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Abstract: 

Purpose: To explore the effect of body mass index (BMI) on Craniovertebral Angle 

(CVA) and Shoulder Angle (SA) in Egyptian Adolescents. 

Methods: Cross Sectional Study designe was used. Eighty-six physical therapy 

students were selected randomly, and their age were ranged from 18-27 years. They 

were divided into three groups according to BMI. The first group with normal BMI 

(18.5-24.9 Kg/m2), while the second group was overweight (BMI was ranged from 25-

29.9 Kg/m2). The third group was obesity class I (BMI was ranged from 30-34.9 

Kg/m2). Photogrammetry method used (the photographic sessions by mobile phone 

Samsung J-7 Camera and use of Corel Draw software to analyze the pictures). 

Results: A significant difference was detected between normal BMI and overweight 

(p<0.02) and significant difference between normal BMI and obese (p<0.03). For SA 

there was significant difference between normal BMI and overweight (p<0.02). 

However, for CVA the relation between overweight and obese was not significant 

(p>0.2), and for SA non-significant difference between normal BMI and obese 

(p>0.41) and non-significant difference between overweight and obese (p>0.2). 

Conclusion: overweight and obesity change CVA and forward head posture and 

overweight changed SA and so rounded shoulder appeared. However, obesity did not 

change SA and rounded shoulder. 
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1. Introduction

Obesity is defined as storage of excessive body fat and 

lead to major health problem, increase morbidity, 

mortality rate and increase diseases such as 

cardiovascular diseases, respiratory diseases, 

musculoskeletal problems as osteoarthritis. (1) Posture 

is position of body parts in relation to each other parts. 

Inadequate posture leads to shifting of center of gravity 

(COG) from proper alignment, leading to more 

compensation by other body part. Obesity shifts COG 

from normal position lead to change moment arm and 

increase stress on joint and change its functional 

angle.(2) The head is rounded with a shoulder shape and 

has a significant postural abnormality and is associated 

with cervical and migraine headaches, fascial tightness, 

irregular movement of the scapular and even 

temporomandibular disturbances.(3) Potential head 

postures are associated with shorter head spine, splenius 

and semispinalis capitis and cervicis, cervical spinae 

erector and levator scapulae.(4) 

Prolonged malalignment of head from normal 

alignment leads to forward head posture. Failure of the 

head to align with the vertical axis of the body leads to 

more misalignments such as rounded shoulder posture 

(RSP). (5) Postural abnormality such rounded shoulder 

posture is malalignment of shoulder from normal 

alignment. It is caused by muscle imbalance between 

shorted pectoralis major, pectoralis minor, levator 
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scapula and stretch weakness of middle trapezius 

muscle and rhomboids.(4) Kwon et al., concluded that 

different head positions affect posture of all body 

part.(6) Forward head posture (FHP), which induces a 

round shoulder posture as a result of muscular 

disequilibrium, contributes to changes in the spinal 

curvature and increases tension on various body 

parts.(7) Much work into the impact of the Body Mass 

Index on FHP and rounded shoulder (RS) remains 

incomplete, although several studies have been 

performed to determine the relationship between FHP 

and cervical pain or chest kyphosis or 

temporomandibular joint. This study was designed to 

investigate the effect of BMI on craniovertebral angle 

(forward head posture) and on shoulder angle (rounded 

shoulder posture) in asymptomatic subjects. 

2. Subjects and Methods

2.1. Design 

This study was cross sectional study. The Research 

Ethical Committee of the Faculty of Physical Therapy, 

Cairo University gave an acceptance for the study. The 

study was conducted between September 2019 and 

December 2019. The study had followed the Guidelines 

of the Declaration of Helsinki on the conduct of human 

research.  

2.2. Randomization 

Each participant signed a consent form after having 

clarified the existence, intent and advantages of the 

experiment, notified them of their right to reject or 

withdraw at any time, and the confidentiality of any data 

obtained. Upon randomization for two hundred students 

(by distribution of sealed envelopes), participants are 

selected. Participants were assigned into three groups. 

2.3. Participants 

A sample of eighty-six physical therapy students was 

recruited from the Faculty of Physical Therapy, Cairo 

University, Egypt. The participants were chosen and 

divided into three groups according to their BMI. Group 

"A" involved 33 subjects with their BMI was ranged 

from 18.5-24.9 kg/m2 and Group "B" involved 28 

subjects (Over Weight) with their BMI was ranged from 

25-29.9 Kg/m2 and Group "C" included 25 obese

subjects (Class I) with their  BMI was ranged from 30-

34.9 Kg/m2. Their ages were ranged from 18-27 years

old, and their BMI did not exceed 35 Kg/m2. The

participants were excluded if they had neck pain,

shoulder pain, recent shoulder fracture, cervical disc

prolapse, radiculopathy, and subjects had

musculoskeletal disorders or leg length discrepancy,

history of neurological disorder affecting lower

extremities. In addition, subjects had symptoms of

vertigo, dizziness, visual or auditory problems, an

autoimmune disease or systemic disease were excluded.

2.4. Assessment 

Assessment of CVA and SA were applied by Corel 

Draw Graphics Suit "x7 software" and mobile phone 

Samsung J7 Camera. It is valid and reliable tool for 

assessment of CVA and SA. (8) Subjects were given the 

intent and procedure of the study in verbal instructions. 

Subjects were instructed to uncover from the head to the 

thoracic spine. Then they stood in a relaxed position at 

the marker on the floor, were making cervical flexion 

and extension to be relaxed. Three images would be 

taken for each subject and these images were uploaded 

on the software to be analyzed according to the 

following two main parts: First part; Measurement of 

craniovertebral angle: CVA determine forward head 

posture and it is calculated by taking a line from C7 to 

tragus of the ear and horizontal line from C7. Second 

part; Measurement of Shoulder angle: SA determines 

rounded shoulder posture. It was calculated by taking a 

line from anterolateral aspect of acromion to C7 and a 

horizontal line from anterolateral aspect of acromion. 

2.5. Outcome Measures 

If CVA is <50, it is considered as forward head posture. 

If SA is <52, it is considered as rounded shoulder 

posture 

Statistical analysis 

The total sample size (86 subjects) was calculated at 

α=0.05. Results are expressed as mean ± standard 

deviation. The current test involved one independent 

variable was the body mass index; which had 3 levels 

(normal, overweight, and obese) and two dependent 

variables which are craniovertebral angle and shoulder 

angle. For data analysis, the computer program 

Statistical Social Science Package (SPSS) (19 windows 

version) has been used. The p value was considered 

<0.05 and < 0.01 considered quite significant. 

3. Results

For CVA classes compartments statistically significant 

between normal BMI / overweight difference (p<0.02) 

and statistically significant between normal BMI / 

obese difference (p<0.03) were observed. Nevertheless, 

there was statistically significant considerable 

difference between overweight and obese (p>0.2) for 

SA between normal BMI and overweight, (p<0.02) and 

between normal BMI and Obese (p>0.41) and not 

statistically significant between overweight and obese 

(p>0.2). Overweight and obesity are not considerably 

different. 

Table (1): Demographic data of the studied subjects 
Number of 

subjects 

Age 

“Years” 

Weight 

“Kg” 

Height 

“m” 

BMI 

“Ratio” 

Normal 

Weight 
33 

19.41 

± 1.03 

57.30 

±6.65 

1.61 

±0.06 

21.98 

±1.71 

Over 

Weight 
28 

19.21 

±0.42 

70.25 

±7.23 

1.61 

±0.07 

26.78 

±1.44 

Obese 25 
19.04 

±0.55 

86.8 

±8.17 

1.58 

±0.08 

32.7 

±2.41 

BMI: Body Mass Index, Kg: Kilogram, M: meter 
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Table (2): The mean and standard deviation of CVA and SA 

in degrees of the studied subjects 
CVA SA 

Normal Weight 47.48±5.98 47.98±8.68 

Overweight 44.57±4.74 44.23±5.62 

Obese 42.63±4.35 49.24±12.07 

CVA: Craniovertebral angle, SA: Shoulder angle 

Fig (1): Mean of CVA and SA of studied subjects 

4. Discussion

The findings had shown that there was no substantial 

CVA variation from overweight to obese, and no 

significant difference in SA from normal BMI and 

obese to overweight and obese. For CVA, however, 

there were considerable variations between normal 

BMI and overweight and between normal BMI and 

obese and for SA, between normal BMI and 

overweight. 

Standing position was only used because in sitting 

position the probability of postural abnormality in 

cervical spine and rounded shoulder might be 

compensated. As well this would lead to change of 

muscle fiber length in cervical spine, and cause inability 

to maintain upright sitting posture. (6) 

In the study of Kim and Kim, their results showed no 

significant correlation was detected in standing and 

sitting position in CVA and RSP.(7) The limit of FHP 

was determined as <50°.(3) 

Kim and Kim were assessed rounded shoulder posture 

by height of acromion of dominant shoulder.(7) 

Photography was utilized in this study to determine the 

shoulder angle rather than the supine position, to test the 

misalignments of corporal segments by photographic 

measurements of the sagittal postures of cervical spine 

and the shoulder. The photographic measurement of 

sagittal postures in the cervical spine and the shoulder 

is being increased in order to study misalignments on 

body parts, with several studies confirming that 

photogrammetry is highly reliable. (2) 

Although the supine position is accurate in assessing 

symptoms for the rounded shoulder posture (RSP), the 

longitude of the pectoral minor muscle is typically 

measured. The height of the acromion of the dominant 

shoulder joint of only one hand was determined in the 

RSP gage and, as measured in the supine position, there 

was a constraint in the estimation of the deformity of 

the spinal fold and the spatial adjustment of the scapula 

due to FHP. FHP is reduced as determined by the 

supine angle. 

Alternation of body posture change position of head 

leads to forward head posture (FHP). FHP leads to 

RSP. RSP leads to increasing of thoracic kyphosis. (5) 

Kwon et al. concluded that the different head positions 

affect the posture of your body and thus affect your 

muscle activity. Future head posture rounded shoulder 

(FHPR) postural changes can affect the scapular 

position and the joints of the shoulder. (6) 

Thigpen et al. concluded that during the loading of the 

forward flexion test, greater anterior scapular 

inclination and internal rotation and decreased upward 

scapular rotation were shown in individuals free from 

FHRSP shoulder pain with a corresponding lower 

serratus level and lower scapular internal rotations with 

comparable lower level of anterior muscle activity. 

This supports the clinical hypothesis of the potential 

risk that alters postural changes linked to the FHRSP 

during overhead tasks. (9) FHP is one of the most 

common cervical abnormalities that predispose people 

to disease. In a lower CVA, more FHP is shown. Higher 

CVAs were available in the study of smartphones over 

4 hours a day. Another study revealed that many users 

of smartphones have increased cervical angle pain in the 

neck. (10) 

Neck musculoskeletal disorder and cervical 

dysfunction lead to forward head posture, thoracic 

kyphosis and rounded shoulder posture. These were 

caused by imbalance of pectoralis major, pectoralis 

minor, posterior neck muscles, and middle fibers of 

trapezius muscle. (11) 

Saaid et al claimed that FHP is moderate and 

moderately altered by a rounded shoulder posture. The 

rounded location of the shoulder did not change 

however by the extent of the stance of the front head. 

(12) 

The significant decrease in CVA between normal 

weight (Normal BMI) and overweight, between normal 

weight and obese is due to affection of posture by 

obesity. This leads to shifting of COG anteriorly, and 

consequently affects torque (Torque= Force x Moment 

Arm). Affection of torque will lead to postural changes 

to compensate this abnormality as well; will decrease 

craniovertebral angle and forward head posture.  

Although the current study reveals objective data with 

statistically significant differences, but there are some 

limitations. The main limitation is the small sample size 

so, larger studies are necessary to confirm these 

findings. 
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5. Conclusion

It was concluded that, there was change in CVA 

between normal BMI and overweight and between 

normal BMI and obese. There was change in SA 

between normal BMI and overweight. However, there 

were no change in CVA between overweight and obese 

and no change in SA between normal BMI and obese 

and between overweight and obese. 
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