Reflex and M-Wave between Symptomatic and Asymptomatic Subjects

Statistically significant differences between groups (p = 0.020 and 0.012) were observed
for the UT Hmax/Mmax and LT Hmax latency, respectively (Table 2 and Figures 5 and 6).
The symptomatic group presented a decreased UT Hmax/Mmax (6.20 ± 5.05%), of less
than half of the value for the asymptomatic group (18.58 ± 11.61%), and an increased LT
Hmax latency (14.10 ± 3.15 ms), compared with the asymptomatic one (10.71 ± 1.04 ms).
In Figure 5, note the low dispersion of UT Hmax/Mmax values in the symptomatic group,
while in Figure 6, note the opposite for the LT Hmax latency.
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Table 2. H reflex and M-wave variables.

Asymptomatic Group Symptomatic Group Comparison between Groups Effect Size

Parameter Muscle mean ± SD mean ± SD t p-value

Current at Hmax
(mA)

UT 5.83 ± 1.28 4.75 ± 2.41 1.163 0.264 0.586
MT 5.50 ± 1.34 6.79 ± 5.90 0.448 0.661 0.226
LT 4.79 ± 1.85 5.68 ± 2.95 −0.648 0.532 −0.379

Hmax (mV)
UT 0.34 ± 0.28 0.13 ± 0.10 1.628 0.060 0.957
MT 0.14 ± 0.21 0.15 ± 0.17 −0.053 0.959 −0.027
LT 0.12 ± 0.16 0.04 ± 0.02 0.503 0.630 0.252

Mmax (mV)
UT 1.64 ± 0.99 2.20 ± 1.48 −1.076 0.293 −0.439
MT 1.83 ± 1.38 1.90 ± 0.93 −0.159 0.875 −0.066
LT 2.02 ± 1.10 1.84 ± 0.66 0.494 0.626 0.202

% Hmax/Mmax
UT 18.58 ± 11.61 6.20 ± 5.05 2.619 0.020 * 1.320
MT 10.86 ± 10.95 7.10 ± 8.28 0.741 0.472 0.383
LT 6.33 ± 8.25 2.32 ± 0.96 0.701 0.503 0.357

Hmax
latency (ms)

UT 8.94 ± 0.39 10.50 ± 2.55 −1.600 0.159 −0.918
MT 10.50 ± 1.66 11.50 ± 2.35 −1.001 0. 334 −0.505
LT 10.71 ± 1.04 14.10 ± 3.15 −2.692 0.023 * −1.576

U p-value

Mmax
latency (ms)

UT 3.62 ± 1.80 3.00 ± 0.43 57.000 0.343 -
MT 4.18 ± 1.08 4.04 ± 0.66 66.500 0.974 -
LT 5.42 ± 1.86 5.21 ± 0.86 75.500 0.835 -

Footnote—Significant results were signed with an *. Note that, for each H Reflex or M-wave parameter, the
number of subjects included in the mean ± SD is reported in Table 1 as “frequency of responses identified”. For
%Hmax/Mmax, only the participants that presented both H Reflex and M-wave responses were considered.
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Figure 5. Hmax/Mmax of each participant for different trapezius portions (upper trapezius, UT; 
middle trapezius, MT; lower trapezius, LT). Hmax is shown as a percentage of Mmax. Symbols 
represent data for individuals (filled circles, symptomatic; filled squares, asymptomatic). Means and 
standard deviations are shown as thick horizontal lines with error bars for both groups 
(symptomatic, Symp group; asymptomatic, Asymp group). Significant results were signed with an 
*. 

Figure 5. Hmax/Mmax of each participant for different trapezius portions (upper trapezius, UT;
middle trapezius, MT; lower trapezius, LT). Hmax is shown as a percentage of Mmax. Symbols
represent data for individuals (filled circles, symptomatic; filled squares, asymptomatic). Means and
standard deviations are shown as thick horizontal lines with error bars for both groups (symptomatic,
Symp group; asymptomatic, Asymp group). Significant results were signed with an *.

No statistically significant differences (p > 0.05) were found between the symptomatic
and asymptomatic subjects in % Hmax/Mmax from MT and LT, in Hmax latency from
UT and MT, nor in current at Hmax, Hmax, Mmax, and Mmax latency from all trapezius
portions (Table 2 and Figures 5 and 6). Moderate effect sizes were observed for the current
needed to evoke UT Hmax, the UT Hmax amplitude and UT and MT Hmax latency in the
comparisons between groups (Table 2).
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Figure 6. Hmax and Mmax latencies of each participant for different trapezius portions (upper
trapezius, UT; middle trapezius, MT; lower trapezius, LT. Symbols represent data for individuals
(filled circles, symptomatic; filled squares, asymptomatic). Means and standard deviations are shown
as thick horizontal lines with error bars for both groups (symptomatic, Symp group; asymptomatic,
Asymp group). Significant results were signed with an *.

4. Discussion

Chronic pain has been associated with mechanical and neurophysiological adapta-
tions [66–71]. Adaptations in the nervous system [69] have been shown to occur at a
supraspinal level [7,29] but also at a spinal level, since muscle pain, mediated by mus-
cle afferents, could alter the muscle spindle discharge and its effect on the motoneuron
pool [39]. Therefore, in conditions of pain [33], the H reflex in superficial muscles that
have muscle spindles [60] has already been used to give information regarding spinal
neurophysiological changes in excitability [5,9,72], pain modulation [31], and integration
of peripheral information [9]. The association between the trapezius muscle and mus-
culoskeletal conditions, such as shoulder pain [31], motivated the present study, which
compared trapezius spinal excitability between asymptomatic subjects and symptomatic
subjects with chronic shoulder pain [58].

Symptomatic subjects reported a moderate shoulder pain intensity (~4.5 out of 10)
but a relatively low impact on shoulder function (~18 out of 100), despite all showing
scapular dyskinesis. They had significantly lower values of UT Hmax/Mmax than in the
asymptomatic group, indicating decreased excitability of the motoneuron pool [35]. Such
reduced excitability may suggest the existence of changes in muscle activity during chronic
shoulder pain [7], such as a possible decrease in muscular activation [9] from scapula
feedback mechanisms [29]. This seems to agree with the findings of previous studies [9,73].
Previous studies have hypothesized decreased activity of the agonist muscles’ motoneurons
in muscle pain conditions [73] and that the size of the reflex response is adapted according
to the ongoing muscular activity [74]. However, in the present study, the UT ongoing
EMG during the recording of the H reflex was 23% and 24% of the maximum, whereas
Hmax/Mmax was 6.20% and 18.58% for the symptomatic and asymptomatic groups, re-
spectively. Thus, the impairment in the UT reflex response was not the result of differences
in ongoing muscle activity, but rather suggests alterations in the reflex loop. Oliveira Silva
et al. [9] have also reported similar results of a decrease in percent Hmax/Mmax from the
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vastus medialis in subjects with patellofemoral pain, when compared with asymptomatic
subjects. Such results confirm the presence of neurophysiological changes in both pain
conditions, beyond the structural and biomechanics adaptations [9]. Impairment of the
transmission between the Ia afferents and the motoneurons [9,38] could occur at several
levels: (a) at the site of stimulation where the afferent volley might be reduced [29,38],
(b) presynaptically, where presynaptic inhibition or homosynaptic post-activation depres-
sion can alter the neurotransmitter released given the same Ia afferent volley [29,38], and
(c) at the motoneurons, through changes in their excitability that makes the Ia input less
effective at producing output [7,29,38,75].

In the current study, the symptomatic group also presented increased LT Hmax latency,
suggesting a delayed recruitment of the motoneurons through the C3/4 nerve stimulation.
One previous study that used stimulation of the ulnar nerve to compare long-latency
reflex responses from UT and LT of subjects with shoulder instability and healthy subjects,
also reported similar differences between groups for LT latency [29]. Such findings may
represent a lower efficiency of the feedback mechanisms acting in scapular stability [29].

Given changes in H reflex parameters in both UT and LT, it may be important to
consider whether this could indicate a generalized decrease in trapezius feedback mech-
anisms [29] and, possibly, a reduction in muscle activation [9]. Although there were no
other significant differences between groups, moderate effect sizes were also observed for
lengthening of the UT and MT Hmax latencies, (d = −0.918 and −0.505, respectively), and
Hmax/Mmax values for MT and LT tended to be lower for the symptomatic group. To-
gether, these non-significant results point in the direction of a generalized effect. Moreover,
the lack of results could be due to the reduced sample sizes. The number of participants in
whom it was possible to evoke the H reflex was not the same for each group and each part of
the trapezius. Thus, it may have limited the identification of significant results. However, it
should be noted that, regardless of wider effects, the isolated statistically significant deficits
for UT Hmax/Mmax and LT Hmax latency could represent an impact on the function of
the shoulder complex, given the possible imbalance among trapezius portions [29]. Reflex
motoneuron activation seems to have an impact on scapula stability and, consequently,
on upper-limb functionality. Thus, such an imbalance regarding the muscular control of
the portions of trapezius could reflect an impairment of the feedback mechanisms that
act during scapula motion, as well as differences in the coupling of forces responsible
for scapular movement and stability. In consequence, impairments in scapula-humeral
rhythm could be found [29]. In the present study, the results regarding scapular positioning
assessed at rest and during motion seem to reinforce the hypothesis that impairments
at UT Hmax/Mmax and LT Hmax latency could be associated with changes in scapular
stability and motion, as all the participants of the symptomatic group had altered scapular
positioning, compared to only 34% of the participants of the asymptomatic group.

In the current study, a moderate effect size (d = 0.586) was also observed for the current
intensity needed to evoke the UT Hmax. Lower values were observed in the symptomatic
group, perhaps because the symptomatic group did not have the ability to increase the
H reflex to values equal to the asymptomatic one, noting the moderate effect size for the
UT Hmax (d = 0.957). This may be in line with the results of a previous study [38] that
evaluated the H reflex in patients with low back pain compared with healthy subjects.
In that case, in the group with pain, the H reflex size grew more slowly as the stimulus
intensity increased, and the H reflex threshold was higher [38].

In short, impairments in the scapula’s reflex control could compromise its stabilization
and, consequently, the function of the shoulder and the whole upper limb [29]. Thus,
rehabilitation should also be planned considering this neurophysiological parameter, with
the expectation that it could contribute to longer-lasting results. A previous study suggested
the use of proprioceptive exercises and sensory stimulation to enhance the H reflex through
more inputs [9]. Moreover, in cases of different adaptations between trapezius portions,
exercises focusing on scapula motor control and the balance of muscular activity [55,76–78]
could also be important for subjects suffering from chronic shoulder pain associated with



Sensors 2023, 23, 4217 13 of 17

changes in H reflex variables such as Hmax/Mmax. Feedback from wearable sensors could
even allow the retraining of scapula control in daily activities [79].

Limitations

The present study had some limitations. The first one was the long duration of
the protocol, given the necessity of searching for a very specific location for the nerve
stimulation, together with the recording of 10 stimuli for each intensity to evoke the H reflex
(justified given the high variability of the reflex [60]). Such a factor could be associated with
higher demands and fatigue, which could affect the scapular muscles’ motor control [80]
and the EMG signals [81], and could also limit the applicability and prevent quick access to
the evaluation results. However, previous studies have reported inconsistent effects with
decreased, increased or unchanged ratios of Hmax/Mmax after fatigue [82]. Therefore,
we believe that fatigue likely did not have a very strong influence on the results obtained
in the present study. Based on these limitations, the development of tools to facilitate the
performance of this measurement in clinical practice is required. Another limitation was
the inability to identify an H reflex for the three-trapezius portions of all subjects when the
motor point pen was changed for adhesive electrodes, which consequently led to a lower
final-sample size. This occurred, even though the H reflex was evoked during an isometric
contraction to ensure that the motoneurons were close to their threshold and more easily
activated by the Ia afferent volley [58]. However, it was expected, since it also happened in
previous studies [13,30,39,58]. Finally, the present study only assessed the reflex response,
and the findings do not allow insight into other nervous system structures or other scapular
variables to better characterize the origin and/or proportions of the adaptations. Future
studies assessing the H reflex, together with variables related to voluntary control or the
scapular kinematic and muscular activity levels, could be important.

5. Conclusions

Subjects with chronic shoulder pain present decreased UT Hmax as a percentage of
Mmax, as well as a longer LT H reflex latency. Despite the moderate effect of size and
the same tendencies being observed for the other trapezius portions, a significant finding
for only one portion may be important, since it could indicate an imbalance between the
activity of these scapular stabilizers.

Author Contributions: Conceptualization, A.S.C.M., J.L.T., E.B.C., J.P.V.-B. and A.S.P.S.; formal
analysis, A.S.C.M., R.F., B.C., M.A., M.F. and V.S.; investigation, A.S.C.M., M.A., M.F. and V.S.;
methodology, A.S.C.M., J.L.T., R.F., B.C. and A.S.P.S.; software, R.F. and B.C.; writing—original draft
preparation, A.S.C.M., J.L.T. and A.S.P.S.; writing—review and editing, A.S.C.M., J.L.T., E.B.C., J.P.V.-B.
and A.S.P.S.; funding acquisition, A.S.C.M. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by the Grant SFRH/BD/140874/2018 and through R&D Unit
funding (UIDB/05210/2020), Fundação para a Ciência e Tecnologia (FCT), Portugal.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Ethics Committee of Escola Superior de Saúde do Instituto
Politécnico do Porto (CE0071A, 29 January 2021).

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

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.



Sensors 2023, 23, 4217 14 of 17

References
1. Badawy, R.A.; Loetscher, T.; Macdonell, R.A.; Brodtmann, A. Cortical excitability and neurology: Insights into the pathophysiology.

Funct. Neurol. 2012, 27, 131–145.
2. Nijs, J.; Paul van Wilgen, C.; Van Oosterwijck, J.; van Ittersum, M.; Meeus, M. How to explain central sensitization to patients

with ‘unexplained’ chronic musculoskeletal pain: Practice guidelines. Man. Ther. 2011, 16, 413–418. [CrossRef]
3. Alburquerque-Sendín, F.; Camargo, P.R.; Vieira, A.; Salvini, T.F. Bilateral Myofascial Trigger Points and Pressure Pain Thresholds

in the Shoulder Muscles in Patients With Unilateral Shoulder Impingement Syndrome: A Blinded, Controlled Study. Clin. J. Pain
2013, 29, 478–486. [CrossRef]

4. Borstad, J.; Woeste, C. The role of sensitization in musculoskeletal shoulder pain. Braz. J. Phys. Ther. 2015, 19, 251–257. [CrossRef]
[PubMed]

5. Sanchis, M.N.; Lluch, E.; Nijs, J.; Struyf, F.; Kangasperko, M. The role of central sensitization in shoulder pain: A systematic
literature review. Semin. Arthritis Rheum. 2015, 44, 710–716. [CrossRef] [PubMed]

6. Pertoldi, S.; Di Benedetto, P. Shoulder-hand syndrome after stroke. A complex regional pain syndrome. Eura. Medicophys. 2005,
41, 283–292. [PubMed]

7. Hodges, P.W.; Tucker, K. Moving differently in pain: A new theory to explain the adaptation to pain. Pain 2011, 152, S90–S98.
[CrossRef]

8. Muceli, S.; Falla, D.; Farina, D. Reorganization of muscle synergies during multidirectional reaching in the horizontal plane with
experimental muscle pain. J. Neurophysiol. 2014, 111, 1615–1630. [CrossRef]

9. De Oliveira Silva, D.; Magalhaes, F.H.; Faria, N.C.; Pazzinatto, M.F.; Ferrari, D.; Pappas, E.; de Azevedo, F.M. Lower Amplitude of
the Hoffmann Reflex in Women With Patellofemoral Pain: Thinking Beyond Proximal, Local, and Distal Factors. Arch. Phys. Med.
Rehabil. 2016, 97, 1115–1120. [CrossRef]

10. Coronado, R.A.; Simon, C.B.; Valencia, C.; George, S.Z. Experimental pain responses support peripheral and central sensitization
in patients with unilateral shoulder pain. Clin. J. Pain 2014, 30, 143–151. [CrossRef] [PubMed]

11. Larkin-Kaiser, K.A.; Parr, J.J.; Borsa, P.A.; George, S.Z. Range of motion as a predictor of clinical shoulder pain during recovery
from delayed-onset muscle soreness. J. Athl. Train. 2015, 50, 289–294. [CrossRef] [PubMed]

12. Luime, J.J.; Koes, B.W.; Hendriksen, I.J.; Burdorf, A.; Verhagen, A.P.; Miedema, H.S.; Verhaar, J.A. Prevalence and incidence of
shoulder pain in the general population; a systematic review. Scand. J. Rheumatol. 2004, 33, 73–81. [CrossRef] [PubMed]

13. Vangsgaard, S.; Taylor, J.L.; Hansen, E.A.; Madeleine, P. Changes in H reflex and neuromechanical properties of the trapezius
muscle after 5 weeks of eccentric training: A randomized controlled trial. J. Appl. Physiol. 2014, 116, 1623–1631. [CrossRef]
[PubMed]

14. Falla, D.; Farina, D.; Graven-Nielsen, T. Experimental muscle pain results in reorganization of coordination among trapezius
muscle subdivisions during repetitive shoulder flexion. Exp. Brain Res. 2007, 178, 385–393. [CrossRef] [PubMed]

15. Magee, D.J.; Zachazewski, J.E.; Quillen, W.S. Pathology and Intervention in Musculoskeletal Rehabilitation; Saunders/Elsevier: St.
Louis, MO, USA, 2008.

16. Worsley, P.; Warner, M.; Mottram, S.; Gadola, S.; Veeger, H.E.; Hermens, H.; Morrissey, D.; Little, P.; Cooper, C.; Carr, A.; et al.
Motor control retraining exercises for shoulder impingement: Effects on function, muscle activation, and biomechanics in young
adults. J. Shoulder Elb. Surg. 2013, 22, e11–e19. [CrossRef]

17. Castelein, B.; Cagnie, B.; Parlevliet, T.; Cools, A. Superficial and Deep Scapulothoracic Muscle Electromyographic Activity During
Elevation Exercises in the Scapular Plane. J. Orthop. Sports Phys. Ther. 2016, 46, 184–193. [CrossRef]

18. Pizzari, T.; Wickham, J.; Balster, S.; Ganderton, C.; Watson, L. Modifying a shrug exercise can facilitate the upward rotator muscles
of the scapula. Clin. Biomech. 2014, 29, 201–205. [CrossRef]

19. Cole, A.K.; McGrath, M.L.; Harrington, S.E.; Padua, D.A.; Rucinski, T.J.; Prentice, W.E. Scapular bracing and alteration of posture
and muscle activity in overhead athletes with poor posture. J. Athl. Train. 2013, 48, 12–24. [CrossRef]

20. Moezy, A. The effects of scapular stabilization based exercise therapy on pain, posture, flexibility and shoulder mobility in
patients with shoulder impingement syndrome: A controlled randomized clinical trial. Med J. Islam. Repub. Iran 2014, 28, 87.

21. Phadke, V.; Camargo, P.; Ludewig, P. Scapular and rotator cuff muscle activity during arm elevation: A review of normal function
and alterations with shoulder impingement. Rev. Bras. De Fisioter. 2009, 13, 1–9. [CrossRef]

22. Tsuruike, M.; Ellenbecker, T.S. Serratus anterior and lower trapezius muscle activities during multi-joint isotonic scapular
exercises and isometric contractions. J. Athl. Train. 2015, 50, 199–210. [CrossRef]

23. Magarey, M.E.; Jones, M.A. Dynamic evaluation and early management of altered motor control around the shoulder complex.
Man. Ther. 2003, 8, 195–206. [CrossRef]

24. Watson, L.A.; Pizzari, T.; Balster, S. Thoracic outlet syndrome part 2: Conservative management of thoracic outlet. Man. Ther.
2010, 15, 305–314. [CrossRef]

25. Lin, J.-J.; Hanten, W.P.; Olson, S.L.; Roddey, T.S.; Soto-quijano, D.A.; Lim, H.K.; Sherwood, A.M. Functional activity characteristics
of individuals with shoulder dysfunctions. J. Electromyogr. Kinesiol. 2005, 15, 576–586. [CrossRef]

26. Wadsworth, D.J.; Bullock-Saxton, J.E. Recruitment patterns of the scapular rotator muscles in freestyle swimmers with subacromial
impingement. Int. J. Sports Med. 1997, 18, 618–624. [CrossRef]

27. Camargo, P.R.; Neumann, D.A. Kinesiologic considerations for targeting activation of scapulothoracic muscles—Part 2: Trapezius.
Braz. J. Phys. Ther. 2019, 23, 467–475. [CrossRef]

https://doi.org/10.1016/j.math.2011.04.005
https://doi.org/10.1097/AJP.0b013e3182652d65
https://doi.org/10.1590/bjpt-rbf.2014.0100
https://www.ncbi.nlm.nih.gov/pubmed/26443971
https://doi.org/10.1016/j.semarthrit.2014.11.002
https://www.ncbi.nlm.nih.gov/pubmed/25523242
https://www.ncbi.nlm.nih.gov/pubmed/16474282
https://doi.org/10.1016/j.pain.2010.10.020
https://doi.org/10.1152/jn.00147.2013
https://doi.org/10.1016/j.apmr.2015.12.017
https://doi.org/10.1097/AJP.0b013e318287a2a4
https://www.ncbi.nlm.nih.gov/pubmed/23619203
https://doi.org/10.4085/1062-6050-49.5.05
https://www.ncbi.nlm.nih.gov/pubmed/25658817
https://doi.org/10.1080/03009740310004667
https://www.ncbi.nlm.nih.gov/pubmed/15163107
https://doi.org/10.1152/japplphysiol.00164.2014
https://www.ncbi.nlm.nih.gov/pubmed/24790019
https://doi.org/10.1007/s00221-006-0746-6
https://www.ncbi.nlm.nih.gov/pubmed/17051373
https://doi.org/10.1016/j.jse.2012.06.010
https://doi.org/10.2519/jospt.2016.5927
https://doi.org/10.1016/j.clinbiomech.2013.11.011
https://doi.org/10.4085/1062-6050-48.1.13
https://doi.org/10.1590/S1413-35552009005000012
https://doi.org/10.4085/1062-6050-49.3.80
https://doi.org/10.1016/S1356-689X(03)00094-8
https://doi.org/10.1016/j.math.2010.03.002
https://doi.org/10.1016/j.jelekin.2005.01.006
https://doi.org/10.1055/s-2007-972692
https://doi.org/10.1016/j.bjpt.2019.01.011


Sensors 2023, 23, 4217 15 of 17

28. Johnson, G.; Bogduk, N.; Nowitzke, A.; House, D. Anatomy and actions of the trapezius muscle. Clin. Biomech. 1994, 9, 44–50.
[CrossRef] [PubMed]

29. Alexander, C.M. Altered control of the trapezius muscle in subjects with non-traumatic shoulder instability. Clin. Neurophysiol.
2007, 118, 2664–2671. [CrossRef] [PubMed]

30. Alexander, C.; Miley, R.; Stynes, S.; Harrison, P.J. Differential control of the scapulothoracic muscles in humans. J. Physiol. 2007,
580, 777–786. [CrossRef]

31. Vangsgaard, S.; Hansen, E.A.; Madeleine, P. Between-day reliability of the trapezius muscle H-reflex and M-wave. Muscle Nerve
2015, 52, 1066–1071. [CrossRef] [PubMed]

32. Heckman, C.J.; Mottram, C.; Quinlan, K.; Theiss, R.; Schuster, J. Motoneuron excitability: The importance of neuromodulatory
inputs. Clin. Neurophysiol. 2009, 120, 2040–2054. [CrossRef] [PubMed]

33. Misiaszek, J.E. The H-reflex as a tool in neurophysiology: Its limitations and uses in understanding nervous system function.
Muscle Nerve 2003, 28, 144–160. [CrossRef] [PubMed]

34. Palmieri, R.M.; Ingersoll, C.D.; Hoffman, M.A. The hoffmann reflex: Methodologic considerations and applications for use in
sports medicine and athletic training research. J. Athl. Train. 2004, 39, 268–277. [PubMed]

35. Alexander, C.M.; Stynes, S.; Thomas, A.; Lewis, J.; Harrison, P.J. Does tape facilitate or inhibit the lower fibres of trapezius? Man.
Ther. 2003, 8, 37–41. [CrossRef]

36. Ge, H.Y.; Serrao, M.; Andersen, O.K.; Graven-Nielsen, T.; Arendt-Nielsen, L. Increased H-reflex response induced by intramuscular
electrical stimulation of latent myofascial trigger points. Acupunct. Med. 2009, 27, 150–154. [CrossRef]

37. Mazzocchio, R.; Scarfò, G.B.; Mariottini, A.; Muzii, V.F.; Palma, L. Recruitment curve of the soleus H-reflex in chronic back pain
and lumbosacral radiculopathy. BMC Musculoskelet. Disord. 2001, 2, 4. [CrossRef]

38. Ginanneschi, F.; Dominici, F.; Milani, P.; Biasella, A.; Rossi, A.; Mazzocchio, R. Changes in the recruitment curve of the soleus
H-reflex associated with chronic low back pain. Clin. Neurophysiol. 2007, 118, 111–118. [CrossRef]

39. Vangsgaard, S.; Nørgaard, L.T.; Flaskager, B.K.; Søgaard, K.; Taylor, J.L.; Madeleine, P. Eccentric exercise inhibits the H reflex in
the middle part of the trapezius muscle. Eur. J. Appl. Physiol. 2013, 113, 77–87. [CrossRef]

40. Johal, J.; Iwanaga, J.; Tubbs, K.; Loukas, M.; Oskouian, R.J.; Tubbs, R.S. The Accessory Nerve: A Comprehensive Review of its
Anatomy, Development, Variations, Landmarks and Clinical Considerations. Anat. Rec. 2019, 302, 620–629. [CrossRef]

41. Alexander, C.M.; Harrison, P.J. The bilateral reflex control of the trapezius muscle in humans. Exp. Brain Res. 2002, 142, 418–424.
[CrossRef]

42. Feng, Y.N.; Li, Y.P.; Liu, C.L.; Zhang, Z.J. Assessing the elastic properties of skeletal muscle and tendon using shearwave
ultrasound elastography and MyotonPRO. Sci. Rep. 2018, 8, 17064. [CrossRef] [PubMed]

43. Kelly, J.P.; Koppenhaver, S.L.; Michener, L.A.; Proulx, L.; Bisagni, F.; Cleland, J.A. Characterization of tissue stiffness of the
infraspinatus, erector spinae, and gastrocnemius muscle using ultrasound shear wave elastography and superficial mechanical
deformation. J. Electromyogr. Kinesiol. 2018, 38, 73–80. [CrossRef] [PubMed]
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