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ภาพถ่ายอลัตราซาวดใ์นผูท่ี้มีอาการปวดคอเร้ือรัง 
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อาจารย์ทีป่รึกษา   ผูช่้วยศาสตราจารย ์ดร. สุรีพร อุทยัคุปต์ 

บทคดัย่อ 

ที่มา การเปล่ียนแปลงลกัษณะการท างานของกลา้มเน้ือทราพีเซียสส่วนล่างถูกพบในผูป่้วยท่ีมีอาการ
ปวดคอ แต่อยา่งไรก็ตามยงัมีการศึกษาจ านวนนอ้ยท่ีศึกษาถึงขนาดของกลา้มเน้ือทราพีเซียสส่วนล่าง
ในขณะพักและขณะหดตัวในผูท่ี้มีอาการปวดคอ วัตถุประสงค์ เพื่อเปรียบเทียบความหนาของ
กลา้มเน้ือทราพีเซียสส่วนล่างในขณะพกัแขนกาง 0° และ 120° และในขณะหดตวัแขนกาง 120° ในผู ้
ท่ีมีอาการปวดคอ วธีิการ อาสาสมคัรท่ีมีอาการปวดคอเร้ือรังขา้งเดียวจ านวน 24 คน และอาสาสมคัรท่ี
ไม่มีอาการปวดคอจ านวน 24 คน ใช้เคร่ืองอลัตราซาวด์ (12 MHz หัวตรวจแบบเรียบ) วดัความหนา
ของกลา้มเน้ือทราพีเซียสส่วนล่างทั้งสองขา้งในท่านอนคว  ่าขณะพกัแขนกาง 0° และ 120° และขณะ
หดตวัแขนกาง 120° ท่ีบริเวณกระดูกสันหลงัอกระดบัท่ี 8 ภาพถ่ายแต่ละภาพถูกน ามาวดัความหนา 2 
คร้ังดว้ยโปรแกรม Image J ผลการศึกษา กลุ่มท่ีมีอาการปวดคอมีความหนาของกลา้มเน้ือทราพีเซียส 
ส่วนล่างขา้งขวาในขณะพกัท่ีแขนกาง 0° น้อยกว่ากลุ่มท่ีไม่มีอาการปวดคอ (p < 0.05) ไม่พบความ
แตกต่างของความหนาของกลา้มเน้ือทราพีเซียสส่วนล่างขณะหดตวัระหว่างทั้งสองกลุ่ม (p > 0.05) 
กลุ่มท่ีมีอาการปวดคอมีความหนาของกลา้มเน้ือทราพีเซียสส่วนล่างใกลเ้คียงกนัระหวา่งขา้งขวาและ
ขา้งซ้าย กลุ่มควบคุมมีความหนาของกลา้มเน้ือทราพีเซียสส่วนล่างขา้งขวา (ขา้งท่ีถนดั) มากกวา่ขา้ง
ซ้าย (ข้างท่ีไม่ถนัด) (p < 0.05) สรุปผลการศึกษา เคร่ืองถ่ายภาพอลัตราซาวด์สามารถใช้วดัความ
บกพร่องของกลา้มเน้ือทราพีเซียสส่วนล่างในขณะพกัแขนกาง 0° ในผูที้มีอาการปวดคอได ้แต่การวดั
ความบกพร่องของกล้ามเน้ือทราพีเซียสส่วนล่างในขณะหดตัวยงัไม่ชัดเจนและยงัคงต้องการ
การศึกษาเพิ่มเติม 
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ABSTRACT 

Background: Altered behavior of the lower trapezius muscle has been consistently 

demonstrated in patients with neck pain.  However, little has investigated size of the 

lower trapezius muscle at rest and during contraction in patients with neck pain. 

O b jective:  T o  determ ine thickness of the lower trapezius at rest 0° and 120°, and 

contraction at 120° of shoulder abduction in patients with neck pain. Methods: Twenty-

four participants with chronic unilateral neck pain and 24 matched controls were 

recruited into the study.  A real-time ultrasound scanner (12-MHz linear transducer) was 

used to measure thickness of the lower trapezius muscle in prone at rest 0° and 120°, 

and contraction at 120° of shoulder abduction bilaterally.  Images were taken twice at 

the spinous process of T8 and measured using Image J program. Results: The neck pain 

group had smaller thickness of the lower trapezius muscle than the control group on the 

right side at resting at 0° of shoulder abduction condition (p < 0.05).  There was no 

significant difference in the lower trapezius muscle thickness during contraction 

between groups (p > 0.05).  The neck pain group had similar thickness of the lower 

trapezius muscle on the right and left sides.  The control group had greater thickness of 

the lower trapezius on the right (dominant) side than the left (non-dominant) side (p < 

0.05). Conclusion: Ultrasound imaging can be used to detect impairment in size of the 

lower trapezius muscle at rest at 0° of shoulder abduction in patients with neck pain.  

However investigation of size of the lower trapezius muscle during contraction is still 

warranted. 
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CHAPTER 1 

Introduction 

1.1 Rationale 

        The lower trapezius muscle, which is one of the axioscapular muscles works 

together with the upper and middle trapezius and serratus anterior in stabilizing the 

scapula both in static and during shoulder movement (1).  There is evidence that 

changes in behavior of the lower trapezius contribute to abnormal scapulohumeral 

rhythm and pain in shoulder (1-4).  In addition, it has been suggested that changes in 

behavior of the lower trapezius can be associated with the initiation or perpetuation of 

chronic neck pain (5, 6).  The association of the lower trapezius and neck pain may be 

explained by mechanical loading on pain sensitive cervicobrachial structures (7). 

        Several studies have demonstrated that patients with neck pain have altered activity 

of the lower trapezius muscle, although such alterations are likely to be dependent on 

task characteristic and measurement protocol used (5, 6).  For example, Wegner et al (5) 

found decreased EMG activity of the lower trapezius during the typing task in patients 

with neck pain compared to controls.  On the other hand, Zakharova-Luneva et al (6) 

reported greater EMG activity of the lower trapezius muscle at 20%, 50% and 100% 

maximum voluntary contraction in patients with chronic neck pain as compared to 

controls for the abduction and external rotation conditions.  In addition, Petersen et al 

(8) investigating lower trapezius muscle strength in patients with unilateral neck pain 

demonstrated significantly less lower trapezius muscle strength on the symptomatic side 

compared to asymptomatic side.  However, to date, there have been limited 

investigations of change in muscle thickness of the lower trapezius muscle in patients 

with chronic neck pain.  The change in muscle thickness may provide objective 

information about the lower trapezius size, which will be useful for customizing 

rehabilitation programs. 
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        Ultrasound imaging has been widely used to measure change in muscle thickness 

(9-12).  There is evidence suggesting that ultrasound imaging is reliable and valid for 

measuring thickness of the lower trapezius muscle (13-15).  Recently, Day et al (13) 

have examined the reliability for measuring scapular muscle thickness and how scapular 

muscle thickness changes with respect to external load in healthy individuals, using 

ultrasound imaging.  The results showed good inter- and intra- reliability for the lower 

trapezius muscle (ICC = 0.86-0.99).  The results also demonstrated that ultrasound 

imaging could be used to detect absolute change in thickness from resting to arm lifting 

(75% and 100% of isometric contraction) conditions but was yet unable to detect 

difference in lower trapezius muscle thickness between a low and high load placed on 

shoulder.  The authors discussed that ultrasound imaging may not be sensitive enough 

to detect changes at higher levels of muscle contractility or the lower trapezius muscle 

may function independently of the demand placed on shoulder.  Conversely, O’sullivan 

et al (16) demonstrated no difference in thickness of the lower trapezius at resting and 

during contraction at 90° and 120° of shoulder abduction between patients with 

shoulder pain and healthy controls.  It seems that a change in thickness of the lower 

trapezius muscle may depend on loads, task characteristics as well as pathology.  As 

investigation of thickness of the lower trapezius muscle either at resting or during 

contraction has not yet been conducted in patients with neck pain, this study was aim to 

investigate thickness of the lower trapezius at resting and during contraction at 120° of 

shoulder abduction in patients with neck pain compared to healthy controls.  Shoulder 

in 120° of abduction was chosen as this is a standard position for manual muscle testing 

as described by Kendall et al (17).  All participants in the study were alsoright hand 

dominant as hand dominance may have an effect on muscle thickness measured (7, 8). 

1.2 Aims of the study 

1. To compare resting thickness of the lower trapezius at 0° and 120° of 

shoulder abduction between patients with neck pain and controls 

2. To compare thickness of the lower trapezius during contraction at 120° of 

shoulder abduction between patients with neck pain and controls 
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1.3 Hypotheses of the study 

1. Thickness of the lower trapezius at resting at 0° and 120° of shoulder 

abduction in patients with neck pain would be less than controls 

2. Thickness of the lower trapezius during contraction at 120° of shoulder 

abduction in patients with neck pain would be less than controls 
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CHAPTER 2 

Literature review 

        The literature review in this study will explore the literature related to neck pain 

and a foundation for understanding change in thickness of the lower trapezius muscle in 

patients with neck pain.  The first sub-section will review the definition of neck pain.  

The second sub-section will review the prevalence of neck pain.  The third sub-section 

will review contributing factors of neck pain.  The forth sub-section will focus on the 

role of the axioscapular muscles associated with neck pain.  The fifth sub-section will 

review alterations of the trapezius muscle behavior in patients with neck pain and the 

last section will review the ultrasound imaging and its validity and reliability to measure 

the lower trapezius. 

2.1 Definitions of neck pain 

        In a review of Misailidou et al (18), definitions of neck pain in the literature have 

been suggested in different ways based on anatomical location, etiology, severity, and 

duration of symptoms. 

2.1.1 Definitions based on anatomical location of neck pain 

        The International Association for the Study of Pain (IASP) (19) defines neck pain 

as pain in the posterior region of the cervical spine, from the superior nuchal line to the 

first thoracic spinous process.  However, it has been argued that the definition of neck 

pain by the IASP has some limitations, in particular on referred pain areas (19).  

Recently, The Bone and Joint decade 2000-2010 Task Force on Neck Pain and its 

Associated Disorders (20) defines neck pain as pain located in the anatomical regions of 

the neck, which the posterior neck region is located from the superior nuchal line to the 

spine of the scapular and the side region is down to the superior border of clavicle and 

the supra sternal notch (Figure 1).  Additionally, neck pain may occur with or without 

radiation to the head, trunk, and upper limbs.  Bogduk and McGuirk (21) also suggest 
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that neck pain may be subdivided into upper cervical spinal pain (C0-3) and lower 

cervical spinal pain (C4-7).  Pain from the upper cervical spine is often referred to the 

head whereas pain from the lower cervical spine is often referred to the scapular region, 

anterior chest wall, shoulder, or upper limb. 

 

 

Figure 1 The anatomic region of the neck from the back (A) and the side (B) (20) 

2.1.2 Definitions based on etiology of symptoms 

        Many studies have considered neck pain as a local pathology but some have 

considered neck pain based on precipitating factors such as whiplash-associated 

disorders (WAD), occupational neck pain, sports-related neck pain, and non-specific 

neck pain (22-25).  However there is an argument that the causes of common neck pain 

are not known (21).  Thus the recommended term of “idiopathic neck pain” (26) or 

“cervical spinal pain of unknown origin” (27) is frequently used for patients who have 

neck pain with unknown cause.  

2.1.3 Definitions based on severity of symptoms 

        The Bone and Joint decade 2000-2010 Task Force on Neck Pain and its Associated 

Disorders (20) classifies neck pain into four grades, according to severity of pain. 

1) Grade I: neck pain with no signs of major pathology and no or little 

interference with activities of daily living 
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2) Grade II: neck pain with no signs of major pathology, but interference 

with activities of daily living 

3) Grade III: neck pain with neurologic signs or symptoms 

(radiculopathy) 

4) Grade IV: neck pain with signs of major structural pathology 

2.1.4 Definitions based on duration of symptoms 

        Based on duration of symptoms, The Bone and Joint decade 2000-2010 Task Force 

on Neck Pain and its Associated Disorders (20) categorizes neck pain into transitory, 

short-duration and long-duration neck pain.  Transitory neck pain lasts less than 7 days 

whereas short-duration neck pain lasts more than 7 days but less than 3 months and 

long-duration neck pain lasts 3 months or more.  

        The IASP (27) proposes duration of neck symptoms with the same time frames but 

different terminology.  According to the classification of the IASP, acute neck pain is 

used for transitory, subacute neck pain for short-duration, and chronic neck pain for 

long-duration. 

2.2 Prevalence of neck pain 

        Neck pain is a common musculoskeletal complaint in general populations 

worldwide (28, 29).  The prevalence of neck pain in general population varies with 

time.  Estimated one-month and one-year prevalence of neck pain ranged from 15.4% to 

45.3% and 12.1% to 71.5%, respectively (28).  The prevalence of neck pain peaks in 

middle-age groups (ages 30 to 39 and 40 to 49) (28, 30, 31) and is more common in 

women than men.  Cote et al (32) demonstrated that women were likely to develop 

more neck pain as well as experienced persistent pain than men (incidence rate ratio = 

1.67 and 1.19, respectively).  In addition, Gerr et al (33) found that white workers had a 

higher incidence of neck pain than non-white workers. 

        Many studies have demonstrated that patients with neck pain had continuous or 

recurrent symptoms in their life (29, 32).  Cote et al (32) investigated the incidence of 

neck pain in Saskatchewan adult population in Canada and found that 37.3% had 
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persistent problems, 9.9% experienced an aggravation during follow-up, and 22.8% 

reporteda recurrent episode of neck pain. 

2.3 Contributing factors of neck pain 

        Many factors have been demonstrated to be associated neck pain disorders (30).  

These include age, gender, marital and family status, occupation, ethnicity, physical 

capacity, history of musculoskeletal symptoms, headache, smoking, physical risk 

factors at work and psychological factor (30, 31, 33-35).  Additionally, it has been 

suggested that repetitive and precision work, working with hands above shoulders, poor 

working posture and heavy physical work increases risk of neck pain (36-38).  Ariëns et 

al (39) demonstrated that persons who were sitting for more than 95% of the working 

time had a higher risk of neck pain.  Johnston et al (40) also suggested that using a 

computer mouse for more than 6 hours per day was associated with a higher Neck 

Disability Index (NDI) score.  Similarly, Brandt et al (41) reported that the prevalence 

rate ratio (PRR) for neck pain was 1.7 for mouse use more than 25 hours per week. 

        Depressive symptom is one of the common psychological problems that has been 

found to be associated with neck pain (30).  Previous studies suggested that persons 

who had depressive or emotional symptoms and stress at work had a higher risk to 

develop neck pain (31, 42).  In addition, La Touche et al (43) demonstrated moderate 

correlations between severity of pain and neck pain and disability (NDI) score and 

between severity of pain and depression score (r = 0.57 and 0.64, respectively, p < 

0.05).  Johnston et al (40) also found associationsof higher NDI score and higher 

negative affectivity. 

2.4 The role of the axioscapular muscles 

        The trapezius and serratus anterior muscles (Figure 2), the scapular stability 

muscles, have shown to play an important role to maintain normal orientation of the 

scapula with arms by sides and also to stabilize/control the scapula during movement of 

the upper limb.  To comprise the muscle balance, these muscles also function in 

association with the activity and extensibility of the mobility muscles (i.e. pectoral 

muscles, levator scapulae and rhomboids) (44).  It has been suggested that a neutral 
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scapula position with arms by the sides are the mid position of the scapula (between 

upward and downward rotation, external and internal rotation, and posterior and anterior 

tilt) (45).  There is also a little difference in scapular orientation between dominant and 

non-dominant side (46).  The neutral position of the scapula is maintained by the 

trapezius and serratus anterior muscles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Lower trapezius muscle (A) Serratus anterior muscle (B) 

modified from Oatis (1) 

        In general, the upper trapezius assists in scapular elevation and upward rotation.  

The middle trapezius is to stabilize and adduct scapula and the lower trapezius helps 

adduct scapula and rotate scapular upward to lift the arm overhead (1).  Coupling of the 

three portions of the trapezius with the serratus anterior result in force couples, which is 

important for normal scapula orientation and control. 

        During arm elevation, it has been suggested that the upper trapezius contributes to 

scapula upward rotation and also scapula elevation however this is still unclear.  The 

lower trapezius externally rotates the scapular and assists in scapular upward rotation 

and posterior tilt whereas the middle trapezius helps to stabilize the scapula against 

action of the serratus anterior and levator scapulae.  The serratus anterior is a prime 

muscle in scapula upward rotation in particular during a completion of active arm 

elevation (Figure 3).  It also helps to abduct, posteriorly tilt and externally rotate the 

scapula holding it flat against the thoracic cage during arm movement (1, 47). 

A 

Lower trapezius 

B 

Serratus anterior 
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Figure 3 Force couple of the upper trapezius, lower trapezius and  

serratus anterior muscles modified from Oatis (1) 

        A study of Ekstrom et al (48) investigated EMG activity of the trapezius muscle 

(upper, middle and lower parts) and the serratus anterior muscle during nine manual 

muscle testing positions performed with maximum voluntary contraction in healthy 

individuals.  The results showed that the greatest EMG activity in the upper trapezius 

was with resistance applied at about 90° of shoulder abduction with the neck side-bent 

to the same side, rotated to the opposite side, and extended whereas the greatest EMG 

activity in the middle and lower trapezius was produced when the shoulder was 

horizontally abducted with external rotation and when the arm was raised above the 

head in line with the lower part of the trapezius in the prone position, respectively.  In 

the serratus anterior the maximum amount of EMG activity was generated with 

resistance given to upward rotation of the scapula with 125° of shoulder flexion.  

        There is evidence that the presence of pain can be associated with delayed 

activation of the muscles that control joint stability (49).  Thus altered activity of the 

scapular stability muscles: the trapezius and serratus anterior muscles may result in 

shoulder and neck pain.  Impaired function of the scapular stability muscle and 

increased activity of the mobility muscles (e.g. the levator scapulae) may induce load or 

compressive forces on the cervical spine (50).  Additionally, abnormal scapular 

Lower trapezius 

Serratus anterior 

Upper trapezius 
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orientation (i.e. a reduction in retraction of the clavicle, scapular upward rotation, 

scapular posterior tilt as well as an increase in clavicle elevation) has been found to be 

associated with alteration in balance forces of the serratus anterior and trapezius 

muscles (2, 47).  

2.5 Alterations of the trapezius muscle behavior in patients with neck pain 

        Alterations of the trapezius muscle behavior in patients with neck pain have been 

suggested in many studies (6, 51, 52).  Wegner et al (5) investigated alterations in three 

portions of the trapezius muscle activity as well as the effect of a scapular postural 

correction strategy on the trapezius activity in patients with neck pain compared to 

healthy controls.  The results showed significantly increased EMG activity in the middle 

trapezius (p = 0.02) and decreased EMG activity in the lower trapezius (p = 0.03) during 

the typing task in patients with neck pain compared to healthycontrols.  There was a 

trend towards decrease in EMG activity of the upper trapezius in patients with neck 

pain.  Also, after correction of the scapular position, there were no significant 

differences in activity in the middle and lower trapeziusbetween the two groups (p > 

0.05).  On the contrary, Falla et al (51) investigated the effect of experimental unilateral 

upper trapezius muscle pain on the relative activation of the three portions of the 

trapezius muscle and found decreased EMG amplitude in the upper trapezius muscle 

and increased EMG amplitude in the lower trapezius muscle during repetitive 

movement of the upper limb in patients with neck pain (51).  This result is similar to 

Zakharova-Luneva et al’s result which demonstrated significantly greater EMG activity 

of the lower trapezius muscle for the abduction and external rotation conditions at 20%, 

50% and maximum voluntary contraction (MVC) in patients with neck pain compared 

to controls (6).  Discrepancies between results of behavior of the lower trapezius 

activity may be dependent on specific upper limb tasks.  Moreover, it may be due to 

task characteristics (such as mode, direction, level of elevation, intensity and 

repetitiveness) and side of pain.  

        Recently, Petersen et al (8) also investigated the lower trapezius muscle strength in 

patients with unilateral neck pain using hand-held dynamometer and found significantly 
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decreased strength of the lower trapezius on the symptomatic side compared to the 

asymptomatic side.  This result may suggest that patients with neck pain have lower 

trapezius muscle weakness. 

        It has been documented that many factors can affect muscle activity.  These 

include age, gender and dominance side of the extremity and activity (11, 53-56).  There 

is evidence of decline in muscle strength with age (11, 54).  Muscle strength is also 

generally greater in men than women (53).  Muscle activity on dominance side is 

reported to be greater than non-dominant side (55, 56).  Yoshizaki et al (56) 

demonstrated that dominant arm had a higher percent integrated electromyography (% 

IEMG) of the lower trapezius than non-dominant arm (p < 0.05).  Similarly, McCreesh 

et al (55) investigated the effect of limb dominance and sports-specific activity on the 

anterior tibial muscle thickness in footballers and non-football playing controls using 

ultrasound imaging.  They demonstrated that the anterior tibial muscle group thickness 

on dominant leg was greater than non-dominant leg in the footballers. 

        Ultrasound imaging has been frequently used to evaluate function of the abdominal 

muscle in patients with back pain (9, 57).  It has also been used to evaluate the lower 

trapezius dysfunction in patients with shoulder pain.  However there is yet no study 

investigating dysfunction of the lower trapezius muscle using ultrasound imaging in 

patients with neck pain.  O’Sullivan et al (16) investigated changes in thickness of the 

trapezius muscle during isometric contraction in patients with shoulder pain compared 

to healthy controls using rehabilitative ultrasound imaging.  Thickness of the trapezius 

muscles (upper, middle and lower parts) was measured bilaterally at resting at 0°, 90° 

and 120° of shoulder abduction and during isometric contraction at 90° and 120°.  A 

real-time ultrasound scanner with a 7-MHz linear transducer was used to take muscle 

images of the upper trapezius at C5, middle trapezius at T1 and lower trapezius at T5 

and T8.  The results showed no significant differences between groups or sides in any 

part of the trapezius muscle thickness at resting and during isometric contraction at 0°, 

90° and 120° of shoulder abduction.  The authors discussed that patients with mild 

shoulder pain might not have impairment of the trapezius muscle assessed using 

ultrasound imaging.  It has been suggested that patients with neck pain have alteration 
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of EMG activity and decrease in strength of the lower trapezius muscle.  Measurement 

of thickness of the lower trapezius muscle using ultrasound imaging may potentially be 

used as an indirect measure of muscle strength and also an objective tool to evaluate 

rehabilitation strategies (O’sullivan 2007).  However, no published studies have 

determined thickness of this muscle in individuals with neck pain.  Thus, further 

research in this area is still required. 

2.6 Ultrasound imaging and its validity and reliability for measurement of the 

lower trapezius 

2.6.1 Ultrasound imaging  

        Ultrasound imaging is a non-invasive tool which provides images in real time and 

free of radiation risk (58-60).  It is also easy, rapid and reliable for the use of measuring 

dysfunction of muscle thickness either during resting and contraction (9, 10, 57). 

        Ultrasound imaging uses sound waves in the range of 1-20 MHz, which behave 

according to the wave propagation processes (61).  Ultrasound device consists of 

transducer (probe) and imaging system.  The transducer is responsible for generating 

ultrasound waves and converting the ultrasound echoes from the tissues into electrical 

signals whereas the imaging system processes the electrical signals, which are then 

displayed as a digital image.  The ultrasound transducer housing an array of crystals can 

be linear or curved.  A linear transducer is suitable to image small superficial structures 

as is the high-frequency transducer (7.5-15 MHz).  A curved transducer and low-

frequency (2-5 MHz) is more suitable for deep structures.  There are several modes 

available to display the ultrasound echo however B-mode (brightness) is commonly 

used to measure the static architectural features of a muscle such as length, depth and 

cross-sectional area (12, 62, 63).  In addition, there are other factors that can affect 

ultrasound images.  These include an examiner’s ultrasound experience, transducer 

pressure and position and muscle location and condition (53, 59, 64, 65).  The examiner 

needs to be trained in use of ultrasound (64).  An ultrasound transducer should be 

pressed as light as possible to avoid distortion of the underlying tissues (53).  A good 
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ultrasound image is obtained by consistence of transducer position (64, 65).  Suitability 

of the angle of the transducer can help to visualize sharpness of the muscle borders.  

Thus the ultrasound transducer may be slightly angled in either cephalad or caudad 

direction (59, 64). 

2.6.2 Validity and reliability for measurement of the lower trapezius muscle 

        Ultrasound imaging has been shown to be valid and reliable for measuring the 

thickness of several muscles including the lower trapezius muscle (14, 15).  In 2007, 

O’Sullivan et al (14) developed a technique for measuring the lower trapezius muscle 

thickness using ultrasound imaging and investigated intrarater and interrater reliability 

of measurements in healthy controls.  In this study only the left lower trapezius was 

scanned.  To measure the lower trapezius muscle, inferior angle of the left scapula and 

the vertebra at the same level was used as reference for imaging the lower trapezius 

muscle.  Scanning was performed with the subject positioned in prone with the head and 

neck in neutral alignment.  A real-time ultrasound scanner with an 8-MHz linear 

transducer and Image J software was used to measure thickness of the lower trapezius 

muscle at 3 cm lateral to the lateral edge of the spinous process.  Linear measurement of 

the lower trapezius was measured at the inside edge of the muscle border.  The results 

showed high reliability of intra- and inter rater reliability for ultrasound measurements 

of the lower trapezius muscle (ICC = 0.89-0.99 and 0.88, respectively).  The authors 

concluded that thickness of the lower trapezius muscle could be reliably measured by 

ultrasound imaging and the vertebral level suggested for measurement was T8.  

However, validity of the ultrasound measurement was yet to be conducted in the study. 

Thus in 2009, O’Sullivan et al (15) again described protocols for measuring lower 

trapezius muscle at T5 and T8, middle trapezius at T1 and upper trapezius at T1 as well 

as compared measurements of trapezius muscle thickness taken from MRI scan as the 

gold standard with ultrasound scans.  The results showed good and moderate 

correlations between MRI and rehabilitative ultrasound imaging (RUSI) measurements 

of the lower trapezius muscle at T8 and T5 (r = 0.77 and 0.62, respectively, p < 0.001).  

There were poor correlations of measurements of the upper trapezius muscle at C6 (r = 

0.52, p = 0.001) and middle trapezius at T1 (r = -0.22-0.25, p > 0.05).  The mean of the 
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lower trapezius thickness on RUSI at T8 in this study was 3.6 mm, which is consistent 

with their previous study (14).  From O’Sullivan et al’s studies, it may imply that RUSI 

is a valid method of measuring the lower trapezius muscle thickness. 

2.7 Summary statement  

        Neck pain is a common problem in the general population.  Lower trapezius 

muscle, one of the axioscapular muscles has an important role in maintaining normal 

orientation of the scapula with arms by sides and controlling the scapula during 

movement of the upper limb.  It has been suggested that patients with neck pain have 

altered behavior of the lower trapezius muscles at resting and during muscle contraction 

assessed using EMG and dynamometer.  It is questioned whether there is also decrease 

in muscle size of the lower trapezius in patients with neck pain.  To date, there has no 

study investigating muscle size (thickness) of the lower trapezius muscle in patients 

with neck pain.  A study has demonstrated that ultrasound imaging is a reliable and 

valid method for measuring the lower trapezius muscle.  Thus, this study aims to 

evaluate thickness of the lower trapezius muscle in patients with neck pain compared to 

healthy controls using ultrasound imaging.  As alteration in muscle thickness may be 

related to scapular orientation and muscle activity, the thickness of the lower trapezius 

in the study will be measured at different conditions (resting at 0° and 120° shoulder 

abduction and during contraction at 120° shoulder abduction).  The shoulder in 120° of 

abduction is chosen according to functional anatomy of the lower trapezius.  The result 

of this study will be of importance for a better understanding of changes in muscle 

thickness of the lower trapezius in patients with chronic neck pain.  Furthermore, it may 

also provide useful information for assessment and management in patients with neck 

pain. 
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CHAPTER 3 

Methods 

3.1 Sample size calculation 

        Sample size calculation in this study was based on our unpublished data of the 

lower trapezius thickness conducted in patients with unilateral neck pain (n = 30) and 

healthy controls (n = 30) utilizing the same ultrasound method at resting condition (0° 

shoulder abduction).  The mean thickness of the lower trapezius muscle for the neck 

pain and control groups was 2.76 ± 0.66 and 3.28 ± 0.75, respectively.  To achieve a 

power of 80% with a significance level of 0.05 and effect size of 0.74, a total of 48 

subjects (the neck pain group = 24 and the control group = 24) were recruited for the 

study. 

3.2 Participants 

        Twenty-four volunteers with chronic neck pain aged between 18 and 59 years were 

recruited through advertising in physical therapy clinics, hospitals and community.  

Twenty-four matched controls of age, gender and body mass index were also sought for 

the study.  Inclusion and exclusion criteria for both groups were as follows. 

3.2.1 Inclusion criteria for the neck pain group:  

1) Had been suffering from chronic neck pain for at least 3 months 

2) Had unilateral (right) idiopathic neck pain Grade I or II 

3) Had the Neck Disability Index score of > 10/100  

4) Had a dominant right hand which was considered according to 

Yoshizaki et al’s study (56) 

3.2.2 Inclusion criteria for the control group: 

1) Had no history of neck pain for 12-month period (VAS < 2/10) 
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2) Had a dominant right hand which was considered according to 

Yoshizaki et al’s study (56) 

3.2.3 Exclusion criteria for the neck pain and control groups:  

1) Had a history of neck surgery 

2) Had a training program involving the scapular muscles in the past 12 

months 

3) Had fibromyalgia or myofascial pain 

4) Had systemic diseases 

5) Had neurological disorders 

6) Had shoulder/back disorders  

7) Had a severe scoliosis  

        The study was approved by Human Experimental Committee of Faculty of 

Associated Medical Sciences, Chiang Mai University and the informed consent was 

obtained from each participant prior to commencement of the study. 

3.3 Measurements 

3.3.1 Questionnaires 

1) A General questionnaire 

        General questionnaire was developed to include demographic data and neck pain 

characteristics (i.e. duration, sides and associated symptoms of neck pain).  Details of 

the questionnaire are provided in Appendix D1. 

2) Visual Analog scale (VAS) 

        Visual analog scale (VAS) is commonly used to evaluate pain perception in both 

research and clinical settings (66) and has shown high reliability and validity (67, 68).  

It consists of a 100-mm horizontal line (69).  Participants were asked to rate their level 

of pain in their neck from the no pain (0 cm) anchored on the left to the worst pain 

imaginable (10 cm) anchored on the right.  The distance from the ‘‘no pain’’ anchor to 

this mark was measured by a ruler in millimeters (mm) and used as the overall pain 
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intensity score (70, 71).  The overall pain score could range from 0 to 100 (71).  Details 

of this questionnaire are provided in Appendix D2. 

3) Neck Disability Index-Thai version (NDI-TH) 

        The Neck Disability Index (NDI) is a self-reporting of neck disability 

questionnaire (68).  It includes 10 items: pain intensity, personal care, lifting, reading, 

headaches, concentration, work, driving, sleeping, and recreation.  Each item is scored 

out of 5 with a maximum total score of 50 (72).  The interpretation of the NDI score is 

as follows: 0-4 = none; 5-14 = mild disability; 15-24 = moderate disability; 25-34 = 

severe disability; over 34 = complete disability.  The NDI-TH has been translated from 

the original English versions of the NDI and shown to be valid and reliable for measure 

neck disability in Thai patients with neck pain (73).  Details of this questionnaire are 

provided in Appendix D3. 

3.3.2 Ultrasound imaging 

        A real-time ultrasound scanner (Toshiba Famio 8, Tokyo, Japan) with a 12-MHz 

linear transducer was used to image the lower trapezius muscle, according to the 

procedure described by O’Sullivan et al (16).  The lower trapezius muscle was imaged 

at the spinous process of T8.  The transducer was placed centrally and moved laterally 

over the inferior edge of the T8 spinous process to image the lower trapezius muscle.  

The echogenic bone of the T9 spinous process was identified and maintained as a 

consistent landmark to capture the muscle.  The transducer might be angled slightly 

caudad or cephalad to capture the best images.  The images of the lower trapezius 

muscle were measured twice both sides. 

        The thickness of the lower trapezius was measured by a blinded investigator using 

Image J software (available for free download at 

http://rsb.info.nih.gov/ij/docs/index.html).  The cursor was placed on the inside edge of 

the muscle border and the measurement was made at 3 cm lateral to the lateral edge of 

the spinous process (Figure 4). 

http://rsb.info.nih.gov/ij/docs/index.html
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Figure 4 Measurement of the thickness of the lower trapezius muscle 

        The reliability of the measurement of the lower trapezius thickness in this study 

had been shown to be good to excellent (ICC3, 1 for intra-reliability = 0.86 and ICC2, 1 

for inter-reliability = 0.92).  Details of the inter- and intra-reliability are provided in 

Appendix E1 and E2. 

3.4 Procedures 

        On the testing day, all participants completed a consent form and general 

questionnaire.  Participants with neck pain also completed the neck disability index-TH 

version (NDI-TH) (68) and visual analogue scale (VAS).  Participants were then 

positioned prone on a treatment plinth with the head in midline, the arms close to the 

side and the palms facing the ceiling (14-16).  An investigator who was blinded to the 

participant’s condition palpated the spinous process of T8 and marked with a non-

permanent marker as a reference line for imaging the lower trapezius muscle.  The 

ultrasound imaging measurement of the lower trapezius muscle was performed both 

sides under a standard set of conditions: (1) at rest at 0° shoulder abduction; (2) at rest at 

120° shoulder abduction and; (3) during contraction at 120° shoulder abduction.  For the 

first condition, participants were instructed to completely relax with their arms 

remaining at their side.  For the second condition, participant’s arm was positioned at 

120° abduction measured by a goniometer (16).  This position was relevant to the line 

of the lower trapezius muscle fibers and recommended as a standard position for manual 
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muscle testing (17).  Participants were then asked to maintain the position and relax as 

much as possible.  For the last condition, participants were asked to lift their arm 

straight up without any compensation.  The height that participants could lift without 

compensation was set as a reference point, using an adjustable bar.  To prevent 

compensation during the test, the other investigator stood at the side test and stabilized 

the contralateral scapula (8, 17, 48) (Figure 5).  The side measured for all conditions 

was performed in a random order.  Each condition was captured two times with a 30-60 

second rest between images and each image captured was measured twice using Image J 

software.  The mean values of each side for each condition were used for further 

analysis.  A flow chart of the study is shown in Figure 6. 

 

 

Figure 5 The ultrasound imaging measurement of the lower trapezius muscle 

during contraction at 120° shoulder abduction 
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Figure 6 Flow chart of the study procedure 

3.5 Independent and dependent variables 

3.5.1 Independent variable 

Subject group (patients with neck pain and controls) 

3.5.2 Dependent variable 

The average thickness of the lower trapezius muscle 

 

 

Screening for inclusion and 

exclusion criteria  

 

Control group (n = 24) Neck pain group (n = 24) 

Participant recruitment 

Questionnaire completion 

Thickness measurement using Image J 

Ultrasound imaging  

          (1) Resting 0° shoulder abduction 

          (2) Resting 120° shoulder abduction 

          (3) Contraction at 120° shoulder abduction 
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3.6 Statistical analysis 

        Kolmogorov-Smirnov test was used to test normality of the variables.  Independent 

t-test was then used to determine differences in demographic data and the thickness of 

the lower trapezius in each condition between the neck pain and control groups.  

Dependent t-test was further used to determine differences in the muscle thickness 

between sides for each group.  A significance level was set at 0.05.  All statistical 

analyses were analyzed by SPSS (version 16.0). 

3.7 Location 

      The study was conducted at the Radiologic Technology Clinic and Department of 

Physical Therapy, Faculty of Associated Medical Sciences, Chiang Mai University. 
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CHAPTER 4 

Results 

4.1 Demographics of participants 

        Demographic data for participants in the neck pain and control groups are shown in 

Table 1.  Two outliers (one neck pain and one control) were excluded from the analysis.  

There were no significant differences in age, weight, height and BMI between the neck 

pain and control groups (all p > 0.05), except for the VAS and NDI scores (p < 0.05). 

Table 1 Demographic data of the participants 

 

Variables 

(mean ± sd)  

p-value Neck pain 

(n = 23) 

Control 

(n = 23) 

Gender  

Male : Female (n) 

 

2 : 21 

 

2 : 21 

 

- 

Age (yrs) 27.52 ± 5.33 27.00 ± 5.46 0.75 

Weight (kg) 54.52 ± 7.50 53.28 ± 7.84 0.59 

Height (cm) 160.57 ± 6.93 161.09 ± 5.96 0.79 

BMI (kg/m2) 21.17 ± 2.76 20.48 ± 2.32 0.37 

VAS (0-10) 5.16 ± 1.95 0.53 ± 0.84 <0.01 

NDI (0-100) 22.35 ± 8.15 3.39 ± 3.22 <0.01 

Values represent mean ± sd 

BMI = Body Mass Index, VAS = Visual Analog Scale, NDI = Neck Disability Index 
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4.2 Thickness of the lower trapezius  

        Table 2 shows the mean values and standard deviations for the left and right sides 

of the lower trapezius thickness between the neck pain and control groups.  The results 

of Independent t-test revealed no significant differences between groups in the thickness 

of the lower trapezius both sides in all conditions (all p > 0.05), except for that on the 

right side at resting at 0° of shoulder abduction condition, which the neck pain group 

had smaller thickness than the control group (p < 0.05).  

        The results of dependent t-test revealed no differences in the thickness of the lower 

trapezius between the left and right sides in all conditions in the neck pain group (all p> 

0.05).  In the control group, the thickness of the lower trapezius on the right side was 

greater than that on the left side in all condition (all p < 0.05). 

  



 

24 

 

Table 2 Thickness of the lower trapezius muscle in the neck pain and control groups 

 

 

Thickness (mm) 

Neck pain group 

(n = 23) 

Control group 

(n = 23) 

At rest 0° 

    Left  

    Right 

At rest 120° 

    Left  

    Right 

At contraction 120° 

    Left  

    Right 

Difference in thickness at 120° 

    Left  

    Right 

 

2.38 ± 0.94 

2.55 ± 0.66 a 

 

2.88 ± 1.14 

3.14 ± 0.90 

 

4.37 ± 2.58 

4.57 ± 1.94 

 

1.49 ± 1.89 

1.43 ± 1.46 

 

2.54 ± 0.91 

2.96 ± 0.98 b 

 

2.99 ± 0.95 

3.32 ± 1.02 b 

 

4.44 ± 1.98 

5.28 ± 2.39 b 

 

1.45 ± 1.32 

1.96 ± 1.70 b 

Values are presented as mean ± SD 

ap < 0.05 compared between neck pain and control groups 

bp < 0.05 compared between the left and right sides 
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CHAPTER 5 

Discussion 

        This study has investigated thickness of the lower trapezius muscle at rest at 0° and 

120° and during contraction at 120° of shoulder abduction using ultrasound imaging in 

patients with neck pain compared to healthy controls.  The results partially support our 

hypotheses.  The first hypothesis of this study was that thickness of the lower trapezius 

at rest at 0° and 120° of shoulder abduction would be less in patients with neck pain 

than controls.  Our findings found that the neck pain group had smaller thickness of the 

lower trapezius muscle than the control group on the right side at rest at 0° of shoulder 

abduction only.  There were no differences in the thickness at rest at 120° of shoulder 

abduction and during contraction.  The second hypothesis was that thickness of the 

lower trapezius during contraction at 120° of shoulder abduction would be less in 

patients with neck pain compared to controls.  The results demonstrated no differences 

in thickness of the lower trapezius muscle during contraction between the neck pain and 

control groups.  Furthermore, the results of this study found symmetry in the lower 

trapezius muscle thickness between the left and right sides in all conditions in patients 

with neck pain but bilateral asymmetry in healthy controls. 

5.1 Thickness of the lower trapezius muscle 

        This study demonstrated decreased thickness of the lower trapezius muscle at rest 

(0° shoulder abduction) on the painful side in patients with neck pain compared to 

controls.  There was no difference in the lower trapezius muscle thickness at rest and 

during contraction of 120° shoulder abduction between the neck pain and control 

groups.  However, the average of the lower trapezius muscle thickness on the painful 

side during contraction were likely to be less in patients with neck pain, but the 

difference between groups did not reach a statistical significance.  These results are 

partially supported by a previous study conducted by O’sullivan et al (16).  They 

investigated percentage thickness change of the lower trapezius muscle during isometric 
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contraction between patients with and without shoulder pain, and between painful and 

non-painful sides.  They demonstrated no differences between sides and groups in 

resting and contracted muscle thickness at 0°, 90°, and 120° of shoulder abduction in 

patients with unilateral shoulder pain.  The percentage thickness changes during 

contraction at 120° were higher in the painful side than the non-painful side however 

the difference was not statistically significant.  The discrepancy between O’sullivan et 

al’s and our results may be due to variations between individuals and tasks.  Recently, 

Hodges and Tucker (74) have proposed a new theory to explain the motor change in 

pain.  Responses of muscle activity are likely to vary according to muscles and tasks.  

There are also various options of the nervous system to achieve the protection from pain 

or injury.  Thus decrease or increased muscle activity can be associated with pain.  The 

decreased thickness of the lower trapezius muscle on the painful side in this study may 

be due to changes in muscle activity with pain (75).  Alternatively, it has been suggested 

that impaired function of the scapular control can produce compressive force on the 

cervical spine (50).  Thus the thickness that decreased in the painful side may be 

associated with poor scapular control.  

        On the other hand, the results of this study are consistent to previous studies which 

demonstrated impairment of the lower trapezius muscle using EMG in patients with 

neck pain (5, 6).  Wegner et al (5) reported decrease in EMG activity of the lower 

trapezius muscle in patients with neck pain during the typing task compared to controls.  

Zakharova-Luneva et al (6) also found that patients with neck pain had greater EMG 

activity of the lower trapezius muscle at 20%, 50% and 100% maximum voluntary 

contraction (MVC) than controls for the abduction and external rotation conditions.  

        As mentioned earlier, activity of muscle can vary between tasks.  Thus this may be 

one reason for no difference in the lower trapezius thickness during contraction but at 

rest at 0° of shoulder abduction in this study.  Another reason may be associated with 

level of muscle contraction tested in this study.  Hodges et al (57) investigated thickness 

of several human muscles using ultrasound imaging during isometric contraction (0-

100% maximum voluntary contraction) and found that only low levels of muscle 

activity (< 30% MVC) could be detected by ultrasound imaging.  Ultrasound measure 
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of thickness could not differentiate between moderated to strong contraction.  In this 

study, participant’s arm was placed at abduction angle of 120° and then we asked the 

participant to lift his/her arm off the bed and hold for 5-10 seconds.  This may exceed 

low level of muscle contraction.  However, force and EMG muscle activity were not 

measured, which is a study limitation.  In addition, lifting arm at abduction angle of 

120° activated not only the lower part of the trapezius muscle but also the upper and 

middle parts (76).  Thus, different patterns of muscle activation may be another possible 

factor.  Increase in thickness during contraction may indicate muscle contraction which 

is useful for clinicians training lower trapezius muscle.  Although there was no 

significant difference in thickness during contraction between groups, it was noted that 

the neck pain group had a reduction in muscle contraction of the lower trapezius muscle 

in the right side but not the left side compared to the control.  This may suggest that the 

lower trapezius muscle contraction is influenced by pain in the neck. 

        Decrease in the lower trapezius thickness during contraction was observed in some 

cases, particularly in the control group.  We have noticed on the screen during 

contraction that muscle in those was pulled medially.  The imaging site (3 cm lateral to 

spinous process at T8) may be relatively far from the spinous process, accounting for a 

thinner portion of the thickness measured.  Furthermore, only thickness was imaged in 

this study.  Hides et al (77) previously found lateral sliding of muscle-fascia junction of 

transverses abdominis (TrA) muscle in healthy controls using ultrasound imaging 

during a drawing-in of the abdominal wall.  Gildea et al (78) also reported that small 

degree of TrA lateral sliding in patients with low back pain compared to controls but 

there was no difference in TrA thickness between the two groups.  Thus, sliding 

patterns of muscle-fascia junction may also be associated with changes in thickness of 

the lower trapezius muscle between the neck pain and control group.  Further research 

in this area is still required. 

        In addition, the results of this study demonstrated identical thickness of the lower 

trapezius muscle between the right (painful) side and left (non-painful side) side in 

patients with neck pain whereas the control group had a greater thickness in the 

dominant side than the non-dominant side.  These results support other (79) and our 
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previous findings (unpublished data).  Wannaprom et al (79) investigated thickness of 

the lower trapezius muscle between the dominant and non-dominant arms in healthy 

controls and found thickness of the dominant arm was greater than the non-dominant-

arm.  Likewise, Yoshizaki et al (56) reported that dominant arm had a greater percent 

integrated electromyography (%IEMG) of the lower trapezius than non-dominant arm 

in healthy controls.  The lower trapezius muscle identical in size in patients with 

unilateral neck pain may be due to atrophy of muscle on the side ipsilateral to pain. 

        From the results of this study, it may indicate that ultrasound imaging can be used 

to detect thickness of the lower trapezius muscle at rest (0° of shoulder abduction) in 

patients with neck pain.  To detect impairment of the lower trapezius muscle using 

ultrasound during isometric contraction, further research is warranted.  

5.2 Clinical implications and limitations 

        The study confirms impairment of the lower trapezius muscle in patients with neck 

pain.  It also provides further information about the use of ultrasound imaging to detect 

thickness of the lower trapezius in patients with neck pain.  The results suggest atrophy 

of the lower trapezius muscle in patients with neck pain.  However, the evidence of 

decreased thickness of the lower trapezius muscle was observed at rest but not during 

contraction.  Evaluation of thickness of the lower trapezius muscle using ultrasound 

may assist clinicians to determine dysfunction of the lower trapezius muscle associated 

with neck pain in clinics.  Also, clinicians should also be aware that size of muscle is 

not necessary to be symmetrical.  It may depend on several factors such as pain side, 

hand dominance and functional characteristics of muscles. 

        There are some limitations in this study.  The sample size of this study was small.  

The statistical power levels of the non-significant results (at rest and during contraction 

at 120° conditions) were less than 0.8, indicating inadequate power to detect statistical 

significance.  Only the lower part of the trapezius muscle was measured as one 

transducer could be used at one time.  Simultaneous recording of muscle activity and 

force were also not made.  Moreover, it was not possible to control scapula during 

contraction between individuals.  There may also be different patterns of muscle 
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activation.  Additionally, the task for muscle contraction was tested according to 

anatomical structure but not be part of functional activity.  Muscle fatigue may also be 

occurred during contraction test.  Patients with neck pain in this study had mild intensity 

and disability of pain and pain on the dominant side.  Thus the results may not be 

directly applied to those with higher level of pain and/or having pain on the non-

dominant side. 

5.3 Future directions in research 

        The results of this study demonstrated decreased thickness of the lower trapezius 

muscle at 0° of shoulder abduction in patients who had unilateral neck pain on the same 

side as their dominant hand.  Future research using different ways to detect dysfunction 

of the lower trapezius muscle during contraction is required.  Sliding pattern of muscle 

should also be addressed.  Investigation of simultaneous ultrasound imaging, EMG 

activity and force would help to provide better understanding of relationships between 

thickness, muscle activation and strength of the lower trapezius muscle.  Testing 

position should also be addressed.  Further research should investigate level of the 

cervical joint that effect on thickness of the lower trapezius muscle.  Additionally, 

future research should investigate thickness of the lower trapezius muscle in relative to 

other muscles as well as during functional tasks.  Moreover, a clinical trial study 

investigating the effectiveness of specific exercise training on the lower trapezius 

muscle in patients with neck pain would also assist in supporting the contribution of the 

lower trapezius muscle to pain in the cervical spine. 

5.4 Conclusion 

        The results of this study demonstrated that patients with neck pain had smaller 

thickness of the lower trapezius muscle at rest 0° of shoulder abduction on the painful 

side compared to control but not at rest and during contraction of 120° shoulder 

abduction.  This suggests that impairment of the lower trapezius muscle at rest 0° of 

shoulder abduction can be detected by ultrasound imaging.  However investigation of 

size of the lower trapezius muscle during contraction is still warranted.  Future research 

is also required to identify pattern of the lower trapezius muscle during functional 
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activity in patients with neck pain.  This will provide better understanding of the 

association of the lower trapezius muscle and neck pain. 
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Appendix B 

Consent form 

หนังสือแสดงความยนิยอมการเข้าร่วมในโครงการวจัิย 

ขา้พเจา้นาย/นาง/นางสาว ขอยน้ยวาขย้นยอข...........................................................................
ของตนเองท่ีจะเขา้ร่วขยนการศึกษาวจ้ยัเร่ืองการวดัยวาขนนาของกลา้ขเน้ือทราพีเซียสส่วนล่างโดยยช้
ภาพถ่ายอลัตราซาวดย์นผูท่ี้ขีอาการปวดยอเร้ือรัง 

ขา้พเจา้ได้รับทราบข้อขูลและย าอธ้บายเก่ียวกับการว้จยัน้ีแล้ว ข้าพเจา้ได้ขีโอกาสซักถาข
เก่ียวกบัการวจ้ยัน้ีและไดรั้บย าตอบเป็นท่ีพอยจและเขา้ยจแลว้ขา้พเจา้ขีเวลาเพียงพอยนการอ่านและท า
ยวาขเขา้ยจกบัขอ้ขูลยนเอกสารน้ีอยา่งถ่ีถว้น และไดรั้บเวลาเพียงพอยนการตดัส้นยจวา่จะเขา้ร่วขการ
ศึกษาวจ้ยัน้ีนรือไข่ 

ขา้พเจา้ทราบวา่ผูว้้จยัยน้ดีท่ีจะตอบย าถาขประการยดท่ีขา้พเจา้อาจจะขีไดต้ลอดระยะเวลาการ
เขา้ร่วขการว้จยัยร้ังน้ี ผูว้้จยัรับรองว่าจะเก็บขอ้ขูลเฉพาะท่ีเก่ียวกบัตวัขา้พเจา้เป็นยวาขลบั และจะ
เป้ดเผยได้เฉพาะยนรูปท่ีเป็นสรุปผลการว้จยั และผูว้้จยัจะปฏ้บต้ัยนส่้งท่ีไข่ก่อยน้เก้ดอนัตรายต่อ
ร่างกายนรือจ้ตยจของข้าพเจ้าตลอดการว้จยัน้ีและรับรองว่านากเก้ดขีอนัตรายยดๆ จากการว้จัย
ดงักล่าวขา้พเจา้จะไดรั้บการดูแลรักษาอยา่งเตข็ท่ี 

ขา้พเจา้ย้นยอขเขา้ร่วขการว้จยัโดยสขยัรยจ และสาขารถถอนตวัออกจากการว้จยัน้ีเข่ือยดก็ได้
โดยไข่ขีผลกระทบต่อส้ทธ้ยนการรับการรักษาพยาบาลนรือส้ทธ้อ่ืนๆ ท่ีขา้พเจา้พึงไดรั้บ และกรณีท่ี
เก้ดขอ้ขอ้งยจนรือปัญนาท่ีขา้พเจา้ตอ้งการปรึกษากบัผูว้จ้ยั ขา้พเจา้สาขารถต้ดต่อกบัผูว้จ้ยั ยือนางสาว
ชโลขยจ เพ็ญศรี ไดท่ี้ ยณะเทยน้ยการแพทย ์สาขากายภาพบ าบดั นขายเลขโทรศพัท์ 083-1674046 
นรือ ผศ. ดร. สุรีพร อุทยัยุปต ์ท่ีภายว้ชากายภาพบ าบดั ยณะเทยน้ยการแพทย ์ขนาว้ทยาลยัเชียงยนข่ 
นขายเลขโทรศพัท ์0-5394-9249 นรือ 084-6112727 
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โดยการลงนาขน้ีขา้พเจา้ไข่ไดส้ละส้ทธ้ยดๆ ท่ีขา้พเจา้พึงขีทางกฎนขาย 

ลายขือช่ืออาสาสขยัร..............................................................................วนัท่ี................................ 
                                      (.....................................................................) 

ลายขือช่ือผูย้นข้อ้ขูลการวจ้ยั...................................................................วนัท่ี................................ 
                                      (.....................................................................) 

พยาน.......................................................................................................วนัท่ี................................ 
                                      (......................................................................) 
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Appendix C 

Information sheet 

เอกสารช้ีแจงโครงการวจัิย (ข้อมูลส าหรับอาสาสมัคร) 

แนะน าโครงการวจัิย  

การศึกษาน้ีเป็นโยรงการว้จยัเก่ียวกบัการวดัยวาขนนาของกล้าขเน้ือทราพีเซียส (กล้าขเน้ือ
สะบกั) ส่วนล่าง โดยยช้ภาพถ่ายอลัตราซาวด์ยนผูท่ี้ขีอาการปวดยอเร้ือรังเปรียบเทียบกับผูท่ี้ไข่ขี
อาการปวดยอ  

ท าไมต้องท าวจัิยนี้ 

เน่ืองจากอาการปวดยอพบไดบ้่อยยนกลุ่ขประชากรโดยทัว่ไปและจากการวจ้ยัท่ีผา่นขาพบวา่ผู ้
ท่ีขีอาการปวดยอส่วนยนญ่ขกัจะขีอาการอ่อนแรงและขีการท างานท่ีผ้ดปกต้ของกล้าขเน้ือสะบกั
ส่วนล่าง การศึกษาน้ีจะท ายน้ทราบถึงยวาขนนาของกลา้ขเน้ือสะบกัส่วนล่างทั้งยนขณะพกัและยน
ขณะท่ีขีการนดตวัยนผูท่ี้ขีอาการปวดยอเร้ือรังขา้งเดียวซ่ึงผลการศึกษาน้ีจะเป็นประโยชน์ยนการ
น าขาวางแผนการรักษาแก่ผูท่ี้ขีอาการปวดยอยนขี้ประส้ทธ้ภาพขากย้ง่ข้ึน 

มีอาสาสมัครกีค่นทีจ่ะเข้าร่วมโครงการวจัิยนี้ 

อาสาสขยัรเพศนญ้งและชายท่ีขีอายุระนวา่ง 18 - 59 ปี จ  านวน 48 ยน แบ่งเป็นกลุ่ขท่ีขีอาการ
ปวดยอเร้ือรังขา้งขวาแบบไข่ทราบสาเนตุจ านวน 24 ยน และ กลุ่ขท่ีไข่ขีอาการปวดยอจ านวน 24 ยน  

อะไรบ้างทีอ่าสาสมัครต้องท าหากเข้าร่วมโครงการวจัิย 

อาสาสขยัรจะตอ้งตอบแบบสอบถาขขอ้ขูลทัว่ไปและแบบสอบถาขขอ้ขูลเก่ียวกบัยวาขรุนแรง
ของ อาการปวดยอ และแบบสอบถาขดชันีวดัยวาขบกพร่องยวาขสาขารถของยอ นลงัจากนั้นท่านจะ
ได้รับการ ตรวจประเข้นการวดัยวาขนนาของกลา้ขเน้ือสะบกัส่วนล่างทั้ง 2 ขา้งขณะท่ีแขนพกัขา้ง
ล าตวัและแขนกาง 120 องศา และขณะยกแขนข้ึนจากพื้นเตียง ดว้ยเยร่ืองอลัตราซาวด ์โดยท่านจะตอ้ง
เปล่ียนยส่เส้ือท่ีเป้ดบร้เวณสะบกัและนอนยว  ่าบนเตียงรักษา จากนั้นผูต้รวจประเข้นจะบีบเจลอลัตรา
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ซาวด์ตรงบร้เวณกล้าขเน้ือสะบักและตาขด้วยการเยล่ือนนัวอลัตราซาวด์บนกล้าขเน้ือ การตรวจ
ประเข้นจะท าโดยนกักายภาพบ าบดัท่ีเป็นเพศนญ้งและยนนอ้งตรวจท่ีป้ดข้ดช้ด  

ท่านต้องอยู่ในโครงการวจัิยนี้นานเท่าไร?  

ท่านจะไดรั้บการตรวจประเข้นเพียงยร้ังเดียว โดยเก็บขอ้ขูลจะยชร้ะยะเวลาประขาณ 60 นาที 

ท่านจะมีความเส่ียงอะไรบ้างหากเข้าร่วมโครงการวจัิย? 

ท่านจะขียวาขเส่ียงนอ้ยขากยนการเขา้ร่วขโยรงการว้จยั แต่ท่านอาจจะขียวาขเส่ียงต่อการเก้ด
ผื่นยนัจากเจลอลัตราซาวด์ และ/นรือเข่ือยลา้เล็กนอ้ยจากการยกแขน แต่อยา่งไรก็ตาขทั้งน้ีผูว้้จยัจะขี
การสอบถาขยวาขรู้สึกของท่านตลอดระยะเวลาท่ีขีการเก็บขอ้ขูลและยน้ท่านพกัยนระนว่างการ
ทดสอบ และนากท่านเก้ดการแพจ้ากเจลอลัตร้าซาวด ์ท่านจะไดรั้บการปฐขพยาบาลเบ้ืองตน้ เช่น การ
ทาดว้ยยาราขายด ์นรือการน าส่งสถานพยาบาลตาขยวาขจ าเป็น 

การถอนท่านออกจากโครงการวจัิย 
ท่านสาขารถถอนตวัออกจากโยรงการว้จยัไดต้ลอดเวลานากไข่ประสงย์ท่ีจะเขา้ร่วขงานว้จยั 

โดยไข่จ  าเป็นตอ้งช้ีแจงเนตุผลแก่ผูว้้จยั และการถอนตวัจากการศึกษาว้จยัดงักล่าวจะไข่กระทบต่อ
สวสัด้การการดูแลรักษาพยาบาลยดๆ ท่ีท่านพึงจะไดรั้บ 

ท่านจะได้รับประโยชน์อะไรบ้างจากการเข้าร่วมโครงการวจัิยนี้? 

ท่านจะไข่ไดรั้บประโยชน์โดยตรงจากการเขา้ร่วขโยรงการว้จยั แต่ขอ้ขูลโดยรวขของงานว้จยั
น้ีจะ เป็นประโยชน์ต่อการวางแผนการรักษายนผูท่ี้ขีอาการปวดยอเร้ือรังยนขี้ประส้ทธ้ภาพขากย้ง่ข้ึน 

การรักษาความลบัเกีย่วกบัตัวท่าน 

ขอ้ขูลส่วนตวัของท่านจะถูกปกป้ดเป็นยวาขลบั การน าเสนอขอ้ขูลและผลการศึกษาจะ
ไดรั้บการรายงานเป็นย่าเฉล่ียของผูเ้ขา้ร่วขการศึกษาวจ้ยัทั้งนขด โดยไข่ขีการเป้ดเผยเอกลกัษณ์
เฉพาะบุยยล เอกสารทั้งนขดของการว้จยัยร้ังน้ีจะถูกเก็บรักษาไวอ้ยา่งข้ดช้ดเป็นเวลา 5 ปีนบัจาก
การศึกษาส้้นสุดลง นลงัจากนั้นเอกสารบนัทึกขอ้ขูลทั้งนขดจะถูกท าลายดว้ยวธี้การตดัยอ่ยสลาย
ต่อไป 
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ท่านต้องเสียค่าใช้จ่ายหรือไม่? 

ท่านไข่ตอ้งเสียย่ายชจ่้ายยดๆ ทั้งส้้นยนการเขา้ร่วขงานวจ้ยั 

หากเกดิการบาดเจ็บจากการวิจัยท่านจะได้รับค่าชดเชยหรือไม่? 

ท่านจะไข่ไดรั้บย่าชดเชยนรือส้นไนขทดแทนยดๆ จากการบาดเจ็บเน่ืองขาจากโยรงการว้จยั 
แต่อย่างไรก็ตาขท่านขียวาขเส่ียงน้อยขากยนการท่ีจะไดรั้บการบาดเจ็บจากการเขา้ร่วขงานว้จยั และ
นากขีการบาดเจบ็ท่านจะไดรั้บการดูแลอยา่งเตข็ท่ีตาขขาตรฐานทางการแพทย ์

ท่านจะได้รับค่าตอบแทนจากการเข้าร่วมโครงการนีห้รือไม่? 

ท่านจะไดรั้บย่าเด้นทางยนการเขา้ร่วขงานวจ้ยัจ  านวน 200 บาท 

เกีย่วกบัสิทธิของท่าน 

ท่านขีส้ทธ้เต็ขท่ียนการสอบถาขขอ้ขูลต่างๆ ก่อนการตดัส้นยจเขา้ร่วขงานว้จยัยนยร้ังน้ี และ
ท่าน ขีอ้สระท่ีจะปฏ้เสธการเขา้ร่วขโยรงการว้จยัโดยบอกกบัผูย้น้ขอ้ขูลแก่ท่าน นรือสาขารถแจง้ขอ
ถอนตวัออก จากโยรงการวจ้ยัไดต้ลอดเวลาโดยไข่ขีผลกระทบยดๆ ต่อท่าน 

ท่านจะติดต่อเราได้อย่างไร 

ยนกรณีท่ีท่านขีย าถาขเก่ียวกบัโยรงการว้จยั และการบาดเจ็บอนัเน่ืองขาจากการว้จยัโปรด
ต้ดต่อนางสาวชโลขยจ เพญ็ศรี ท่ีภายว้ชากายภาพบ าบดั ยณะเทยน้ยการแพทย ์ขนาวท้ยาลยัเชียงยนข่ 
นขายเลขโทรศพัท ์083-1674046 นรือ ผศ. ดร. สุรีพร อุทยัยุปต ์ท่ีภายว้ชากายภาพบ าบดั ยณะเทยน้ย
การแพทย ์ขนาวท้ยาลยัเชียงยนข่ นขายเลขโทรศพัท ์0-5394-9249 นรือ 084-6112727 

ยนกรณี ท่ีท่ าน ขีย าถาขเก่ียวกับ ส้ท ธ้ยนฐานะอาสาสขัยรโปรดต้ดต่อประธาน
ยณะกรรขการจร้ยธรรขการว้จัย ยณะเทยน้ยการแพทย์ ขนาว้ทยาลัยเชียงยนข่  ผู ้ช่วย
ศาสตราจารยเ์นตร สุวรรณยฤนาสน์ ท่ีเบอร์โทรศพัท ์0-5312-4099 
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Appendix D 

Questionnaires 

D1 A general questionnaire 

แบบสอบถามข้อมูลทัว่ไป 

วนัท่ี………………………… 
รนสัอาสาสขยัร…………………. 

ค าช้ีแจง-กรุณาตอบค าถามต่อไปนี ้

1. เพศ……………… 
2. วนั/เดือน/ปี เก้ด.................................................อาย…ุ……………..ปี 
3. น ้านนกั…………………….ก้โลกรัข ส่วนสูง……………........เซนต้เขตร 
4. โรยประจ าตวั……………………………………….. 
5. อาชีพ……………………………………… 
6. ก้จกรรขท่ีตอ้งยชแ้ขนเป็นประจ า โปรดระบุ……………………………………… 

ข้อมูลของลกัษณะอาการปวดคอ 

1. ท่านขีอาการปวดยอนรือไข่ 
 ขี    ไข่ขี 

2. ท่านขีอาการปวดยอขา้งขวาขา้งเดียว 
 ยช่    ไข่ยช่ 

3. ระยะเวลาของอาการปวด 
 นอ้ยกวา่ 3 เดือน  ขากกวา่นรือเท่ากบั 3 เดือนข้ึนไป  

4. ท่านขีอาการชาร้าวลงแขนนรือไข่ 
 ขี    ไข่ขี 
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5. ท่านเยยไดรั้บอุบต้ัเนตุนรือผา่ตดัท่ีบร้เวณยอนรือไข่ 
 เยย    ไข่เยย 

6. ท่านเยยไดรั้บการออกก าลงักายบร้เวณกระดูกสะบกัภายยน 12 เดือน ท่ีผา่นขานรือไข่ 
 เยย    ไข่เยย 

7. ท่านขียวาขผด้ปกต้ทางระบบประสาทและกลา้ขเน้ือ นรือผด้ปกต้ของระบบร่างกาย เช่น 
อขัพาต ปวดกลา้ขเน้ือ  

 ขี    ไข่ขี 
8. ท่านขียวาขผด้ปกต้ของกระดูกสันนลงัส่วนยอ ส่วนอก และส่วนนลงั อยา่งเด่นชดั เช่น 

กระดูกสันนลงัยด 
 ขี    ไข่ขี 
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D2 Visual Analog Scale questionnaire (VAS) 

แบบสอบถามวดัระดับความรุนแรงของอาการปวดคอ 

รนสัอาสาสขยัร…………………. 

โดยเฉล่ียแลว้ขีระดบัยวาขรุนแรงของอาการปวดยออยูย่นระดบัยด (โปรดท าเยร่ืองนขายบนเส้น
ดา้นล่างน้ี) 
 

 
 
 
 
 
  

ไม่มีอาการปวด ปวดจนไม่สามารถทนได้ 
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D3 Neck Disability Index-Thai version (NDI-TH) 

ดัชนีวดัความบกพร่องความสามารถของคอ (Neck Disability Index) 

รนสัอาสาสขยัร…………………. 

แบบสอบถาขน้ียช้ยนการประเข้นผลกระทบของอาการปวดคอท่ีขีต่อยวาขสาขารถยนการจดัการ
ชีว้ตประจ าวนัของท่าน โปรดเลือกขอ้ท่ีตรงกบัอาการและยวาขสาขารถของท่านมากที่สุดเพียงขอ้
เดียว และกรุณายนข้อ้ขูลยนทุกขอ้ 

ข้อที ่1 ความรุนแรงของอาการปวด 
  ยนขณะน้ีไข่ขีอาการปวด 
  ยนขณะน้ีขีอาการปวดเพียงเล็กนอ้ย 
  ยนขณะน้ีขีอาการปวดปานกลาง 
  ยนขณะน้ีขีอาการปวดย่อนขา้งขาก 
  ยนขณะน้ีขีอาการปวดขาก 
  ยนขณะน้ีขีอาการปวดขากท่ีสุดเท่าท่ีจะจ้นตนาการได ้

ข้อที ่2 การดูแลตนเอง (เช่น อาบน า้/ช าระล้างร่างกาย แต่งตัว เป็นต้น) 

  สาขารถท าเองไดต้าขปกต้ โดยไข่ท ายนอ้าการปวดเพ้่ขข้ึน 
  สาขารถท าเองไดต้าขปกต้ แต่ขีอาการปวดเพ้่ขข้ึน 
  การท าเองท ายนขี้อาการปวด จึงท ายนต้อ้งท าอยา่งชา้ ๆ และระขดัระวงั 
  ท  าเองไดเ้ป็นส่วนยนญ่ แต่จะตอ้งการยวาขช่วยเนลืออยูบ่า้ง 
  ตอ้งการการช่วยเนลือยนการดูแลตนเองเกือบทั้งนขด ทุกวนั 
  ไข่สาขารถแต่งตวัไดเ้องอาบน ้า/ช าระลา้งร่างกายเองไดด้ว้ยยวาขยากล าบาก  

และตอ้งอยูบ่นเตียง 
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ข้อที ่3 การยกของ 

  สาขารถยกของนนกัได ้โดยไข่ขีอาการปวดเพ้่ขข้ึน 
  สาขารถยกของนนกัได ้แต่ขีอาการปวดเพ้่ขข้ึน 

 อาการปวดท ายนไ้ข่สาขารถยกของนนกัข้ึนจากพื้นไดแ้ต่สาขารถยกไดน้ากของ 
นั้นอยูย่นท่ีท่ีเนขาะสขเช่น บนโตะ๊ 

  อาการปวดท ายนไ้ข่สาขารถยกของนนกัข้ึนจากพื้นได ้แต่สาขารถยกไดน้ากของ 
นั้นขีน ้านนกัเบาถึงปานกลางและจดัวางอยูย่นท่ีท่ีเนขาะสข 

  สาขารถยกของท่ีขีน ้านนกัเบาขากๆ ได ้
  ไข่สาขารถยก/ถือ/น้้ว/แบก/อุข้นรือสะพายส่้งของยด ๆ ไดเ้ลย 

หัวข้อที ่4 การอ่าน 
  สาขารถอ่านไดข้ากตาขท่ีตอ้งการ โดยไข่ขีอาการปวดยอ 
  สาขารถอ่านไดข้ากตาขท่ีตอ้งการ โดยขีอาการปวดยอเพียงเล็กนอ้ย 
  สาขารถอ่านไดข้ากตาขท่ีตอ้งการ โดยขีอาการปวดยอปานกลาง 
  ไข่สาขารถอ่านไดข้ากตาขท่ีตอ้งการ เพราะขีอาการปวดยอปานกลาง 
  แทบจะไข่สาขารถอ่านไดเ้ลยเพราะขีอาการปวดยอขาก 
  ไข่สาขารถอ่านไดเ้ลย 

ข้อที ่5 อาการปวดศีรษะ 

  ไข่ขีอาการปวดศีรษะเลย 
  ขีอาการปวดศีรษะเพียงเล็กนอ้ย และนาน ๆ ยร้ัง 
  ขีอาการปวดศีรษะปานกลาง และนาน ๆ ยร้ัง 
  ขีอาการปวดศีรษะปานกลาง และบ่อยยร้ัง 
  ขีอาการปวดศีรษะขาก และบ่อยยร้ัง 
  ขีอาการปวดศีรษะเกือบตลอดเวลา 
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ข้อที ่6 การตั้งสมาธิ 
  สาขารถตั้งสขาธ้ไดอ้ยา่งท่ีตอ้งการ โดยไข่ขียวาขยากล าบาก 
  สาขารถตั้งสขาธ้ไดอ้ยา่งท่ีตอ้งการ โดยขียวาขยากล าบากเพียงเล็กนอ้ย 
  ขียวาขยากล าบากปานกลางยนการตั้งสขาธ้เข่ือตอ้งการ 

 ขียวาขยากล าบากอยา่งขากยนการตั้งสขาธ้เข่ือตอ้งการ 
  ขียวาขยากล าบากขากท่ีสุดยนการตั้งสขาธ้เข่ือตอ้งการ 
  ไข่สาขารถตั้งสขาธ้ไดเ้ลย 

ข้อที ่7 การท างาน 
  สาขารถท างานไดข้ากตาขท่ีตอ้งการ 
  สาขารถท างานประจ าไดเ้ท่านั้น ไข่ขากไปกวา่นั้น  
  สาขารถท างานประจ าไดเ้กือบทั้งนขด แต่ไข่ขากไปกวา่นั้น  
  ไข่สาขารถท างานประจ าไดเ้ลย 
  แทบจะท างานอะไรไข่ไดเ้ลย 
  ไข่สาขารถท างานอะไรไดเ้ลย 

ข้อที ่8 การขับขี่รถ 

 สาขารถท าไดโ้ดยไข่ขีอาการปวดยอ 
 สาขารถท าไดน้านตาขท่ีตอ้งการ โดยขีอาการปวดยอเพียงเล็กนอ้ย 
 สาขารถท าไดน้านตาขท่ีตอ้งการ โดยขีอาการปวดยอปานกลาง 
 ไข่สาขารถท าไดน้านตาขท่ีตอ้งการ เพราะขีอาการปวดยอปานกลาง 
 แทบจะท าไข่ไดเ้ลย เพราะขีอาการปวดยอขาก 
 ไข่สาขารถท าไดเ้ลย 
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ข้อที ่9 การนอนหลบั 

 ไข่ขียวาขยากล าบากยนการนอนนลบั 
 การนอนนลบัถูกรบกวนเพียงเล็กนอ้ย(นอนไข่นลบันอ้ยกวา่ 1 ชัว่โขง) 
 การนอนนลบัถูกรบกวนเล็กนอ้ย (นอนไข่นลบั 1-2 ชัว่โขง) 
 การนอนนลบัถูกรบกวนปานกลาง (นอนไข่นลบั 2-3 ชัว่โขง) 
 การนอนนลบัถูกรบกวนเป็นอยา่งขาก (นอนไข่นลบั 3-5 ชัว่โขง) 
 การนอนนลบัถูกรบกวนอยา่งส้้นเช้ง(นอนไข่นลบั 5-7 ชัว่โขง) 

ข้อที ่10 กจิกรรมนันทนาการ/การพกัผ่อนหย่อนใจ 

 สาขารถท าก้จกรรขทุกอยา่งได ้โดยไข่ขีอาการปวดยอเลย 
 สาขารถท าก้จกรรขทุกอยา่งได ้แต่ขีอาการปวดยออยูบ่า้ง 
 สาขารถท าก้จกรรขไดเ้ป็นส่วนยนญ่ แต่ไข่ทั้งนขด เพราะขีอาการปวดยอ 
 สาขารถท าก้จกรรขไดเ้พียงบางอยา่ง เพราะขีอาการปวดยอ 
 แทบจะท าก้จกรรขต่าง ๆ ไข่ไดเ้ลย เพราะขีอาการปวดยอ 
 ไข่สาขารถท าก้จกรรขยด ๆ ไดเ้ลย 
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Appendix E 

Intra-inter rater reliability 

        An intra-inter rater reliability study was conducted in 15 healthy participants (10 

female, 5 male) aged between 21 and 43 years old.  An intra-rater reliability was 

measured by the principal investigator on day one and 24 hours later to minimize any 

memory of the measurements.  An inter-rater reliability was performed by two 

investigators (the principal investigator and a physiotherapy research assistant) within 

the same day.  The order of the investigators was determined randomly.  The images of 

the lower trapezius muscle were measured at rest (0 shoulder abduction) two times on 

the right side.  The procedure and measurements were the same as in the main study.  

The results of the reliability study were presented in Table E1-E2. 

Table E1 Intra-rater reliability of the lower trapezius muscle thickness 

Investigator       Thickness (mm) 

(mean ± sd) 

ICC3,1 (95% CI) SEM (mm) 

Day 1 Day 2 

Investigator 1 3.32 ± 0.81 3.44 ± 0.93 0.86 (0.62-0.95) 0.18 

Investigator 2 3.27 ± 0.95 3.23 ± 0.94 0.89 (0.71-0.96) 0.15 

 

 
  



 

56 

 

Table E2 Inter-rater reliability of the lower trapezius muscle thickness 

Day Thickness (mm) 

(mean ± sd) 

ICC2,1 (95% CI) SEM (mm) 

Investigator 1 Investigator 2 

1 3.32 ± 0.81 

 

3.27 ± 0.95 0.90 (0.74-0.97) 0.13 

2 3.44 ± 0.93 

 

3.23 ± 0.94 0.91 (0.70-0.97) 0.11 
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