J. Phys. Ther. Sci. 33: 689-694, 2021

e

Original Article

The study of respiratory muscles activation
during respiratory muscle strength effort in
adult females with chronic neck pain

SUDARAT BorisuT, PT, PhDY*, ANONG TANTISUWAT, PT, PhDY,
CHITANONG GAOGASIGAM, PT, PhDY

) Department of Physical Therapy, Faculty of Allied Health Sciences, Chulalongkorn University: 154,
Rama 1 Road, Soi. Chula 12 Pathumwan, Bangkok 10330, Thailand

Abstract. [Purpose] This study aimed to compare maximal inspiratory pressure (MIP), maximal expiratory pres-
sure (MEP) values and muscle activity during MIP and MEP between chronic neck pain and healthy participants.
[Participants and Methods] Twenty chronic neck pain and 20 non-symptomatic females participated in this study.
Maximal airway pressure (MIP and MEP) and surface electromyography (SEMG) for both sides of the upper tra-
pezius, anterior scalene, pectoralis major and 6th intercostal muscles were recorded simultaneously. [Results] Sig-
nificant differences of MIP and MEP values were found between the groups. The muscle activities of both sides of
upper trapezius and 6th intercostal muscles during MEP were significantly higher in the chronic neck pain group
than the healthy group except both sides of anterior scalene and pectoralis major muscles. During MIP, the activities
of upper trapezius, 6th intercostal muscles and anterior scalene were significantly different between the two studied
groups. Higher activity of left pectoralis major was found in the chronic neck pain group. [Conclusion] Decreas-
ing values of MEP and MIP as well as muscles activities elevation in chronic neck pain participants were clearly
demonstrated. Besides the musculoskeletal treatment, we suggest breathing exercise training to be considered in

treatment programs.
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INTRODUCTION

Neck pain is considered a common musculoskeletal disorder. It can cause adaptive musculoskeletal and motor control
changes in the cervical region and related structures® 2. In the Global Burden of Disease 2019 study, neck pain was in the
top five ranking amongst musculoskeletal disorders with 223 million affected people worldwide and 22 million who live for
years with a disability®). The recurrence of neck pain can be found in the working population with 60-80% having repeated
symptoms within one year®. The prevalence is usually higher in women (5.8%) than men (4.0%) even when the symptoms
change to chronic conditions. The prevalence of this condition increases accordingly with age>).

Musculoskeletal problems of the neck region in office workers, especially those working with computers, are very com-
mon. Various factors concerning neck pain have been elucidated, such as prolonged duration of computer usage and sustained
awkward posture during visual display unit utilization® 7. For these workers, a forward head posture is usually related to
higher biomechanical compressive loading on the cervical spine and surrounding structures®. Excessively low threshold
motor unit activity due to low-load repetitive work can cause pain that is associated with the overloading of cervical and
shoulder girdle muscles®). The role of other mechanisms like nociceptor sensitization by intra-muscular shear forces is also
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involved!?. According to the phenomena mentioned earlier, the anterior scalene, sternocleidomastoid and upper trapezius
muscles were found to have increasd electromyographic activity when compared to deeper postural stabilizer muscles like
the deep cervical flexors!D.

However, rehabilitation of neck pain is considered as a musculoskeletal treatment. The cervical region and thoracic spine
is connected to musculoskeletal and also neural connections so that neck pain may cause changes in the thoracic spine and
rib cage and thus pulmonary function is affected'?. The factors involved with respiratory dysfunction in neck pain cases
include decreased strength and endurance of deep neck flexors and extensors. An increase in muscle activity and exhaustion
of superficial neck muscles, particularly sternocleidomastoid (SCM) and anterior scalene (AS) are required as accessory
muscles for breathing!!> 13- 14), Moreover, cervical mobility changes, forward head posture support to changes in force-length
curves, imbalance of muscles and segmental instability potentially affect the function of the thoracic cage and rib cage
mechanism!? 13, Besides the musculoskeletal and structural connection of the cervical and thoracic spine, individuals with
neck pain could have respiratory disturbances.

The respiratory muscles function to produce adequate ventilation and gas exchange. A negative pressure gradient resulting
from these muscle contractions will give rise to an inflow of air into the lungs. The diaphragm plays a major role in inspiratory
work in a person’s body. The scalenes and the intercostal muscles are recruited for primary inspiratory muscles during tidal
breathing. During higher levels of inspiration, the inspiratory muscles are considered to be accessory muscles. These provide
a considerable contribution to the sternocleidomastoid and scalene muscles with the respiratory pump'®. Maximum inspira-
tory pressure (MIP) and maximum expiratory pressure (MEP) values are usually used for respiratory function evaluation.
Therefore, this study aimed to study the respiratory muscles activation during respiratory muscle strength efforts between
females with chronic neck pain and healthy females with no chronic neck pain.

PARTICIPANTS AND METHODS

A cross-sectional study was performed with 20 female office workers who had chronic neck pain and 20 non-symptomatic
persons. Volunteers were recruited using comparative age and BMI match controls.

Participants in the experimental group were females aged between 20 and 45 with a history of intermittent work-related
neck pain lasting for more than 6 months prior to the study. They worked with a computer for at least 4 hours each working
day. The pain level at the time of examination exceeded 30 mm on a visual analogue scale of 0—100 mm. Participants were
excluded if they had neck or shoulder pain from non-musculoskeletal causes, demonstrated neurological signs, had a history
of spinal or chest surgery, or a history of smoking or pregnancy at the time of examination. Participants who met the inclusion
criteria were asked to participate in the study. They provided written informed consent before participating in this project.

This study was approved by the Research Ethics Review Committee for Research involving Human Research Partici-
pants, Health Sciences Group, Chulalongkorn University, Thailand. It was constituted in accordance with Belmont Report,
Declaration of Helsinki (COA No0.225/2019). All participants gave their signatures in the consent forms after receiving both
verbal and written information about the study protocol.

Muscle activity was recorded during the respiratory muscle strength effort measurement. The 8-channels surface electro-
myography (SEMG) device (Naroxon Inc, Scottsdale, AZ, USA) was chosen to measure muscle activities. The EMG signals
were read using bipolar Ag-AgCl surface electrodes. The position of electrodes for the upper trapezius (UT) activities were
equidistance between the acromion arch and the C7 spinous process'” '3). The electrodes on anterior scalene (AS) were
placed in the posterior triangle of the neck at the level of the cricoid cartilage to lie over the lower portion of the anterior
scalene muscle'?). Surface electrodes of the upper portion of pectoralis major and the 6th intercostal (IC6) muscles were
placed on a midclavicular line and anterior axillary line, respectively!”). Each volunteer was told to comfortably sit with
their back supported on a chair. The SEMG electrodes were attached to the skin at an inter-electrode distance of 1 cm using
hypoallergenic adhesive; the inter-electrode impedance was set below 2 kQ!7),

Maximal airway pressure and surface electromyography (SEMG) for respiratory muscles were recorded simultaneously. A
portable respiratory pressure meter (MicroRPM Medical, Yorba Linda, CA, USA) was used to assess maximum inspiratory
pressure (MIP) and maximal expiratory pressure (MEP). After the correct procedure was demonstrated, the participants were
told to perform maximal inspiratory for 3 times at least 30 sec intervals between the trials. The expiratory efforts were also
performed with similar conditions. During the maximal respiratory measurements, the participants were instructed to close
their mouths tightly around the flanged mouthpiece and air leakage was prevented using a nose clip. The MEP was assessed
after the participants had taken a full deep breath and exhaled maximally for at least 1 sec. against the resistance gauge. The
MIP was recorded after participants completed the process of full exhalation and then inhaled maximally for at least 1 sec.
against the resistance gauge. The highest values of the inspiratory and expiratory efforts were recorded as the MIP and MEP,
respectively.

The data from the study were analyzed with SPSS software version 22.0. The values of MIP, MEP and root mean square
(RMS) of sSEMG obtained from participants with and without chronic neck pain symptoms were calculated using independent
t-test for their statistical differences at p-value <0.05.
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RESULTS

The demographic data are shown in Table 1. No significant differences by means of age, height, weight or BMI were
identified between both studied groups (p>0.05). At the beginning of this study, 20 participants have been suffering from neck
pain symptom with varying duration ranged from 9 to 21 months and the average of pain duration was 13 months.

All participants completed the respiratory strength effort and surface electromyography measurements with no dropouts.
Significant differences of MIP and MEP values were found between the group of participants with and without chronic neck
pain (p<0.001) (Table 2).

For the upper trapezius and 6th intercostal, an examination of both left and right sides of these muscles revealed the
differences of root mean square (RMS) values during MEP activities between the groups of participants with and without
chronic neck pain (p<0.001) (Table 3).

When various muscles were examined for RMS values during MIP efforts, it was found that the chronic neck pain
participants had significantly higher RMS values for both sides of the upper trapezius (p<0.001), anterior scalene (p=0.01)
and 6th intercostal muscles (p<0.001). Only the left pectoralis major muscle of the chronic neck pain subjects was found to
have higher RMS values (p=0.03). This evidence was not observed with the right pectoralis major muscle (p=0.17) (Table 4).

Table 1. Characteristics of participants

Characteristics Chronic neck pain (n=20) Healthy (n=20) p-value
Mean + SD Mean + SD

Age (years) 29.84 +3.51 29.90 +3.22 0.608

Weight (kg) 51.89 +6.14 52.50 +5.91 0.932

Height (cm) 161.00 + 3.48 161.30 + 3.48 0.873

BMI (kg/m?) 20.11 £2.71 20.20 £2.52 0.674

Data are expressed in mean + SD.

Table 2. Maximum Inspiratory Pressure (MIP) and Maximum Expiratory Pressure (MEP) values

Values Chronic neck pain Healthy Mean difference p-value
(n=20) (n=20)
Mean + SD Mean + SD
MIP (cmH,0) 75.26 + 6.24 88.40 + 6.46 -13.14 0.001*
MEP (cmH,0) 84.00 +£5.70 94.30 + 7.22 —10.30 0.001*
Data are expressed in mean + SD, MIP: Maximum inspiratory pressure; MEP: Maximum Expiratory Pressure.
*p>0.05.

Table 3. The root mean square (RMS) values of muscles during maximum expiratory pressure (MEP)

RMS values
Muscles Side Chronic neck pain Healthy p-value
(n=20) (n=20)
Upper trapezius (UT) Rt 36.78 +9.14 24.69 +4.67 0.001*
Lt 28.67 +7.69 20.75 + 4.24 0.001*
Anterior scalenes (AS) Rt 21.62 £5.62 18.89 £4.15 0.091
Lt 23.98 £ 5.05 22.01 +£4.11 0.19
Pectoralis major Rt 23.56 £4.81 21.34+£5.24 0.177
Lt 26.77+7.23 2431 +£3.93 0.201
6th intercostal muscle Rt 46.43 £8.07 30.69 £ 8.31 0.001*
Lt 47.13 +£7.63 30.93 +7.02 0.001*
Data are expressed in mean + SD. RMS: Root Mean Square; Rt: Right; Lt: Left; MEP: Maximum Expiratory
Pressure.
*p>0.05.
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Table 4. The root mean square (RMS) values of muscles during maximum inspiratory pressure (MIP)

RMS values
Muscles Side Chronic neck pain Healthy p-value
(n=20) (n=20)
Upper trapezius (UT) Rt 60.88 + 11.88 43.84 +8.97 0.001*
Lt 60.22 +£10.35 44,93 £9.97 0.001*
Anterior scalenes (AS) Rt 54.82 £ 11.75 4722 +5.88 0.018*
Lt 60.35 £ 13.27 48.12+4.78 0.001*
Pectoralis major Rt 18.75 £ 3.95 17.13 £3.29 0.171
Lt 20.42 +£4.37 17.71 £3.29 0.035%
6th intercostal muscle Rt 23.95+5.11 18.36 + 3.61 0.001*
Lt 26.28 £ 5.66 18.03 £3.26 0.001*
Data are expressed in mean = SD. RMS: Root Mean Square; Rt: Right; Lt: Left; MIP: Maximum Inspiratory
Pressure.
*p>0.05.
DISCUSSION

The results of this study revealed reduction of MEP and MIP values in individuals with chronic neck pain and these
findings agreed with previous studies'?. In individuals with chronic neck pain, faulty breathing patterns were found to affect
respiratory functions??). The faulty breathing of the upper chest in the chronic neck pain was related to the lifting upward of
clavicles with more muscle activity of sternocleidomastoid, anterior scalene and trapezius muscles. This pattern contributed
to the muscle imbalance, which may result in a forward head posture for office workers with chronic neck pain®. From this
reason, superficial neck flexors muscles such as anterior scalene become tight and deep neck flexor muscles appear to be
lengthened and weakened. The upper trapezius and pectoralis major muscles responsible for forced inspiration also become
tightened?!. These imbalances may cause upper rib cage dysfunction, leading to the lesser MEP and MIP values in chronic
neck pain subjects when compared with healthy participants.

The assessment of respiratory muscles function can be measured directly by the pressure developed throughout the
maximal expiratory and inspiratory effort. The results of this study showed that multi-muscle recruitment patterns during
MEP and MIP effort in chronic neck pain were significantly different from subjects in the healthy group. Chronic neck pain
participants have demonstrated greater activity in all muscle testing (upper trapezius, anterior scalene, 6th intercostal and
pectoalis major muscles of both sides). These results indicate that chronic neck pain participants may have lower airway
pressure generation during MEP and MIP efforts than healthy participants have. In chronic neck pain patients, strength and
endurance impairments were reported with deep neck flexors and extensors muscles! 22, These alterations may influence
kinetic control for either a specific area or for articulations related to shoulder and thoracic spine?? 24, Fatigability of anterior
scalene and upper trapezius muscles was also found to be related with increasing muscle activation in chronic neck pain
cases?> 26, Function length alteration due to fatigability resulted in abnormal over pull and under pull during respiratory
motion, which led to length tension discrepancies. In addition, increasing activities of upper trapezius and intercostal muscles
during maximal expiratory effort were related to breathing pattern alterations in females. It has also been found that during
maximal inspiratory effort, the upper trapezius and anterior scalene activities were associated with greater reliance on the
extradiaphragmatic inspiratory muscles?”.

Decrease in neck muscles strength and muscle length deficit was found in people with chronic neck pain when compared
with healthy individuals®®). Therapeutic exercises include neck muscles strengthening especially deep and superficial neck
flexor muscles and stretching exercise around the neck and scapular area such as upper trapezius, scalene, levator scapulae,
pectoralis major and pectoralis minor. These exercises are always suggested for the chronic neck pain treatment cases?® 39,
Moreover, respiratory dysfunction is developed in chronic neck pain people'?. Since cervical and thoracic spines are con-
nected to musculoskeletal and also neural connections. The decreasing strength of deep neck flexor and extensor muscles
may also cause changes in the thoracic spine and rib cage and thus respiratory function is affected. Breathing exercise is
therefore important and should be considered for respiratory function improvement. From these reasons, further study is
necessary to investigate the effect of neck muscles exercise training and breathing exercise for individuals with chronic neck
pain. According to the findings, chronic neck pain subjects have reduced strength of respiratory muscles but increased muscle
activities of extradiaphragmatic inspiratory muscles than healthy participants have. Even though interesting information is
clearly demonstrated, further investigation in males with chronic neck pain as well as more participants for both genders is
still critical to support our findings.

This study presented the evidence that MEP and MIP values to generate maximum airway pressure were reduced in
chronic neck pain subjects. Moreover, the increasing of muscle activities of upper trapezius, anterior scalene, 6th intercostal
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and pectoralis major muscles were found to be greater than healthy subjects. This information should be taken into consid-
eration for rehabilitation programs for people suffering from chronic neck pain. Not only should musculoskeletal treatment
exercise be used to strengthen superficial or deep neck flexor or extensor muscles but also breathing exercise training should
be added into the rehabilitation program.
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