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ABSTRACT  

            Background: Excessive thoracic kyphosis often begins in adolescent girls during puberty to 
hide their growing breasts. Poor posture, carrying a heavy school bag and the use of computers for 
long periods worsen this hyperkyphosis during adolescent growth. Many studies are concerned with 
corrective exercises for this case and the kinesio tape application is new in rehabilitation. Purpose: 
This study was conducted to measure the correlation between myoelectric activity of middle trapezius 
muscle and pectoralis major muscle in patients with postural kyphosis. Subjects and Methods: Forty 
adolescent girls complaining from postural kyphosis were selected from secondary schools in Giza 
and Faculty of Physical Therapy. Their ages ranged from 15 to 20 years old, their kyphosis (cobb’s) 
angles were more than 40 degrees and less than 60 degrees and their body mass index (BMI) was <20 
and >25 kg/m2. Surface electromyography was used to measure the trunk muscles activity middle 
trapezius and pectoralis major at both sides. Results: The Pearson correlation between (myoelectric 
activity of middle trapezius muscle and pectoralis major muscle) at both sides revealed that there was 
no correlation (p>0.05). Conclusion: It can be concluded that the change in the myoelectric activity of 
middle trapezius muscle is not consistent with change in myoelectric activity of pectoralis major 
muscle.  
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Introduction 
Postural kyphosis may be caused by poor posture during adolescence; female teen hunches 

forward to conceal breast development (Susan, 2009). A heavy backpack causes the student to bend 
the head and trunk forward to withstand the weight of school bag. The pressure on neck and back 
muscles can cause excessive fatigue and damage to the skeletal system and eventually spinal 
deformities (Kistner et al., 2013). Also, young individuals who attend the school environment, remain 
for long periods in the seated position and usually assuming an inadequate posture, most often on 
inappropriate furniture (Lis et al., 2007). 

The use of computers influences instantaneous spinal postures in both adults and adolescents 
(Straker and Mekhora, 2000). Such temporary alterations in posture may in themselves be important, 
influencing the degree of spinal loading (Briggs et al., 2004) and, thus, possibly being a factor in 
reports of greater spinal pain in adult and adolescent computer users (Ramos et al., 2005). 

Normal posture is defined as when the line of gravity (LOG) passes through the external 
auditory meatus, the bodies of the cervical spine, and the acromion and anterior to the thoracic spine 
(Kendall et al., 2005). Normally, the external moment produced by gravity and ground reaction forces 
at a joint is offset by the internal moment produced by various muscles and other soft tissue structures 
around that joint. However, presence of postural malalignments may require greater internal forces to 
balance the external torque produced by gravity, which in turn is exaggerated owing to the altered 
location of the LOG (Oatis, 2008). 

Normally, a flexion moment is being created by the passage of LOG anterior to the thoracic 
spine that is offset by the extensor muscles, ligamentum flavum, supraspinous ligaments, and 
posterior longitudinal ligament. This gravitational moment would increase if there is an increase in the 
thoracic spine’s posterior convexity causing increased distance between joint axes and LOG. In such a 
case, to maintain an upright posture, ligaments and muscles would be required to produce a greater 
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moment to counterbalance the increased gravitational moment (Levangie and Norkin, 2001, Briggs et 
al., 2007) ,thus leading to an increase in posterior convexity or kyphosis of the thoracic spine, also 
known as round back (Saxton, 1988). 

While there is evidence that hyperkyphosis and spinal extensor weakness are correlated and 
strengthening spinal extensor muscles may improve already existing hyperkyphosis, the causal 
association between hyperkyphosis and spinal extensor weakness remains unclear. Two theories have 
been proposed. First, loss of spinal extensor strength can result in a decreased capability of these 
muscles to generate extension movement and control anterior shear force that leads to an increase in 
kyphotic angle (Greig et al., 2008). Second, in addition to increased compression and shear forces 
imposed on spinal functional units (Pearsaii and Reid, 1992), an increase in sagittal curvature of spine 
may compromise spinal extensor muscle strength by reducing the force generation capacity (Mika et 
al., 2005) and muscle activity (O’Sullivan et al., 2002) due to alterations in length–tension 
relationship (McGill et al., 2000), moment arm and force vector alignments (Tveit et al., 1994) . 

In normal scapular alignment, the scapular borders are about 2.5–3 inches from, and parallel to, 
the spine, and the scapula is held flat against the thorax between T2 and T7 at an angle of 5° to the 
frontal plane (Kendall et al., 2005). Scapula protraction was often associated with thoracic 
hyperkyphosis, and shortening of the pectoral muscles in postures where the trunk is leaning forward 
has been linked to thoracic hyperkyphosis (Balzini et al., 2003). Scapular protraction was found to be 
a consequence of tightness in the pectoralis minor as the coracoid tilts inferiorly and shifts laterally 
away from the midline (Burkhart et al., 2003). As a result, the scapular alignment of individuals with 
kyphosis may not be normal. Correct alignment of the thoracic spine can positively affect scapular 
positioning and alleviate muscle imbalance (Park and Yoo, 2013). 

Electromyography is the recording of the electrical activity of muscles, and therefore 
constitutes an extension of the physical exploration and testing of the integrity of the motor system 
(Gutierrez Rivas et al., 2000). It can be said that SEMG, sometimes called kinesiological 
electromyography, is the electromyographical analysis that makes it possible to obtain an electrical 
signal from a muscle in a moving body (Soderberg and Knutson, 2000). So, the aim of this study was 
to assess the correlation between myoelectric activity of middle trapezius muscle and pectoralis major 
muscle at both sides in patients with postural kyphosis. 
 
Subjects, Materials and Methods:  
 
Subject’s criteria: 

 Forty adolescent females complaining from postural kyphosis were selected from secondary 
schools, in Giza and Faculty of Physical Therapy. Their ages ranged from 15 to 20 years old, their 
body mass index (BMI) was <20 and >25 kg/m2 and their kyphosis (cobb’s) angles were more than 40 
degrees and less than 60 degrees. The exclusion criteria included females suffering from chest 
diseases, scoliosis, and previous trauma to the spine, pelvis and lower limbs or those who received 
medications that might affect the neuromuscular functions at least three months before or during the 
study course. Full instructions were given to all participants about the study protocol. Participants and 
parents signed a consent form. The Ethical Research Committee of Faculty of Physical Therapy has 
approved the study protocol. 

 
Assessment procedures: 
 
Anthropometric measurement: 

Weight and height was measured using weight-height scale for each female in both groups 
(A&B) at staring of this study. Then, BMI was calculated according to the formula: BMI = 
weight/Height squared (kg/m2). 

 
Cobb’s angle measurement: 

The current gold standard for the quantification of thoracic kyphosis is the lateral radiograph, a 
method which provides a Cobb angle (Harrison et al., 2001; Briggs et al., 2007). A lateral and 
anteroposterior plain X-rays were taken from each girl individually, from standing position (stress X-
ray). Perpendicular lines were extended from lines drawn through the superior end plate of the highest 
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vertebral body and the inferior end plate of the lowest identified vertebral body of the curve. The 
measured angle at their intersection was then determined (Cobb’s angle), (Oheneba and Baron, 1996). 

 
Outcome measures 
 
Surface electromyography measurement: 

Surface electromyography (EMG) is an established and validated method to assess the 
electrical activity of muscles (Hermens et al., 2000). The trunk muscles including: middle trapezius 
and pectoralis major were assessed using the True Trace EMG (NCV/EMG/EP) system (DEYMED 
Diagnostic s.r.o., Czech Republic). Deymed manufactures reliable and high-quality neurodiagnostic 
and neurocare systems, Deymed systems significantly reduce artifacts and outside noise by running 
100% on batteries for superior signal quality. Fast and easy to use with dashboard style interface. 
Deymed systems designed with Digital Signal Processor technology which can sample at very high 
sample rates while changing any parameter on the fly digitally. Optical isolation greatly improves 
signal quality and patient safety. This feature combined with long-lasting battery operation, offers the 
best-in-class technology for neurophysiological recordings.  

True trace flexiCart with integrated computer and up to four EMG or Stimulator headboxes 
with analog sampling frequency 50 kHz per channel, differential input impedance 10 GΩ parallel to 
25 pF, stimulation intensity from 100 μA to 100 mA and impulse duration from 50 μs to 1 ms with 
maximum stimulation frequency 300 Hz. 

Submaximal isometric resisted muscle tests were performed to generate high EMG activity and 
exercise activity tests were performed for each muscle. For MVIC tests the researcher applied manual 
pressure in a position according to the test being performed. For testing the middle trapezius, the 
researcher placed the electrodes 2 cm medial to the medial edge of the girl’s scapular spine, just under 
the subcutaneous tissue and the ground electrode was placed on the acromion (Geiringer, 1994). The 
female’s shoulder was externally rotated and horizontally abducted to 120 degrees, while the 
researcher gave maximum isometric resistance distal to the elbow in the direction of medial rotation 
and adduction. For testing the pectoralis major, the electrodes were placed 2cm below the anterior 
border of clavicle along the longitudinal axis, which crosses the middle point of the clavicle (Cram 
and Kasman, 1998). The female’s shoulder was flexed and abducted to 30 degrees, while the 
researcher gave maximum isometric resistance distal to the elbow in the direction of extension and 
adduction. For exercise tests the females were performed scapular retraction exercise for middle 
trapezius muscles measurement and horizontal abduction and adduction exercise for pectoralis major 
muscles measurement. 

 Each contraction was performed for 5 seconds with a gradual increase of contraction over 1 
second, a sustained maximum contraction for 3 seconds, and a gradual release over the final second. 
Three repetitions of each test were performed, with a minimum rest interval of 30 seconds between 
repetitions. A minimum 1-minute rest period preceded each new test position. During the contraction, 
females were given verbal encouragement and were provided with visual feedback of their 
performance on the computer monitor displaying their raw EMG signals. The average of the RMS 
values used for normalization of the EMG recordings by measuring the amplitude of the activity test 
as a percentage of MVICs amplitudes (%). 

 
Statistical analysis: 

Statistical analysis was conducted using SPSS for windows, version 23 (SPSS, Inc., Chicago, 
IL). The Pearson product-moment correlation was used to determine the strength and direction of a 
linear relationship between myoelectric activity of middle trapezius muscle and pectoralis major 
muscle in patients with postural kyphosis. The alpha level was set at 0.05. 
 
Results  
 

The Pearson correlation between (myoelectric activity of middle trapezius muscle and 
pectoralis major muscle) at both sides revealed that there was no correlation (p>0.05). This means that 
change in the myoelectric activity of middle trapezius muscle is not consistent with change in 
myoelectric activity of pectoralis major muscle. (table 1 and fig1and 2). 
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Table 1: Correlations between myoelectric activity of middle trapezius muscle and pectoralis major 
muscle at both sides. 

 Right Pectoralis Major Left Pectoralis Major 

Right Middle Trapezius 
Pearson Correlation (r) -.192 -.117 

p-value .234 .474 

Left Middle Trapezius 
Pearson Correlation (r) .296 .016 

p-value .063 .923 
*Significant level is set at alpha level <0.05    

 

 

 
Fig. 1. Scatter plot for the bivariate correlation between myoelectric activity of middle trapezius 

muscle and pectoralis major muscle at right side. 
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Fig. 2. Scatter plot for the bivariate correlation between myoelectric activity of middle trapezius 

muscle and pectoralis major muscle at left side. 

Discussion 

Postural kyphosis is a common spinal curvature disorder. Hyperkyphosis is defined as 
excessive thoracic curvature of the thoracic spine more than 40 degrees. This is one of the spinal 
abnormalities that may develop during adolescence (Kamali et al., 2016). The angle of kyphosis 
increases with age and this increase is greater in females than males (Yochum & Rowe, 2005). The 
incidence of this deformity was estimated as 15% in 11-year-old children and 38% in 20- to 50-year-
old adults (Seidi et al., 2014). Hyperkyphosis could reduce spinal extensor muscle activity level, 
similar to the flexion relaxation response to prolonged spinal flexion that has been observed in young 
adults (Callaghan and Dunk, 2002). Decreased activity of the spinal extensor muscles from prolonged 
stretch could result in structural and histomorphologic changes, disuse atrophy, fatty infiltration and 
finally a loss of muscular strength and performance (Kocjan and Sarabon, 2014). So, the aim of the 
current study was conducted to measure the correlation between myoelectric activity of middle 
trapezius muscle and pectoralis major muscle in patients with postural kyphosis. The finding of the 
current study revealed that there was no significant correlation between myoelectric activity of middle 
trapezius muscle and pectoralis major muscle at both sides in patients with postural kyphosis. 
Levangie and Norkin (2005) stated that faulty posture, if continued on a daily basis, over time results 
in structural changes such as ligamentous or muscle shortening or lengthening. Hrysomallis and 
Goodman (2001) stated that one of the causes of postural deviations such as kyphosis was owing to 
having a weak and lengthened agonist muscle group combined with a strong and tight antagonistic 
muscle group. 

Electromyography is very commonly used in postural assessment studies to ascertain the 
changes in muscular activities that occur as a result of postural changes (Lee et al., 2016). Root mean 
square value reflects the motor unit activity during contraction. So, it is used to indicate the electric 
signal that can be analyzed and processed by using the RMS value (Thiago et al., 2010). The EMG 
signal is mathematically treated to quantify the intensity and the duration of several signals. The 
relationship between the force and EMG signal tend to be linear in small muscles, but this relationship 
tends to be nonlinear in bigger muscles as they need more motor recruitment (Zhou and Rymer, 
2004). Yoo (2013) revealed that the EMG activity of UT and the clavicular portion of pectoralis major 
were increased and the EMG activity of MT and SA was decreased in individuals with forward 
shoulder posture compared to individuals with normal posture. 

Birgit et al. (2016) showed higher Pm activity during the towel wall slide in patients with 
idiopathic neck pain in comparison with the healthy control group. In addition, it was found that 
patients with neck pain and scapular dyskinesis showed lower MT activity in comparison with healthy 
controls with scapular dyskinesis during scaption. They reported significantly higher Pm activity was 
found in patients with subacromial impingement syndrome during all elevation tasks. For the other 
scapulothoracic muscles (UT, MT, LT, SA, LS and RM) no significant differences were found 
between SIS group and healthy group.  
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Omid et al. (2015) reported that muscular activity differed significantly among the external 
rotation exercises in shoulder girdle muscles The greatest activation for anterior and middle deltoid, 
supraspinatus, upper trapezius, and serratus anterior occurred during standing ER at 90 of abduction; 
for posterior deltoid, middle trapezius, and rhomboid during side-lying ER with underarm towel; for 
lower trapezius, upper and lower latissimus dorsi, subscapularis, and teres major during prone ER at 
90 of abduction; and for the clavicular and sternal part of the pectoralis major during standing ER 
with underarm towel. 

Aaron et al. (2010) showed that during glenohumeral internal rotation, EMG activity in the 
middle trapezius and serratus anterior was, for the most part, not different from activity in the 
pectoralis major. During glenohumeral external rotation, EMG activity in the middle trapezius and the 
serratus anterior was actually higher than activity in the infraspinatus. Although the teres minor may 
be a more substantial contributor to external rotation at this position, we did not expect that the 
infraspinatus would be less active in the middle trapezius. Thus, activity in the selected scapular 
stabilizers was similar to or higher than activity in the selected prime movers. It was also apparent that 
the scapular stabilizers were more active during the initiation and termination of glenohumeral 
internal rotation than in the middle phase of the motion. By contrast, pectoralis major activity was 
lowest in the terminal phase of internal rotation. For external rotation, muscle activity did not vary 
systematically through the range of motion. 
 

Conclusion 

The current study concluded that the change in the myoelectric activity of middle trapezius 
muscle is not consistent with change in myoelectric activity of pectoralis major muscle.  
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