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Abstract. [Purpose] The purpose of this study was to analyze shoulder stabilization using resistant vibration 
stimulus during bodyblade exercise followed by forward head posture improvement. [Subjects and Methods] Cra-
niovertebral angle and cranial rotation angle were measured with 24 patients who were diagnosed with forward 
head posture. The experimental group conducted bodyblade exercise for 6 weeks and all patients received con-
ventional physical therapy. The craniovertebral angle and cranial rotation angle were measured using a diagnostic 
imaging device to measure the change in forward head posture. Sternocleidomastoid, upper trapezius and serratus 
anterior muscle activity were measured using surface electromyography, voluntary contraction was converting into 
a percentage and mean value was calculated. [Results] The experimental group showed a significant increase in the 
comparison of the results of both groups before and after the intervention. The comparing group showed no sig-
nificant difference. The experimental group showed the significant difference in mean value after the intervention 
in the comparison between the groups. [Conclusion] Resistant vibration stimulus by bodyblade controlled shoulder 
muscle activity causing scapular stabilization followed by neck position stability improvement. Rehabilitation pro-
gram that activates whole kinetic chain of proximal and distal muscles such as bodyblade will show more effective 
improvement when choosing rehabilitation program for neck and shoulder disease clinically.
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INTRODUCTION

Neck tends to be exposed to injury or stress biomechanically causing structural change because of its great mobility and 
low stability1). Long-term continuous neck forward flexion which is abnormal asymmetric posture induces excessive forward 
flexion of lower cervical spine causing increased flexion moment and forward head posture (FHP)2, 3).

Thoracic kyphosis accompanies RSP due to biomechanical connections between the neck and back and body structural 
characteristics4). For RSP, acromion protrudes forward causing scapular protraction, downward rotation and anterior tilt and 
scapula deviates from its normal position4, 5). Abnormal scapular position and movement produce imbalance in muscle activ-
ity and tone of surrounding muscles of neck and shoulder girdle6), causing muscle balance disorder such as upper crossed 
syndrome and neck pain and disorder7). Therefore, FHP and RSP are closely related8). In other words, scapula stability 
exercise (SSE) that controls scapular position and movement can place thoracic cage to neutral position and return abnormal 
neck alignment due to head forward flexion to right position through muscle interactions in neck and shoulder. Treatment 
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methods using SSE are currently being studied for neck stability, alignment and pain reduction4, 9, 10).
A bodyblade is an effective tool for static and dynamic muscle strengthening of shoulder and a dynamic response treat-

ment tool that produces force proportionately with the resistance of active vibration stimulus and is clinically used in many 
cases11). It produces 151N by 4.5 Hz proper vibration and resistant vibration stimulus that requires 270 muscle contractions 
a minute12).

The exercise using a bodyblade is an open kinetic exercise but resistant vibration stimulus produces resistance from distal 
to proximal body segment causing proprioceptive sense facilitation by co-contraction and eccentric contraction that can be 
obtained from closed kinetic exercise followed by dynamic stabilization of muscles13). A bodyblade can be applied with 
various kinetic chain exercise patterns but most previous studies only analyzed direct and partial effect such as shoulder 
stability14) and core muscle stabilization12). So far, there are few studies about the effect of actively induced resistant vibration 
stimulus.

Therefore, this study was to analyze the effect of SSE using a bodyblade on neck angle improvement in patients with FHP 
proving the effect of the resistant vibration stimulus on neck and shoulder disorder to provide effective and efficient treatment 
method and offer basic data for physical therapy.

SUBJECTS AND METHODS

This study was conducted with the patients who were diagnosed with forward head posture (FHP) and visiting or hospital-
ized in H hospital in Suncheon city, Jeollanam-do Province, South Korea from Nov 2015 to the end of Jan 2016. All patients 
were informed of purpose and method of the study prior to participation according to the ethical standard of the Declaration 
of Helsinki. The patients were randomly divided into the bodyblade exercise group (experimental group, n=12) and conven-
tional physical therapy group (comparing group, n=12).

FHP patients who have craniovertebral angle (CVA) of less than 52° and have cranial rotation angle, (CRA) of more 
than 143° were selected. Those who had congenital spinal deformity, spinal or shoulder surgery, nervous system problems, 
performed regular neck or shoulder exercise and could not perform natural head posture (NHP) during FHP measurement 
were excluded. Dominant arm of every patient was right side. Table 1 shows general characteristics of the patients.

Bodyblade (Classic, Mad Dogg Athletics, USA), an elastic pole exercise tool with 122 cm in length, 0.68 kg, 4.3 cm in 
width, was applied to the experimental group. When you grasp the rubber grip in the middle of the blade shaped pole and 
shake the pole, vibrations occurs with constant frequency and velocity at both ends of the pole. For training task, intensity, 
duration and frequency, two types of exercises that can improve FHP according to previous study were conducted12). For 
basic posture, the patients were standing in anatomic position with feet shoulder width and knee joint slightly flexed.

Exercise task (I); Grabbing the center of the pole with both hands with shoulder joint flexed to 180° in overhead position 
with the pole perpendicular to the floor and oscillation exercise in the sagittal plane. Exercise task (II); Grabbing the center 
of the pole with both hands with shoulder joint flexed to 90° with the pole parallel to the floor and oscillation exercise in 
the transverse plane. Also, the exercises were defined in a random order. The exercises were conducted 3 times a week for 
6 weeks, which were 18 sessions in total. Foursets of each session, 3-minute exercise and 5-minute break, were conducted.

As conventional physical therapy, both groups received 20-minute hot pack, 15-minute transcutaneous electrical nerve 
stimulation (TENS) and 5-minute ultrasound therapy in the pain area; back of the neck and shoulder.

For FHP change measurement, CVA and CRA were measured. The patient relaxed and placed arms on the sides of the 
body while comfortably standing in the NHP and reached to self-balance posture (SBP). PROTEUS XR/A (GE Healthcare 
Co, USA) was used as diagnostic imaging device from the lateral side of the patient. CVA and CRA were measured with the 
seventh cervical vertebra, tragus and lateral canthus connected in a straight line. They were measured twice to calculate mean 
value. Smaller CVA and greater CRA increase FHP level10, 15).

Delsys-Trigno Wireless EMG System (Trigno EMG Sensor, Delsys Inc., Boston, MA, USA) was used to measure surface 
electromyography (sEMG) which was used to analyze muscle activity change in neck and shoulder relating to FHP and RSP. 
For sEMG data, electrodes were attached halfway between mastoid and manubrium of sternum for sternocleidomastoid 
muscle (SCM), halfway between the seventh cervical vertebra and acromioclavicular joint for upper trapezius (UP), and to 
muscle at the back of the center line of axilla at the fifth or sixth rib height for serratus anterior (SA). The electrodes were 
attached to only dominant arm muscles (right-side).

Table 1.  General characteristics of the subjects

Experimental group (n=12) Control group (n=12)
Gender (male/female) 1/11 4/8
Age (years) 21.0 ± 4.2a 25.4 ± 10.1
Height (cm) 163.8 ± 5.6 165.1 ± 7.2
Weight (kg) 61.3 ± 10.3 58.7 ± 8.0
aMean  ± SD.
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Delsys EMG Works Acquisition was used to analyze the data. Sampling rate of EMG signals was set to 2,000 Hz and 
frequency bandwidth for noise rejection of EMG was set as 20–450 Hz. The collected EMG signals of each muscle were 
analyzed with root mean square (RMS).

For measuring posture for reference voluntary contraction (RVC), height adjustable bar was set in front of the patient. 
The patient maintained humerus and elbow joint straight in sitting position with forearms in neutral position and held 1 kg 
dumbbell in hands with back of hands side up. EMG signals were measured 3 times with shoulder joint flexed to 90° while 
wrist joint touching the bar for 15 seconds. EMG signals during 5 seconds in the middle of each trial were normalized as 
mean value to obtain RVC. All EMG data are expressed as percentages of the RVC (%RVC).

The Kolmogorov-Smirnov test was performed with the measured values to verify normalization. To compare the results of 
both groups before and after the experiment, a paired t-test was conducted. To compare the differences between both groups 
before and after the experiment, an independent t-test was conducted. The significance level was set at α=0.05 and SPSS ver. 
18.0 software was used for statistical processing.

RESULTS

Table 2 shows muscle activity changes by sEMG and FHP angle changes in the experimental group and comparing group. 
In the comparison of the results of both groups before and after the experiment, for the mean value changes of %RVC in the 
experimental group, there was a significant decrease in sternocleidomastoid muscle and upper trapezius muscle and there was 
a significant increase in serratus anterior muscle (p<0.05). For the mean value changes of FHP angles, there was a significant 
increase in CVA and there was a significant decrease in CRV. But there was no significant result in the comparing group.

In the comparison between the differences between both groups before and after the experiment, there was a significant 
difference in the mean values of the experimental group after the intervention (p<0.05).

DISCUSSION

The purpose of this study was to conduct 6-week bodyblade exercise, which uses resistant vibration stimulus to control 
neck and shoulder muscle activity and stabilize shoulder, with forward head posture (FHP) patients and measure changes in 
CVA and CRA to analyze FHP improvement.

Weon et al. reported that FHP excessively increases muscle activity of UP16). Thigpen et al. showed that, in comparison 
with ideal posture, FHP causes SA muscle activity decrease and trapezius overwork during upper extremity evaluation6). 
SCM, superficial neck muscle, muscle activity should be minimized for FHP improvement10). Muscle activity was measured 
using sEMG after bodyblade exercise and there was a significant decrease in SCM and UP and there was a significant 
increase in SA in this study. This result occurred because vibration stimulus less than 50 Hz produced during bodyblade 
exercise induced tonic vibration reflex on muscle and tendon activating proprioception feedback10, 17). Lister et al. showed 
that bodyblade training increases sense of position, movement and shoulder joint stability and decreases pain and physical 
symptoms from shoulder joint instability4).

Thigpen et al. showed that posture change due to FHP changes scapular movement and muscle activity when raising hand 
over head6, 10). For FHP evaluation method, Harman et al. used CVA and CRA as test inspector and analyzed FHP changes. 
This study also used CVA and CRA in standing position to measure FHP18). CVA significantly increased as 56.8 ± 2.5° and 
CRA significantly decreased as 142.9 ± 4.2° after bodyblade intervention. Generally, CVA scale shows that CVA less than 
50° accompanies pain and CRV more than 145° is considered as abnormal range19).

As a result of this study, resistant vibration stimulus by bodyblade controlled shoulder muscle activity and stabilized 
scapula followed by neck stability. This result occurred because of α-motor neuron mobilization increase during vibration 

Table 2.  Comparison of changes in muscle activity and FHP angle between the groups

Variable
Experimental group Control group

Pre-test Post-test Pre-test Post-test
sEMG (%RVC)

SCM 46.5 ± 5.8a 36.83 ± 6.1*† 49.3 ± 4.6 46.7 ± 4.6
UT 5.2 ± 0.9 3.6 ± 0.5*† 4.8 ± 0.8 4.5 ± 0.7
SA 10.5 ± 1.3 16.5 ± 2.0*† 11.0 ± 0.8 11.1 ± 0.8

FHP (°)
CVA 48.2 ± 3.0 56.8 ± 2.5*† 49.5 ± 1.4 50.7 ± 2.9
CRV 150.7 ± 5.3 142.9 ± 4.2*† 147.7 ± 4.6 147.2 ± 5.2

aMean  ± SD. sEMG: surface electromyography; FHP: forward head posture; SAM: sternocleidomastoid; UT: upper 
trapezius; SA: serratus anterior; CVA: craniovertebral angle; CRA: cranial rotation angle
*Significant differences between pre- and post-tests (p<0.05)
†Significant differences between the SFE and the ASI groups (p<0.05)
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stimulus, neuromuscle control, global muscle strengthening and proprioception feedback20). Rehabilitation program such as 
bodyblade exercise which activates whole kinetic chain of proximal and distal muscles will show more effective improve-
ment and should be considered when clinically choosing neck and shoulder disease rehabilitation program in the future.

REFERENCES

1) Chiu TT, Ku WY, Lee MH, et al.: A study on the prevalence of and risk factors for neck pain among university academic staff in Hong Kong. J Occup Rehabil, 
2002, 12: 77–91. [Medline]  [CrossRef]

2) Harms-Ringdahl K, Ekholm J: Intensity and character of pain and muscular activity levels elicited by maintained extreme flexion position of the lower-
cervical-upper-thoracic spine. Scand J Rehabil Med, 1986, 18: 117–126. [Medline]

3) Yoo WG: Comparison of shoulder muscles activation for shoulder abduction between forward shoulder posture and asymptomatic persons. J Phys Ther Sci, 
2013, 25: 815–816. [Medline]  [CrossRef]

4) Lister JL, Del Rossi G, Ma F, et al.: Scapular stabilizer activity during Bodyblade, cuff weights, and Thera-Band use. J Sport Rehabil, 2007, 16: 50–67. [Med-
line]  [CrossRef]

5) Kwon JW, Son SM, Lee NK: Changes in upper-extremity muscle activities due to head position in subjects with a forward head posture and rounded shoulders. 
J Phys Ther Sci, 2015, 27: 1739–1742. [Medline]  [CrossRef]

6) Thigpen CA, Padua DA, Michener LA, et al.: Head and shoulder posture affect scapular mechanics and muscle activity in overhead tasks. J Electromyogr 
Kinesiol, 2010, 20: 701–709. [Medline]  [CrossRef]

7) Gu SY, Hwangbo G, Lee JH: Relationship between position sense and reposition errors according to the degree of upper crossed syndrome. J Phys Ther Sci, 
2016, 28: 438–441. [Medline]  [CrossRef]

8) Quek J, Pua YH, Clark RA, et al.: Effects of thoracic kyphosis and forward head posture on cervical range of motion in older adults. Man Ther, 2013, 18: 65–71. 
[Medline]  [CrossRef]

9) Kirkesola G: Advanced musculoskeletal course. The s-e-t concept using the terapimaster system. In: Anonymous. Norway, 2001.
10) Kim EK, Kim SG: The effect of an active vibration stimulus according to different shoulder joint angles on functional reach and stability of the shoulder joint. 

J Phys Ther Sci, 2016, 28: 747–751. [Medline]  [CrossRef]
11) Lake DA: The effects of a Bodyblade training protocol on shoulder strength and throwing velocity. J Orthop Sports Phys Ther, 2002, 32: 51–52.
12) Sugimoto D, Blanpied P: Flexible foil exercise and shoulder internal and external rotation strength. J Athl Train, 2006, 41: 280–285. [Medline]
13) Tucker WS, Armstrong CW, Gribble PA, et al.: Scapular muscle activity in overhead athletes with symptoms of secondary shoulder impingement during closed 

chain exercises. Arch Phys Med Rehabil, 2010, 91: 550–556. [Medline]  [CrossRef]
14) Oliver GD, Sola M, Dougherty C, et al.: Quantitative examination of upper and lower extremity muscle activation during common shoulder rehabilitation 

exercises using the Bodyblade. J Strength Cond Res, 2013, 27: 2509–2517. [Medline]  [CrossRef]
15) Raine S, Twomey LT: Head and shoulder posture variations in 160 asymptomatic women and men. Arch Phys Med Rehabil, 1997, 78: 1215–1223. [Medline]  

[CrossRef]
16) Weon JH, Oh JS, Cynn HS, et al.: Influence of forward head posture on scapular upward rotators during isometric shoulder flexion. J Bodyw Mov Ther, 2010, 

14: 367–374. [Medline]  [CrossRef]
17) Seidel H: Myoelectric reactions to ultra-low frequency and low-frequency whole body vibration. Eur J Appl Physiol Occup Physiol, 1988, 57: 558–562. [Med-

line]  [CrossRef]
18) Harman K, Hubley-Kozey CL, Butler H: Effectiveness of an exercise program to improve forward head posture in normal adults: a randomized, controlled 

10-week trial. J Manual Manip Ther, 2005, 13: 163–176.  [CrossRef]
19) Chansirinukor W, Wilson D, Grimmer K, et al.: Effects of backpacks on students: measurement of cervical and shoulder posture. Aust J Physiother, 2001, 47: 

110–116. [Medline]  [CrossRef]
20) Basmajian JV: In: Muscles Alive, Their Functional Revealed by Electromyography, 5th ed. Baltimore: Williams & Wilkins, 1985, pp 19–64.

http://www.ncbi.nlm.nih.gov/pubmed/12014228?dopt=Abstract
http://dx.doi.org/10.1023/A:1015008513575
http://www.ncbi.nlm.nih.gov/pubmed/3787207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24259860?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.815
http://www.ncbi.nlm.nih.gov/pubmed/17699887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17699887?dopt=Abstract
http://dx.doi.org/10.1123/jsr.16.1.50
http://www.ncbi.nlm.nih.gov/pubmed/26180310?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1739
http://www.ncbi.nlm.nih.gov/pubmed/20097090?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/27065528?dopt=Abstract
http://dx.doi.org/10.1589/jpts.28.438
http://www.ncbi.nlm.nih.gov/pubmed/22959228?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2012.07.005
http://www.ncbi.nlm.nih.gov/pubmed/27134352?dopt=Abstract
http://dx.doi.org/10.1589/jpts.28.747
http://www.ncbi.nlm.nih.gov/pubmed/17043696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20382286?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2009.12.021
http://www.ncbi.nlm.nih.gov/pubmed/23238096?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31827fd4c2
http://www.ncbi.nlm.nih.gov/pubmed/9365352?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(97)90335-X
http://www.ncbi.nlm.nih.gov/pubmed/20850044?dopt=Abstract
http://dx.doi.org/10.1016/j.jbmt.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/3396572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3396572?dopt=Abstract
http://dx.doi.org/10.1007/BF00418462
http://dx.doi.org/10.1179/106698105790824888
http://www.ncbi.nlm.nih.gov/pubmed/11552866?dopt=Abstract
http://dx.doi.org/10.1016/S0004-9514(14)60302-0

