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Objective: Musculoskeletal neck pain have many symptoms which include decreased range of motion (ROM) and muscle 
strength, and increased pain. However, the management methods are controversial. The purpose of this study was to examine the 
effects of three interventions on ROM, strength, and pressure pain threshold (PPT) with musculoskeletal neck pain.
Design: Pretest-posttest design.
Methods:  Thirty subjects participated in this experiment. They were randomly assigned to thefollowing groups: passive stretch-
ing (PS) group (n=10), massage (MASS) group (n=10), and muscle energy technique (MET) group (n=10). The treatment were ap-
plied bilaterally on the upper trapezius. The PS was applied 3 times for 30 seconds each time. The MASS was applied using two 
different techniques for 2 minutes per technique. For MET, the subjects performed 2 sets of 3 repetitions of isometric resistance ex-
ercise that was maintained for 10 seconds, followed by 10 seconds of rest. ROM, strength, and PPT parameters were measured af-
ter intervention.
Results: In the MASS group, there was a significant improvement in all outcomes except for muscle strength (p<0.05). In the 
MET group, ROM and strength significantly improved compared to the pre-treatment results (p<0.05). As result of measuring the 
amount of change in each group, there was a significant difference in ROM (flexion) in the PS group compared with the MASS and 
MET group, a significant difference in strength in the MET group compared with the PS and MASS groups, and a significant dif-
ference in PPT in the MASS groups compared with the PS and MET groups (p<0.05).
Conclusions: This study showed that PS, MASS, and MET are effective methods for improving ROM, strength, and PPT for 
musculoskeletal neck pain. Therefore, various therapeutic interventions for improving ROM, strength, and pain are suggested.
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Introduction

Modern musculoskeletal pain is often generated by the in-

creased use of computers and sustained seated posture [1]. 

Studies have shown that neck pain in 67% of the total pop-

ulation has been experienced due to overuse of muscles in 

the scapular and neck region amongst those with muscu-

loskeletal disorders in modern society [2]. Most cases of 

neck pain are not due to an anatomical disorder, but instead 

are associated with a functional abnormality. Neck pain can 

cause muscle pain, fatigue, and migraines. It can also trigger 

radiating pain, muscular weakness, and atrophy, as radicul-

opathy associated with restricted range of motion (ROM) 

may develop due to of neck stiffness and pain [3]. People 

with chronic neck pain experience difficulties with perform-

ing their activities of daily living [4]. Thus, early effective 
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Table 1. General characteristics of the participants (N=30)

Characteristic Male (n=13) Female (n=17) Total 

Age (yr) 22.4 (1.21) 20.8 (2.34) 21.5 (1.52)
Height (cm) 173.7 (6.42) 161.8 (5.51) 167.4 (8.71)
Weight (kg) 69.4 (9.11) 55.6 (5.72) 61.6 (10.04)

Values are presented as mean (SD).

Figure 1. Application of assessments. (A) Passive stretching. (B) 
Muscle energy technique. (C) Stripping method of massage. (D) 
Picking-up-with-palpation method of massage.

management of acute neck pain is necessary prior to the gen-

eration of chronic neck pain. 

Recently, various managements have been applied to 

musculoskeletal pain, including the use of oral medications 

and more invasive treatment, such as drug injections. 

However, oral medications and drug injections have other 

effects, which may include muscle relaxation or the in-

duction of non-protective movement due to hyper-inhibition 

of pain transmission. These treatments may also have other 

side effects, including digestive problems [5]. The applica-

tion of non-invasive treatment for musculoskeletal pain in-

cludes the use of stretching, massage, and muscle energy 

technique (MET). The first technique includes stretching 

which has an effect on restoring the original muscle length 

along with recovering ROM. It also increases the muscle tor-

que and exhibits an analgesic effect by increasing the pain 

threshold [6]. The second technique is massage, which is ap-

plied to soft tissues and can contribute to alteration of blood 

flow, blood pressure, and skin temperature using the hands, 

a vibrator, and a roller [7,8]. The third technique is MET fol-

lowed by relaxation and passive stretching (PS). The effects 

of MET includes increase strength and lengthening, as well 

as improved circulation [9]. The effects of these manage-

ment techniques on muscular pain or movement disorders in 

general are well known; however, the effects of their appli-

cation on musculoskeletal neck diseases are not well known. 

It is important to investigate these techniques in modern so-

ciety due to the increases in neck/shoulder tenderness and 

pain caused by continuous static working positions other 

than general muscle pain induced by exercise or injury [10]. 

Thus, the purpose of this study was to compare the effects 

of stretching, massage, and MET on the ROM, strength, and 

pain of the neck. We also propose a variety of therapeutic in-

terventions to improve ROM, muscle strength, and pain as-

sociated with neck disorders.

Methods
Subjects

Thirty participants (13 male, 17 female) with the follow-

ing demographics participated in the study (Table 1). The 

participants of Baekseok University located in Cheonan, 

Korea, provided written informed consent for the ex-

perimental procedure. All participants provided their in-

formed consent. This study included participants who had 

forward neck postures with located in anterior position of 

cervical spine. None of the participants had any known his-

tory of neurological disorders or congenital anomalies. 

Experimental procedures

The subjects comfortably sat in a resting position and 

maintained the position of their scapulae against the back of 

the chair for passive stretching, massage, and MET (Figure 

1). The experimenter performed the stretches by creating a 

motion involving lateral flexion and rotation of the neck on 

both sides without generation of pain. The stretching motion 

was applied 3 times for 30 seconds each time [11]. The pick-
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ing-up-with-palpation methods of massage were applied to 

the upper trapezius muscles bilaterally, with equal time 

spent on both sides. The striping method involves applying 

pressure while moving along from the origin to the insertion 

of the muscle with parallel strokes, depending on the direc-

tion of the muscle fibers. The picking-up-with-palpation 

method involves the use of the sides of the thumb, index fin-

ger and middle finger to hold the muscle tissue. The fingers 

were applied to provide a firm surface of soft tissue for the 

muscle relaxation to press and promote. The application 

time of the massage was 2 minutes per technique [12]. The 

subjects were instructed to bend and twist their heads com-

fortably in a seated position, as well as to perform PS 

exercises. Then, the examiner placed on the shoulders of the 

subjects with the opposite hand on the head to resist iso-

metric contraction for MET. One set of a voluntary, gentle 

isometric resistance exercise was maintained for 10 sec-

onds, followed by 10 seconds of rest. This was repeated 3 

times. Each subject performed 2 sets and had a rest period of 

10 seconds between the sets [9]. 

Outcome measurement

The protocol consisted of measuring the ROM, strength, 

and pressure pain threshold (PPT) of the trapezius muscle 

before and after PS, MASS, and MET while assuming a re-

laxed seated position and maintaining 90° flexion of the hip 

and knee joints in the back of a chair.

The joint ROM of the neck was measured using a ROM 

analyzer (CROM Deluxe; Performance Attainment Asso-

ciates, Lindstrom, MN, USA) before and after treatment. 

The measurements were conducted while the subjects per-

formed bending and rotation movements on the left and right 

sides of the neck. Subjects were asked to look forward in a 

comfortable sitting position for the performance of the 

measurements. The initial position of each movement was 

set an angle of 0 degrees. Test-retest reliability of the CROM 

was reported to have an intra-class correlation (ICC) co-

efficient ranging between 0.89 and 0.98 [13]. The Muscle 

tester (JTECH Inc., Midvale, UT, USA) was used to meas-

ure muscle strength of the predominant upper trapezius mus-

cle in a comfortable chair. When the examiner applied resist-

ance, they instructed the subjects to elevate their scapulae. 

The resistance was applied 3 times per subject, each of 

whom rested for 10 seconds after holding the elevated posi-

tion for 5 seconds. This tool has intra-rater (ICC=0.992) and 

inter-rater reliabilities (ICC=0.949) [14]. The pressure pain 

threshold was measured using an algometer (JTECH Inc.) in 

a comfortable sitting position. The algometer was applied to 

the trigger point area, which was located at the midpoint be-

tween the spinous process of C7 and the acromion, with the 

device applied in perpendicular orientation to the surface of 

the skin. Compression of the area was performed slowly to 

elicit a reaction when pain was felt. The subjects were asked 

to say “pain” when they experienced an increase in pain in-

tensity and the examiner stopped the compression. The aver-

age value of 3 repetitive measurements with an interval of 30 

to 60 seconds (expressed as kg/cm2) was collected for data 

analysis of the PPT. The method showed an inter-rater reli-

ability ranging from 0.68 to 0.79 and an intra-rater reliability 

ranging from 0.71 to 0.92 when applied to the upper tra-

pezius [15].

Statistical analysis

All data were analyzed with IBM SPSS Statistics ver. 18.0 

(IBM Co., Armonk, NY, USA). For information pertaining 

to the general characteristics of the subjects, descriptive sta-

tistics were expressed as averages and standard deviations. 

For the analysis of the before-and-after results of each inter-

vention, a paired t-test was performed to determine their ef-

fects on ROM, strength, and PPT. A one-way repeated 

ANOVA was used to determine the differences in ROM, 

muscle strength, and pain within the group. The Bonferroni 

method was used for the post-hoc analysis and the sig-

nificance level was set at α=0.05.

Results 
Before and after application in each group

The comparison of ROM, muscle strength, and PPT in the 

PS, MASS, and MET groups before and after the treatment 

in each group is described in Table 2. The PS group was not 

significantly different in muscle strength, however, the 

ROM in this group increased from 32.50±10.68 to 44.00± 

12.65 (lateral bending) and from 43.00±8.88 to 52.20±10.78 

(rotation) (p<0.05). In the MASS group, there was a sig-

nificant difference in all outcomes after treatment, except for 

muscle strength. Lateral bending increased from 32.00±9.19 

to 38.20±7.32 and the pain threshold showed the greatest in-

crease from 18.60±15.53 to 23.10±16.15 (p<0.05). Further-

more, in the MET group, there was a significant difference in 

ROM from 30.20±4.13 to 37.60±4.35 and the muscle 

strength and strength of the muscles increased from 34.70± 

14.73 to 38.00±14.34 (p<0.05), but not in PPT (p<0.05). 
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Table 2. Comparison between pre- and post-assessment in PS, MASS, and MET                                                                 (N=30)

Group Pre-test Post-test t (p)

PS (n=10)
Lateral flexion ROM (°) 32.50 (10.68) 44.00 (12.65)a −6.87 (<0.001)
Rotation ROM (°) 43.00 (8.88) 52.20 (10.78)a −6.55 (<0.001)
Strength (kg) 28.70 (14.14) 30.20 (12.66) −2.04 (0.07)
Pressure pain threshold (kg) 16.20 (0.59) 17.90 (10.30)a −2.38 (0.04)

MASS (n=10)
Lateral flexion ROM (°) 32.00 (9.19) 38.20 (7.32)b −5.38 (<0.001)
Rotation ROM (°) 51.50 (10.01) 59.00 (11.97)b −4.03 (<0.001)
Strength (kg) 30.80 (11.75) 30.30 (12.09) 1.25 (0.24)
Pressure pain threshold (kg) 18.60 (15.53) 23.10 (16.15)b −8.29 (<0.001)

MET (n=10)
Lateral flexion ROM (°) 30.20 (4.13) 37.60 (4.35)c −5.84 (<0.001)
Rotation ROM (°) 39.00 (14.10) 52.00 (15.13)c −3.34 (0.01)
Strength (kg) 34.70 (14.73) 38.00 (14.34)c −6.99 (<0.001)
Pressure pain threshold (kg) 19.70 (9.43) 21.00 (9.56) −1.71 (0.12)

Values are presented as mean (SD).
PS: passive stretching, MASS: massage, MET: muscle energy technique, ROM: range of motion. 
aA significant difference from the pre-test value in PS group (p<0.05). bA significant difference from the pre-test value in massage group 
(p<0.05). cA significant difference from the pre-test value in MET group (p<0.05). 

Table 3. Comparison of variation in before and after measurement in PS, MASS, and MET groups  (N=30)

Variable PS (n=10) MASS (n=10) MET (n=10) F (p)

Lateral flexion ROM (°) 11.50 (5.30)a 6.20 (3.65) 7.40 (4.01) 4.04 (0.03)
Rotation ROM (°) 9.20 (4.44) 7.50 (5.89) 13.00 (12.29) 1.16 (0.33)
Strength (kg) 1.50 (2.32) −0.50 (1.27) 4.50 (1.84)a 18.29 (<0.001)
Pressure pain threshold (kg) 1.70 (2.26) 4.90 (1.79)a 1.30 (2.41) 8.27 (<0.001)

Values are presented as mean (SD).
PS: passive stretching, MASS: massage, MET: muscle energy technique, ROM: range of motion.
aA significant difference from change value of before and after test in PS, massage, and MET group in lateral flexion ROM, strength, and 
pressure pain threshold (p<0.05). 

Comparison of pre and post application between groups

The comparison of the change in values before and after 

the application of treatment between each group was sig-

nificantly different in lateral flexion ROM, strength, and 

pressure pain thresholds of the PS, MET, and MASS groups 

(Table 3) There was a significant difference among all three 

groups except in the values associated with ROM (rotation) 

(p<0.05).

Discussion

In this study, we investigated the effects of three inter-

ventions (PS, MET, and MASS) that can increase ROM of 

the neck, increase muscle strength of the trapezius, and im-

prove pain management. There was a significant increase in 

ROM and decrease in pain with the application of PS, and a 

significant increase in ROM and muscle strength when MET 

was applied. Also, when massage was applied, there was a 

significant difference in ROM and PPT, but not in muscle 

strength. 

PS reduced the stiffness of the muscle-tendon unit as 

adaptations of the proprioceptive system occurred [16]. The 

use of static stretching at the end of painful muscles has been 

reported to increase ROM and reduce pain by inducing pain 

tolerance [17]. The increase in ROM is closely related to the 

increase in the pain threshold. In the present study, it is con-

sidered that the rotational ROM and left and right side bend-

ing ROM increased due to the decrease in pain. PS has been 

mentioned in many previous studies as having an effect on 
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muscle strength reduction. The force reduction occurs as a 

result of a change in the length-tension relationship, reduc-

tion in neural drive, and perception of joint position [18,19]. 

In our current experiment, this did not have a significant ef-

fect on the improvement of muscle strength during manual 

stretching. 

Massage lead to the secretion of hormones, causing stim-

ulation of mechanoreceptors, and eliminated the accumu-

lation of lactate and inflammatory cytokines as a result of in-

creased lymph and blood circulation, leading to pain relief 

[20]. The activity of intrafusal and extrafusal fibers acti-

vated in the shortened position of painful muscles and mas-

sage reduced the muscle spindle activity and muscle tension 

associated with pain [21]. The cytokines of tumor necrosis 

factor-α and interleukin-6 generate an inflammatory state 

and stimulate the nociceptive fibers, thus innervating them 

[22]. The cytokines are inhibited by massage in delayed on-

set muscle soreness of the quadriceps, which has been dem-

onstrated on biopsy [23]. These results suggest that in-

creased ROM and reduced pain are showed by decreased in-

flammation in our experiment. 

MET is applied to target muscles as they are lengthening 

and strengthening, leading to decreased local edema and in-

creased lymphatic fluid movement. MET has been shown to 

improve in strength and pain in chronic lateral epicondylitis 

[24]. MET inhibits the motor activation of Golgi tendon or-

gans and isometric contraction causes lengthening of vis-

coelastic and plastic changes in myofascial connective 

tissue. Active exercise affects total muscles and relates to 

more specific movement with surrounding connective tissue 

[25]. Additionally, MET increases regional cervical ROM 

during the motions of rotation and lateral bending, as well as 

lumbar extension when applied to the thoracic and sacroiliac 

regions [26]. Active exercise affects total muscles and re-

lates to more specific movement with surrounding con-

nective tissue [25]. In our study, cervical ROM and strength 

in the upper region of the shoulder improved more with 

MET than with PS and massage; this might be due to the in-

hibition of Golgi tendon organs and length changes in con-

nective tissue due to the application of active movement. 

One limitation of this study was that there were a limited 

number of subjects in the experiment group and other meas-

urements. In addition, it was difficult to demonstrate the ma-

jor effects of the three interventions because they were ap-

plied for a short period of time. Also, it is difficult to know 

how long the effects had been maintained after the inter-

vention because of no follow-up study. Future studies 

should test the generalizability by including those who work 

in the office or perform strenuous work. 

In this study, we measured ROM (lateral bending and ro-

tation), muscle strength, and pain before and after each 

intervention. Our results showed that PS was effective for 

increasing ROM, and massage was an appropriate treatment 

for pain relief. Also, MET was more effective for improving 

muscle strength. Furthermore, the results of this study will 

help to produce positive results for clinicians responsible for 

the selection of therapeutic interventions designed to pre-

vent and treat chronic neck pain in the clinic.
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