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ABSTRACT 

Title INFLUENCE OF PERSONAL FACTORS ON THE ACCURACY OF 
THE PREDICTION OF ACROMIAL DISTANCE IN SUPINE   

Author WALEERAT SANSEE 
Degree MASTER OF SCIENCE 
Academic Year 2020 
Thesis Advisor Assistant Professor Nitaya Viriyatharakij , Ph.D. 

  
The objective of this study is to analyze the influence of personal factors on 

the accuracy of the prediction of acromial distance (AD) in the supine position from AD in 
sitting position. This cross-sectional study was conducted with 184 healthy participants 
(aged 18-53 years), and comprised of 112 females and 72 males. The total number of 
participants were recruited using the purposive sampling, categorized by BMI, gender, 
and age. These participants were separated into two BMI groups of (group 1: range 
between 18.5 to 22.9 kg/m2 and group 2: equal or greater than 23 kg/m2) and three 
age groups. The AD of participants was measured in the sitting and supine positions by 
two assessors. The intra and inter rater reliability had excellent reliability of both sitting 
(ICC3,1 0.991 to 0.999) and supine positions (ICC2,1 0.954 to 0.999). The main outcomes of 
this study were AD measurement in both positions. In terms of multiple regression 
analysis, the resulting equation was AD in supine = -2.800 + 0.553 (AD in sitting) + 7.149 
(BMI) + 3.868 (gender) + 0.216 (age), The adjusted R2 was 0.629 that supported the 
moderate accuracy of the predictability, if personal factors are added. In conclusion, the 
personal factors were considered for evaluation of pectoralis minor muscle length by the 
AD measurement in supine and sitting positions in clinical practice. 
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CHAPTER I  
INTRODUCTION 

1. Background  
Pectoralis minor is one of the smallest muscles of the pectoral group. It is 

originated from the anterior surface of 3th, 4th, and 5th ribs. The pectoralis minor muscle is 
located in close proximity to the costochondral junction and is inserted at inferomedial 
aspect of the coracoid process of the scapula. This muscle has an emphasis on 
biomechanics because of the muscle’s association between the scapula motion and 
scapula dyskinesis (1). The prevalence of pectoralis minor tightness was found in 
approximately 94.5% of both healthy males and females aged between 18 to 25 years old 
(2). According to the insertion, pectoralis minor would pull the coracoid process of the 
scapula bone, resulting in the forward movement of the shoulder. Thus, the alignment of 
the scapular to be shifted from its normal position resulting in the coracoid process being 
antero-inferiorly tilted. As the alignment of scapular is changed and an inferior of acromion 
process moves downward, the pressure of soft tissue at subacromial space is increased. 
Subsequently, the range of motion of the shoulder was limited and the individual will 
experience shoulder pain was occurred (3). 

To correctly assess the length of the pectoralis minor muscle the physical 
therapist must assess and measure the acromial distance (AD) in the supine and sitting 
positions. In the supine position, the distance is measured by assessing the distance 
between the patient’s acromion process and the bed or examination table (4). In the sitting 
position, the AD could be measured by using the gap between acromial angle and the 
wall of the examination room (5, 6). The methods listed could be utilized as an alternative 
to those currently used in clinical practice, and were suitable for both male and female 
patients. The benefit resulting in measurements that are assessed in an unexposed 
condition unlike in a direct technique. Clinically, AD in sitting position was determined by 
measuring the individual’s resting length of pectoralis minor muscle because the muscle 
length was not affected by gravity; however, the pectoralis minor muscle may be 
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lengthened by gravity and the position of scapular was fixed. The assessment in these 
two positions have different advantages and different application purpose. 

A recent study found that a body mass index (BMI) was significantly affected by 
AD (6). Each additional unit of BMI contributed to increased AD in supine position 
increasing 1.195 millimeters (mm), the AD while sitting remained constant. Notably, this 
study has 3 limitations. First, was the difference in gender distribution, second, range of 
age was below 38 years, and third, BMI was less than 30 kg/m2 (6). BMI has a direct 
correlation with weight, chest circumference, and chest dimension of both genders, and 
increases with age in both male and female (approximately 0.15 kg/m2 in male and 0.90 
kg/m2 in female) (7). In summary, BMI, gender, and age were the personal factors that 
might be the confounding factors of the AD measurement. Therefore, this study was 
interested in assessing pectoralis minor length by AD measurement and the effect of 
personal factors (BMI, gender, and age), for AD prediction. 

2. Research question  
What is the influence of personal factors (BMI, gender, and age) on the prediction 

of AD in supine position from AD in sitting position? 

3. Research objective 
To analyze the influence of personal factors on the accuracy of prediction of AD 

in supine. 

4. Research hypothesis 
The personal factors affect the accuracy of predictability of AD in supine position. 

5. Benefit of the study  
The AD measurement in supine position was accurate to measure the length of 

pectoralis minor muscle if the personal factors were considered. Moreover, the 
predictability of AD in both supine and sitting positions were able to be applied in clinical 
practice as there was a correlation between two positions. Furthermore, these two 
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measurement may be able to apply in practice as treatment progression in patient with 
pectoralis minor tightness. 

6. Definition of terms 
6.1 Acromial distance (AD) 

The distance between the posterior aspect of acromion process and the bed 
in supine position (4, 8) and the wall in sitting position (5, 6). 

 
6.2 Pectoralis minor tightness 

The pectoralis minor muscle tightness has the cutting point for AD in supine 
equal or higher than 25.4 mm (4). 

 
6.3 Body mass index (BMI) 

The BMI was classified according to World Health Organization (WHO). The 
cut-offs for normal range was 18.5 to 22.9 kg/m2. Overweight was considered as equal or 
above 23 kg/m2 (9). 

 
6.4 Age range 

Ages were categorized into three groups; 18 to 24 years old, 25 to 39 years 
old, and more than or equal or more than 40 years old (10). 
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7. Conceptual framework 
 

 

Figure  1 Conceptual framework 
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CHAPTER II  
LITERATURE REVIEW 

1. Prevalence of pectoralis minor tightness 
In 2016 Manked et al., studied the prevalence of pectoralis minor tightness by 

measuring an acromial distance (AD) in the supine position in 200 healthy male and 
female participants aged between 18 to 25 years old. The pectoralis minor tightness 
would be considered if the AD was over 2.6 centimeters. The tightness of pectoralis minor 
muscle was found in 189 participants (94.5%) (2). 

2. Anatomy and biomechanics of scapular and pectoralis minor muscle 
The scapulothoracic joint (ST) is the false joint comprising of the scapula bone 

and thorax. This joint could move in all directions which are protraction, retraction, 
elevation, depression, anterior/posterior tilting, internal/external rotation and 
upward/downward rotation (11). Serratus anterior, rhomboid, levator scapulae, trapezius, 
rotator cuff, and pectoral muscles are the stabilizers around the ST joint (11). In 2013 
Kibler et al., reported that the ST joint and other structures around the scapula were 
important components for shoulder movement and shoulder stability in resting position 
and during movement occurred (12). 

Pectoralis minor is one of the muscles in pectoral groups. It is originated from the 
anterior surface of 3th, 4th, and 5th ribs located nearby the costochondral junction and 
inserted at inferomedial aspect of the coracoid process of the scapular. This muscle has 
the emphasis on biomechanics because of the association between scapula motion and 
scapula dyskinesis (1). Pectoralis minor tightness is a cause of the limitation of superior 
and inferior scapula movement (13). 

3. Effect of pectoralis minor tightness on acromial distance  
Pectoralis minor muscle has an effect on scapula kinematics which can cause a 

pathology of glenohumeral joint. Changing in the muscle length can cause muscle 
imbalance resulting in improper muscle coordination. Tension that rises from muscle 
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tightness also can lead to muscle shortening. Pectoralis minor tightness or shortening 
would be changed the position of the scapular toward anterior tilt, internal rotation and 
downward rotation or limit range of motion of scapula upward rotation, external rotation 
and posterior tilt (14-16). This situation is related to the distance between acromion 
process and reference lines (4, 5). Moreover, the decreased in pectoralis minor length 
would pull coracoid process toward more antero-inferior tilting than normal alignment and 
the inferior border of the acromion process would move laterally from the midline. 
Consequently, the pressure of surrounding tissue at subacromial space is higher and 
cause shoulder pain that would limit arm movement (3). Additionally, other structures 
underneath the pectoralis minor muscle such as median nerve might be disturbed (17). 

4. Factors associated with the acromial distance measurement 
4.1 Personal factors (Body mass index; BMI, gender, and age) 

BMI is the index which is broadly used for assessing obesity. It could be 
calculated from the formula using weight in kilogram divided by height in meter squared 
(kg/m2) (9). BMI is categorized into many forms according to the referable reference. The 
World Health Organization (WHO) has classified the level of BMI in Asians as underweight 
(BMI less than 18.5 kg/m2), normal range (BMI between 18.5 to 22.9 kg/m2), overweight 
(BMI equal or more than 23 kg/m2), obese I (BMI between 25 to 29.9 kg/m2) and obese 2 
(BMI as equal or more than 30 kg/m2) (9).  

For age and gender factors, BMI was in the correlation with weight, chest 
circumference, chest dimension, and age of both genders as BMI tends to increase yearly 
(approximately 0.15 in male and 0.90 in female) (7). Additionally, there was the correlation 
between BMI and chest area as well (18). In 2011 Chittawatanarat et al., revealed that the 
distribution of people who have normal or high BMI were more plentiful than individuals 
with a lower BMI or underweight (10). Recent study reported that BMI was the factor 
affecting the prediction of AD in the supine from the sitting position by adjusting BMI as a 
covariance variable in the predicted formation (6). Temprom et al., found that every 
change of BMI unit can lead to the alteration of the AD in the supine position which is 
accounted for 1.195 mm (95%CI = 0.684 to 1.705) while AD in sitting is constant distance 
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(6). As a result, BMI, gender, and age may be confounding factors for the AD 
measurement. 

 
4.2 Musculoskeletal factors 
The shoulder comprises numerous muscle groups, bones, and joints. The largest 

bone, the scapula is stabilized primarily by the scapulothoracic and scapulohumeral 
joints. There are many muscles that attached to the scapular such as pectoral group, 
trapezius, rotator cuff, and serratus anterior. All of these muscles should be analyzed to 
find the case of changing scapular position (19). Participants with scoliosis were also 
found the alteration of scapular position in coronal plane. In previous study, the scapula 
medial and downward rotation with anterior tilting in the convex side of thoracic scoliosis 
was found in adolescent idiopathic scoliosis (20). Moreover, the lateral and downward 
rotation with posterior tilting of scapular was discovered at the concave side in scoliosis 
participants (20). 

The alterations of alignment of spine affect muscle that attach to spinous process 
and its biomechanics. Abnormal postures also lead to scapula alignment deviation. An 
increase in thoracic flexion angle was found to cause more statistically significant anterior 
tilting of scapular when compare to normal sitting posture (21). Lee’s study reported a 
positive correlation between forward scapula posture with thoracic kyphosis angle (r = 
0.72 and p 0.001) (22). There was negative correlation between pectoralis minor index (r 
= -0.89 and p 0.000) and glenohumeral horizontal adduction (r = -0.72 and p 0.001) (22). 
Therefore, the increased of thoracic flexion angle in a slouch, hyperkyphosis or scoliosis 
should be correlated with the length of pectoralis minor and AD. 
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5. Methods of measurement of pectoralis minor length  
Two methods of pectoralis minor length measurement are used clinically; a direct 

method and an indirect method. 
5.1 Direct method measurement 

Direct technique measurement is based on the anatomical attachment of 
pectoralis minor muscle. The length of this muscle is measured from infero-medial aspect 
of coracoid process of scapular to the superior border of the fourth rib which situates near 
sternocostal junction. This method is accurate and consistent not only in cadavers but 
also in healthy living subjects (23). The instruments for direct measurement of pectoralis 
minor index (PMI) were vernier caliber, tape (23, 24), skin-based caliber (23, 24), and 
Palpation Meter (Performance Attainment Associates, St. Paul, Minnesota: PALM) (25). 
This method was found to be more suitable for male than female because of the exposure 
the pectoral area (14, 23, 24). Pectoralis minor index is used to identify tightness of the 
pectoralis minor muscle. PMI could calculate from the resting length of pectoralis minor 
muscle divided by height of participants and multiply by 100 (14). PMI relates to the 
distance from sternal notch to coracoid process (r = 0.48) (15). 

 
5.2 Indirect method measurement  

The indirect method measurement is an alternative method that measure AD. 
AD is the distance between posterior aspect of acromion process or acromion angle to 
the reference points. It could be measured in supine (4) standing or sitting positions, 
therefore, the reference would be bed or wall that paralleled to the body (5, 26). The cut 
point of AD was 2.54 centimeters (cm) so the participants who had AD equal or more than 
2.54 cm are defined as having pectoralis minor tightness (4). This method can be done 
using simple and low cost equipment such as protractor (8), sliding caliper (27), second 
or double square (26, 28), and L-square ruler with water level (5, 6). Additionally, this 
technique is easier to assess in both genders due to the technique not requiring the 
exposure the pectoral area. 

The reliability of these measurements are excellent in supine position (ICC = 
0.92 to 0.97) (8) or (ICC = 0.88 to 0.94) (29), as well as in sitting position (ICC = 0.98) (5) 
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and good in upright position (ICC = 0.72 to 0.75) (27). For upright position, there is 
moderate correlated with radiography (26) using 7th spinous process of cervical vertebra 
and anterior apex of acromion process as a reference points (26). 

 
5.3 Positions used in acromial distance measurement 

The supine position is the standard position for AD measurement (4). 
Participants lying on a bed without a pillow, and their arms place over the abdomen with 
the elbows slightly flexed (4). Struyf et al., reported that measuring the pectoralis minor 
during scapular retracting might be applied and compared to the evaluation in normal 
supine position (27). The higher difference in distance, the more tightness of the muscle. 
However, the supine position is the position that pectoralis minor muscle may be stretched 
from gravity and the scapula is fixed. 

AD in sitting position is the resting length of pectoralis minor muscle which 
could be used clinically as the gravity has no effect to the muscle. Therefore, the 
assessment in two positions have different advantages and would be used in different 
objectives. For example, the AD in supine position may not equal to measuring in sitting 
position. It could be implied that stretching this muscle in the supine position may not be 
able to lengthen the muscle in sitting, sufficiently. In recent study, it was found that BMI 
has an effect on prediction of AD from sitting to supine position (6). Nevertheless, this 
study has the limitations about the number of the participants who have BMI less than 30 
kg/m2, the difference of number of participants between male and female, and the 
participants who were aged less than 38 years old. Both genders and ages may have an 
effect on AD measurement due to the correlation between BMI (7). 
  



  10 

CHAPTER III  
METHODOLOGY 

1. Research design 
Cross-sectional study 

2. Location of this study 
Saint Louis College (SLC), Bangkok, Thailand. 

3. Expected duration of this study  
July 2019 – September 2020 

4. Outcome of this study 
Outcome: AD of supine position and AD of sitting position. 

5. Participants 
The participants recruited to this study are from the purposive sampling which 

categorized by BMI, gender, and age. Inclusion and exclusion criteria would be 
considered to achieve the sample size. 

5.1 Inclusion criteria 
1. Male or female 

2. Age range ≥ 18 years 
3. Body mass index ≥ 18.5 kg/m2 
4. The past history without fracture and surgery of upper quadrant and 

cervical area 
5. Active full range of motion of shoulder joint in all directions without pain 
 

5.2 Exclusion criteria 
1. Scoliosis  
2.Thoracic hyperkyphosis 
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3. The respiratory rate (RR) more than 20 beats per minute, dyspnea, or 
orthopnea condition 

6. Sample size calculation 
The sample size of this study was calculated by G*Power 3.1 program, using the 

Linear multiple regression: fixed model, R2 deviation from zero formula (6). 
Alpha 

Power (1-β err prob) 
Effect size f2 
Number of predictors 
Total sample size 

= 
= 
= 
= 
= 

0.05 
0.8 
0.11 
4 
113 

(Referenced from G*Power 3.1 program: effect size defines as small effect 
size f2 = 0.02, medium effect size f2 = 0.15, and large effect size f2 = 0.35.) 

 
In accordance with BMI, gender, and age as flowchart mentioned below, the 

subdivision comprised 12 groups. Thus, the sample size was at least 10 participants per 
group. According to the calculated total sample size, total participants for this study was 
at least 120. 
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Figure  2 Purposive sampling 

Abbreviations: A was age; A1 age between 18 to 24 years old, A2 age between 
25 to 39 years old, A3 age equal or over 40 years old. B was BMI; B1 BMI was range from 
18.5 to 22.9 kg/m2, B2 BMI was equal or more than 23.0 kg/m2. F means female and M 
was male. 

The process of sampling was to categorize participants using age. Each group 
was divided by genders. Finally, BMI was considered. As a result, the 12 group of 
participants were arranged in the above chart (Figure 2). 

7. Ethic 
Approved was obtained by the Ethic Committee for Human research of 

Srinakharinwirot University (SWU), Bangkok, Thailand and the Ethic Committee for Human 
research of Saint Louis College (SLC), Bangkok, Thailand. 

8. Instruments 
1. Bed 
2. Chair without backrest 
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3. Postural chart 
4. Goniometer (Figure 3) 
5. Scoliometer (Figure 4) 
6. Weight and height measuring scale (Model ZT-160) (Figure 5) 
7. Standard L-square ruler with water level (Figure 6) 
8. Other equipment (Pen, tape, alcohol, cotton balls, and foam pad for support 

feet) (Figure 7) 
9. Recording form (Appendix C) 
 
 
 
 
 
 

 

Figure  3 Goniometer 
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Figure  4 Scoliometer 

 
 
 

 

Figure  5 Weight and height measuring scale (Model ZT-160) 
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Figure  6 Standard L-square ruler with water level 

 
 
 

 

Figure  7 Other equipment (pen, tape, alcohol, cotton balls, and foam pad) 
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9. Procedures 
9.1 Participants 

Eligible participants were selected from individuals who work at the Saint 
Louis College (SLC) in Bangkok, Thailand. Participants were recruited if the inclusion 
criteria were present. The participants received project information about the objective of 
the study and research procedure from the researcher including exclusion criteria 
screening. Finally, an informed consent was given to participants. 

 
9.2 Screening process 

All of the participants completed a questionnaire about their personal 
information, demographic data, and personal history. Additional test consisting of 
respiratory rate, weight, and height was determined by the researcher, using the weight 
and height measuring scale (Model Z-160). Data was recorded in kilograms and 
centimeters, respectively. Lastly, shoulder and neck active range of motion was measured 
in all direction. 

Scoliosis was evaluated by Adam’s forward bend test or active trunk flexion. 
Test subjects would bend at the waist, keeping their legs and knees slightly bent and 
shoulders relaxed. The research assistant observed and palpated the rotation of spine 
(rib hump) and measure the scoliosis by scoliometer. If “rib hump” presented during spine 
rotation, however, individuals with a reading of more than 5 degrees on the scoliometer 
(30) were excluded from the study. 

Finally, thoracic hyperkyphosis was assessed by measuring the distance 
from the occiput to wall (OWD). The research assistant instructed participants to perform 
the extension of the patient’s knees against the wall as much as possible (31). This 
process of measurement included the measurement of linear distance from bony 
prominence of 7th cervical spinous process to the wall with standard L-square ruler with 
water level and record data in centimeters (31, 32). If the distance of OWD was more than 
5 centimeters, this could indicate the thoracic hyperkyphosis (31, 32) and these 
participants were excluded from this study. 
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9.3 Preparation of subjects and assessors for AD measure 
1. The researcher explained about AD measurement on dominant arm in the 

sitting and supine positions. 
2. The researcher measured AD in sitting position and the research 

assistance measured AD in supine position. Both assessors received valuable training 
from the experience physical therapist in AD measurement by practicing of the palpation 
the reference point, which is acromion angle of scapula in the participants who had 
difference BMI levels before the data was collected. The intra and inter-rater reliability was 
calculated by both assessors in both positions. The intra-class correlation coefficient 
model (ICC3,1) and (ICC2,1) was used to analyzed reliability and control measurement 
errors. 

 
9.4 Procedures of acromial distance measurement 

Two positions of AD measurement were sitting and supine positions. The 
distance of AD distance was distance between acromion angle of scapula to the bed in 
vertical line and to the wall was measured with standard L-square ruler with water level on 
dominant arm. Data was recorded in millimeter. For AD measurement in sitting, the 
participants were asked to sit on a chair without a backrest and have a postural chart 
attached on the wall and their back and bottoms slightly against the wall. Participants 
were asked to sit in relaxed position with their arms beside the body, hips and knees 
bending 90 degrees with their feet flat on the floor. AD measurement was evaluated while 
the participants exhaled (5, 6) (Figure 8). 

AD measurement in supine position, the participants were asked to lie on the 
bed without a pillow and inhale and exhale normally. Their arms were placed over their 
abdomen with the elbows slightly flexed in order to reduce tension of the biceps brachii 
muscle (4) (Figure 9). In cases of individuals being unable to lie without a pillow, the 
participants were given a towel to support. In this position, participants were assessed by 
research assistant and the participant’s AD was measured 2 times for each position. 

Participants were assessed first in sitting position and then followed by supine 
lying. The data of AD in sitting and supine positions was recorded independently on a 
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form by the researcher and research assistant and each palpated the reference point. 
The palpation was marked with a pen and removed the first measurement before the next 
measurement to prevent bias from assessors (6). 
 
 
 
 

 

Figure  8 Sitting in relaxed position (A) in anterior view, (B) lateral view, and (C) 
acromial distance measured in sitting position from superior view 
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Figure  9 Supine position was setup on the bed without a pillow (A) in superior 
view, (B) lateral view, and (C) acromial distance measured in supine position 
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9.5 Data recording 
 

 

Figure  10 Process of this study 
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10. Statistical analysis 
1. Intra and inter-rater reliability of supine and sitting position measurements was 

analyzed by intra-class correlation (ICC3, 1) and (ICC2, 1), respectively. 

2. The standard error of measurement (SEM) = SD√(1 - ICC) and minimal 
detectable change at the 95% confidence level (MDC95 ) = SEM x 1.96 x 2 was analyzed 
for the error of measurement of supine and sitting positions, respectively (5). 

3. All characteristics of participants was presented by mean and 95% confidence 
interval (95% CI) and stratified by BMI, gender, and age. 

4. Linear multiple regression analysis was used to analyze the correlation 
between the AD in supine and in sitting positions, BMI, gender, and age. Then, the 
researcher selected the parameters that show moderate to highly correlation with AD in 
supine to formulate the equation for prediction of the AD in supine position. The full model 
of multiple regression was Y (AD supine) = b0 + b1x1 (AD sitting) + b2x2 (BMI) + b3x3 

(gender) + b4x4 (age).  
Each significant personal variable and the AD in sitting position were analyzed 

to compare the strength of its effect to the AD in the supine position. As a result, 
standardized coefficient (beta) was proceeded. A higher absolute value of the beta 
coefficient was corresponding to a stronger effect to the AD in the supine position. 

5. The Bland and Altman diagram was used to assess the agreement of AD value 
in supine position with the AD value in supine from predicted equation (33, 34). The Y axis 
shows the difference between the AD value in supine and AD value in supine from 
predicted equation and the X axis indicates the average of these measurements. 
Therefore, the recommended of agreement of AD measurement is 95% of the data points 
that should line within ± 2SD of the mean difference (35). 
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CHAPTER IV  
FINDINGS 

For this study, participants were selected according to BMI, gender, and age. A 
total of 184 healthy participants (aged 18 to 53) were grouped according to BMI, gender, 
and age. By gender distribution of the overall recruited participants, the female 
participants totaled 112 (60.9%) and the male participants totaled 72 (39.1%). When 
categorizing participants by BMI groupings, male and female participants within a range 
between 18.5 to 22.9 kg/m2 totaled 54.3% and participants with a BMI equal or greater 
than 23 kg/m2 totaled 45.7%, respectively (Table 1). 

1. Characteristics of participants  
The characteristics of all participants were presented according to 2 BMI groups. 

Then, they were subcategorized by gender and age-range as presented in Table 1. For 
each BMI group, the mean, standard error, and 95% confidence interval (95%CI) were 
clarified. 

1.1 Characteristic of participants in group 1: BMI was between 18.5 to 22.9 
Kg/m2 

Female participants within this grouping were subcategorized into three aged 
groups as followed: first age-range (aged between 18 to 24 years) comprised 31 
participants. The second age-range (aged between 25 to 39 years) comprised 19 
participants and third participants age-range (aged equal or older than 40 years) 
comprised 14 participants. Therefore, the total female participants were 64. By the same 
subcategorization, male participants within this grouping were first grouping (aged 
between 18 to 24 years) comprised 12 participants. The second grouping (aged between 
25 to 39 years) comprised 10 participants and last grouping participants (aged equal or 
older than 40 years) comprised 14 participants. Thus, the total male participants were 36. 

 
 



  23 

1.2 Characteristic of participants in group 1: BMI was equal or more than 23 
Kg/m2 

As subcategorized by the same defined age-range, female participants 
within the first age-range (between 18 to 24 years) comprised 17 participants. The second 
age-range (between 25 to 39 years) comprised 15 participants and the third participants 
age-range (aged equal or older than 40 years) comprised 16 participants. In summary, 
the total female participants were 48. According to three age-range classified, male 
participants within the first grouping (aged between 18 to 24 years old) comprised 13 
participants. The second grouping (between 25 to 39 years old) comprised 10 
participants, and the last grouping participants age equal or older than 40 years 
comprised 13 participants. Summary, the total male participants were 36. 
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2. Intra and Inter-rater reliability 
The result of intra and inter-rater reliability of AD measurement in sitting and 

supine positions were excellent reliability (Table 2). Intra-rater reliability of the AD 
measurement in sitting position (from assessor W and C) ranged from ICC3,1 0.991 to 
0.999. The intra-rater reliability of the AD measurement in supine position (from assessor 
V, CH, and C) ranged between ICC3,1 0.991 to 0.999. In addition to the result of inter-rater 
reliability between each assessor of the AD measurement in sitting position (from assessor 
W and C) ranged from ICC2,1 0.954 to 0.997. The intra-rater reliability of the AD 
measurement in supine position (from assessor V, CH, and C) ranged between ICC2,1 

0.998 to 0.999. 
 

Table  2 Intra and Inter-rater reliability (ICC), Standard error of measurement (SEM), and 
Minimal detectable change of 95% (MDC95%) 

 Assessor ICC 95%CI SEM (mm) MDC95% (mm) 
Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Intra-rater reliability (ICC3,1) 
Sitting W 0.998 0.991 0.999 0.34 1.33 0.95 3.70 

C 0.998 0.992 0.999 0.30 1.15 0.83 3.20 
Supine C 0.999 0.997 0.999 0.43 0.43 0.20 1.20 

V 0.999 0.996 0.999 0.44 0.44 0.22 1.22 
CH 0.999 0.999 0.999 0.44 0.44 0.21 1.21 

Inter-rater reliability (ICC2,1) 
Sitting W, C 0.989 0.954 0.997 0.74 2.88 2.04 7.99 
Supine C, V, CH 0.999 0.998 0.999 0.42 0.66 1.17 1.83 

ICC: Intra-class Correlation Coefficient; 95%CI: 95% Confidence Interval; SEM: 
Standard error of measurement; MDC95%: Minimal detectable change of 95 
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3. The average of AD measurement in sitting and supine positions 
3.1 The AD in sitting position: comparison of AD between age groups and BMI 

groups 
3.1.1 Female participants in BMI group 1 (a range of BMI between 18.5 to 

22.9 kg/m2) 
The average AD in the sitting position was 69.8 mm (95%CI: 64.9 to 74.6), 

for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the sitting 
position were equal to 68.5 mm (95%CI: 62.0 to 74.9) and 66.3 mm (95%CI: 64.0 to 68.6), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the sitting position between all 3 age groups of this BMI group (Table 3). 

 
3.1.2 Male participants of BMI group 1 (a range of BMI between 18.5 to 

22.9 kg/m2) 
The average AD in the sitting position was 74.8 mm (95%CI: 68.0 to 81.6), 

for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the sitting 
position were equal to 65.4 mm (95%CI: 59.0 to 71.7) and 72.8 mm (95%CI: 70.5 to 75.0), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the sitting position between all 3 age groups of this BMI group (Table 3). 

 
3.1.3 Female participants of BMI group 2 (a range of BMI was equal to or 

more than 23 kg/m2) 
The average AD in the sitting position was 79.7 mm (95%CI: 73.3 to 86.2), 

for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the sitting 
position were equal to 76.1 mm (95%CI: 64.7 to 87.5) and 90.6 mm (95%CI: 83.6 to 97.5), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the sitting position between all 3 age groups of this BMI group (Table 3). 
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3.1.4 Male participants of BMI group 2 (a range of BMI was equal to or 
more than 23 kg/m2) 

The average AD in the sitting position was 86.0 mm (95%CI: 78.1 to 93.9), 
for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the sitting 
position were equal to 80.3 mm (95%CI: 69.6 to 90.9) and 86.8 mm (95%CI: 82.1 to 91.5), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the sitting position between all 3 age groups of this BMI group (Table 3). 

 
3.1.5 Effect of the interaction between gender, age-range, and BMI in 

sitting position 
This study’s results showed no statistical significant difference of the 

average of AD between the gender of sitting position. As BMI groups were taken into a 
factor in this position, the average of AD obtained between the group of BMI 1 and 2 was 
notified of statistical significant difference (Table 3; total of BMI group 1 compared with 
BMI group 2 e). Accounting for the effect of age groups on BMI groups, the average of AD 
was statistically significant difference only of the age group 3 (Table 3; females in age 
group 3; BMI group 1 compared with BMI group 2 a, male in age group 3; BMI group 1 
compared with BMI group 2 b). The same notified differences were found in both females 
and males (Table 3; females in age group 3; BMI group 1 compared with BMI group 2 a, 
male in age group 3; BMI group 1 compared with BMI group 2 b). 
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3.2 The AD in supine position: comparison of AD between age groups and 
BMI groups 

3.2.1 Female participants of BMI group 1 (a range between 18.5 to 22.9 
kg/m2) 

The average AD in the supine position was 38.7 mm (95%CI: 34.5 to 43.0), 
for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the supine 
position were equal to 41.8 mm (95%CI: 37.8 to 45.7) and 45.9 mm (95%CI: 42.5 to 49.2), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the supine position between all 3 age groups of this BMI group (Table 
4). 

 
3.2.2 Male participants BMI group 1 (a range between 18.5 to 22.9 kg/m2) 

The average AD in the supine position was 44.8 mm (95%CI: 37.2 to 52.4), 
for the participants of the age group 1 (aged between 18 to 24 years).  Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the supine 
position were equal to 45.7 mm (95%CI: 39.2 to 52.2) and 52.0 mm (95%CI: 47.5 to 56.5), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the supine position between all 3 age groups of this BMI group (Table 
4). 

 
3.2.3 Female participants of BMI group 2 (a range of BMI was equal to or 

more than 23 kg/m2) 
The average AD in the supine position was 54.2 mm (95%CI: 47.2 to 61.2), 

for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the supine 
position were equal to 52.3 mm (95%CI: 44.0 to 60.6) and 64.3 mm (95%CI: 57.8 to 70.7), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the supine position between all 3 age groups of this BMI group (Table 
4). 
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3.2.4 Male participants of BMI group 2 (a range of BMI was equal to or 

more than 23 kg/m2) 
The average AD in the supine position was 61.3 mm (95%CI: 55.4 to 67.1), 

for the participants of the age group 1 (aged between 18 to 24 years). Comparison to the 
average AD of the participants in the age group 2 and 3, the average of AD in the supine 
position were equal to 62.1 mm (95%CI: 52.8 to 71.3) and 62.5 mm (95%CI: 56.3 to 68.7), 
respectively. The data showed that there was no statistically significant difference of the 
average of AD in the supine position between all 3 age groups of this BMI group (Table 
4). 

 
3.2.5 Effect of the interaction between age and BMI in supine position  

This study’s results showed no statistical significant difference of the 
average of AD between the gender of supine position. When effect by BMI groups were 
analyzed, the average of AD obtained between the group of BMI 1 and 2 in this position 
was notified of statistical significant difference (Table 4; total of BMI group 1 compared 
with BMI group 2 g). Furthermore, BMI groups were compared by accounting the effect of 
age groups, the difference was found to be statistically significant difference only that of 
the age group 1. In addition, both females and males also revealed the same statistical 
significance difference of the average of AD in the same analysis (Table 4; females in age 
groups 1; BMI group 1 compared with BMI group 2 a, males in age groups 1; BMI group 
1 compared with BMI group 2 b). Males in age group 2 showed a statistical significant 
difference noticed between BMI groups (Table 4; males in age group 2; BMI group 1 
compared with BMI group 2 c). While females in age group 3, averaged an AD with a 
statistical significant difference as compared between the group of BMI 1 and 2 (Table 4; 
females in age group 3; BMI group 1 compared with BMI group 2 d). 

4. Effect of age groups on the average of AD  
In sitting position, age groups were analyzed as confounding factors on BMI 

groups. The results presented a statistically significant difference of all age groups (Table 
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3; females of total of 3 age groups; BMI group 1 compared with BMI group 2 c; males of 
total of 3 age groups; BMI group 1 compared with BMI group 2 d). The trend of statistically 
significant differences of all age groups also found in the supine position (Table 4; females 
of total of 3 age groups; BMI group 1 compared with BMI group 2 e; males total of 3 age 
groups; BMI group 1 compared with BMI group 2 f). 
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5. Prediction of the AD in supine by the AD in sitting and personal factors (BMI, gender, 
and age) 

By multiple regression analysis, the AD in sitting, BMI, gender, and age were 
utilized as independent variables to predict the AD in the supine position (Table 5). The 
resulting equation was AD in supine position = -2.800 + 0.553 (AD in sitting) + 7.149 (BMI 
group) + 3.868 (gender) + 0.216 (age). The adjusted R2 was 0.629. Thus, all included 
variables of this model suited to predict 62.9% of the changes of AD in supine (p<0.001). 
Furthermore, the relationship of each variable was statistically significant and in the same 
positive direction. The effect of each factor on the change of AD in supine was equal to 
the value of its coefficient in the circumstance that other variables were fixed constant. An 
example for utilizing this model can interpret the result as follows: in the case of AD in 
sitting increased 1 mm, the AD in supine was increased 0.553 mm (when BMI, age, and 
gender were constant). 

In case of BMI was categorized as group 1 (group 0 was BMI = 18.5 to 22.9 

kg/m2 and group 1 was BMI ≥ 23.0 kg/m2), its affected an increase of 7.149 mm of AD in 
supine (when AD in sitting, age, and gender were constant; p<0.001). Moreover, in this 
model, when female was categorized as 0 and male was categorized to be 1. Gender 
conditions had an effect in the AD in supine and resulted in an increase of 3.868 mm of 
the AD (when AD in sitting, BMI and gender were constant; p<0.003). The correlation 
between advancing age and an increase in AD in the supine position was observable. 
The AD in supine increased at 0.216 mm, when BMI and gender were constant (p<0.001) 
(Table 5). An absolute value of standardized coefficient (beta) was highest for the AD in 
sitting position. Its shared 57.3% contribution on AD in supine position. Accordingly, the 
absolute value of beta of the BMI groups, age, and gender variables were lower in 
respectively. Contribution of BMI groups, age, and gender on AD in the supine position 
was that BMI groups shared 25.6%, age shared 16.1% and gender shared 13.6% (Table 
5). 
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Table  5 Multiple regression analysis for predicting the association of AD in supine and 
AD in sitting on the effect of personal factors: BMI, gender, and age 

AD in supine (mm) Coefficient 95%CI Standardized 
coefficient 

(beta) 

Adjusted R2 

Lower 
bound 

Upper 
bound 

AD in sitting (mm) 0.553 0.455 0.651 0.573 0.629 
BMI group 7.149 4.322 9.976 0.256  
Gender (F/M) 3.868 1.295 6.440 0.136  
Age (year) 0.216 0.095 0.337 0.161  
Constant -2.800 -10.454 4.854   

The multiple regression model was Y(AD supine) = b0 + b1x1 (AD sitting) + b2x2 

(BMI) + b3x3 (gender) + b4x4 (age). Gender factor was based-on F – female and BMI group 
was based-on BMI = 18.5 to 22.9 kg/m2 

Abbreviations: AD - acromial distance; BMI – body mass index; 95%CI: 95% 
Confidence Interval; and mm – millimeter; F – female and M – male. 
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6. Bland and Altman diagram 
Bland and Altman conducted an analysis of the differences between 2 delivered 

AD (AD from measured in the supine position and the predicted AD in supine from multiple 
regression model). The scatter plot between AD calculated from multiple regression (X 
axis) and AD in supine position (Y axis) showed a linear correlation (Figure 11). 
 

 

Figure  11 Scatter plot between AD calculated from multiple regression (X 
axis) and AD in supine position (Y axis) 

The Bland and Altman analysis was clarified (Table 6). The agreement between 
the measured AD in supine and the AD from the predicted equation were plotted (Figure 
14). The result showed that most of the difference values were in the range of 95%CI of 
upper and lower line of limit of agreement. 

By the multiple regression model, Y (AD supine) was calculated from b0 + b1x1 

(AD sitting) + b2x2 (BMI) + b3x3 (gender) + b4x4 (age). The result was AD in supine position 
= -2.800 + 0.553 (AD in sitting) + 7.149 (BMI group) + 3.868 (gender) + 0.216 (age). For 
example: if a female participant was 22 years old, BMI was 18.83 kg/m2 or was in BMI 
group 0 and the measured AD in sitting was 41.5 mm. The calculated AD in supine 
position from the predicted equation was 24.9 mm (calculated from AD in supine position 
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=-2.800 + (0.553 *41.5) + (7.149 *0) + (3.868 *0) + (0.216*22)). As compared to the actual 
measurement AD in supine position that was 22.0 mm. Thus, the difference between the 
predicted AD and the measured AD was 2.9 mm. 

Table  6 Data for Bland and Altman analysis 

Variable Subject 
(n) 

Mean Standard 
deviation 

(SD) 

Min Max 

AD in supine position from 
measured (mm) 

184 50.67 13.97 20.00 85.00 

AD in supine position from 
predicted form multiple 
regression model (mm) 

184 50.67 11.14 21.62 82.54 

Mean Difference of two methods 
(mm) 

184 3.77x10-6 8.42 -24.97 18.47 

Mean of two methods (mm) 184 50.67 11.91 23.45 83.77 
Upper limit of agreement (mm) 0.000037+(1.96*8.42) = 16.50 
Lower limit of agreement (mm) 0.000037-(1.96*8.42) = -16.50 

Abbreviations: AD - acromial distance; mm - millimeter 
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Figure  12 Bland and Altman plot for data from table 5, with the representation 
of the limits of agreement (green line), from -1.96SD to +1.96SD 
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CHAPTER V  
DISCUSSION AND CONCLUSION 

1. Discussion 
1.1 Assessing muscle length of pectoralis minor by AD and applicable method 

for clinical evaluation 
This research studied the assessment of muscle length of pectoralis minor 

because of pectoralis minor tightness caused the change of scapula movement in anterior 
tilt, internal rotation and downward rotation (14-16). This muscle initiated the decrease of 
subacromial space, caused shoulder pain or restricted arm movement (3). The 
measurement of muscle length of pectoralis minor by AD measurement (the distance line 
between acromion angle and wall (5, 26) or examination table) (4) was an appropriate 
method for clinical evaluation in both males and females. According to this method, it was 
applied without having to open the pectoral area. Furthermore, the method was approved 
for reliability and accuracy in both sitting and supine (6). In this study, we also found that 
there was an excellent intra-rater reliability (ICC3,1 0.991 to 0.999), inter-rater reliability 
(ICC2,1 0.954 to 0.997) of the AD measurement in the sitting position. There was an 
excellent intra-rater (ICC3,1 0.996 to 0.999) and inter-rater reliability (ICC2,1 0.998 to 0.999) 
of the AD measurement in the supine position, respectively. Concurrent to the previous 
study which showed the excellent intra-rater reliability (ICC3,1 0.92 to 0.97) of the AD 
measurement in supine (8). Moreover, the prior research presented the inter-rater 
reliability of the AD measurement in supine position (ICC2,1 =0.91) (29).  

This study confirmed the AD measurement has a good reliability of avoiding 
measurement errors. The maximal value of MDC95% of the AD in sitting observed during 
this study was 3.70 mm and the standard error of the measurement (SEM) was 1.33 mm. 
The maximal value of MDC95% of the AD in supine was 1.22 mm, and the SEM of the AD 
in supine is 0.44 mm, respectively. However, both the AD measurement in supine and 
sitting had more standard error, the MDC95% and SEM than Temprom et al., study (6). 
These may be the consequence from participants in this study being recruited from a 
wider range of BMI. The range of BMI was between 19.8 to 32.8 kg/m2 in females and was 
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between 20.6 to 28.9 kg/m2 in males. The wider the range of BMI may result in acromial 
angles being more difficult to palpate. 

The results of this study were reliable and there were no confounding factors. 
Individuals who exhibited thoracic hyperkyphosis were considered for exclusion within 
this study. The method utilized to determine the condition involved measuring height for 
use in the calculation of BMI. Inconsistencies are attributed to incorrect BMI levels if the 
thoracic hyperkyphosis condition is not considered. This conclusion is supported by the 
previous study focusing on mistaken BMI segmentation due to the thoracic hyperkyphosis 
in elderly people (36). 

 
1.2 Effect of positions on AD measurement  

The effect of positions on the AD measurement may affect the scapula 
alignment. In the sitting position, the scapula is pulled slightly forward of normal alignment 
(27). Then, resulting in an increase of the AD measured in siting position than measured 
in supine position. This was corresponded with a previous study (6). 

 
1.3 Personal factors: effective predictors of AD in the supine position from AD 

in the sitting position 
For male participants in both BMI groups, the mean of AD measured in both 

the sitting and supine positions had higher distance when compared with female 
participants (Table 3, 4). This data corresponded with the previous studies which revealed 
difference of anthropometry between females and males. For instance, the male physical 
structure has larger chest circumference when compared to female participants in the 
same age and BMI (7, 37-39). Furthermore, the increase of the chest area was also 
associated with increased BMI (18). The association was more emphasized by this study’s 
result that females had more likely significantly lower AD in sitting than male. This trend of 
observation was also presented in supine position too. 

For participants with higher BMI, the assessment of AD in sitting (upright) may 
cause the center of pressure to move forward more than normal alignment (40) leading to 
increased forward shoulder posture. Additionally, there is a relationship between an 
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increase of forward shoulder posture (FSP), forward head posture (FHP), and thoracic 
kyphosis (41). However, there was a tightness reported in the muscles of the shoulder 
and neck due to the increase of forward head posture coupled with a decrease of cervico-
vertebral angle or CVA (42, 43). These factors may encourage the participants who had 
higher BMI to exhibit an increased FSP. The more sustaining in FSP may relate to a 
progression of muscle shortening (41). This observation primarily presented in the 
pectoralis minor muscle length of this study’s result. More than association of AD in two 
positions and BMI, the obtained data also found that both BMI and age were factors that 
related in the same direction. The correlation between an increase in acromial distance 
and pectoralis minor tightness were supported by the previous studies. The previous 
study recommended that BMI and age correlate in the same direction; however, there 
was a relationship with the decrease of CVA resulting in an increase of muscle tightness 
and a decrease of muscle elasticity (42). 

 
1.4 Sample size requirement  

Additional to AD in sitting, this study intended to clarify the effect of personal 
factors on AD in the supine position. Therefore, participants were recruited to accomplish 
personal factors in the division of subgroups. Referencing the sample size calculation, the 
total participants were at least 120 participants. In this study, the gender discrepancy 
between the individuals in this study is attributed to the availability of participants that 
comprised more female than male individuals. However, this study accomplished to 
recruit at least 10 participants for each subgroup. In addition, the increase in the total 
number of participants to 184 participants resulted in an increase in the power of this 

study to 0.90. Compared to the initially anticipated Power (1-β err prob) 0.80. As a result, 
the number of sample size was enough for proving the effect of personal factors on AD. 
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1.5 The integrated effect of personal factors (BMI, gender, and age) in the 
multiple regression model: prediction of the AD in supine by the AD in sitting position  

Based-on the hypothesis of this study, personal factors such as BMI, gender, 
and age were additional effective predictors of AD in the supine position from AD in the 
sitting position. Therefore, these personal factors were included in the multiple regression 
equation and were analyzed by specific group factoring BMI. The participants were 
separated into 2 groups consisting of the “0” BMI group (18.9 to 22.5 kg/m2) and the “1” 
BMI group (≥ 23.0 kg/m2). Gender coded as “zero” was female participants and “one” 
was male participants. The code corresponded to the correlation of chest circumference 
and increased age regarding BMI (7, 42). Since, there was no clearly result of previous 
studies revealed the effect from age. Thus, age factor was added as a continuous variable 
in multiple regression analysis. The full model for prediction of AD in supine increased the 
predictability of AD in supine from 41.4% (the previous study of Temprom et al., 2019) (6) 
to 62.9%.  

The integrated effect of BMI, gender, and age on AD in both positions were 
summarized in the following:  

1. The statistically significant differences of AD found in both genders and 
were specific to some range of 3 age groups. 

2. AD in the supine position of participants of BMI group 1 and 2 
presented a lower distance in the younger age range (age group 1 and 2) than the oldest 
age range (age group 3). These trends were presented in both genders.  

3. AD in the supine position of participants of BMI group 2 presented a 
higher distance than BMI group 1. Especially in age group 3, the difference was also 
statistically significant and found in females.  

4. In both genders, the AD showed no statistically significant difference 
either in supine or in sitting position. 

The interaction between AD in sitting, BMI group, gender, or age shown no 
significant effect on the multiple regression model. Thus, the application of multiple 
regression model was AD in supine position = -2.800 + 0.553 (AD in sitting) + 7.149 (BMI 
group) + 3.868 (gender) + 0.216 (age). This model suited to predict 62.9% of the changes 
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of AD in supine (p<0.001). Additionally, the most relevant factor for the change of AD in 
the supine position was the measurement of AD in the sitting position (Beta =0.573), 
followed by BMI (Beta =0.256), age (Beta =0.161), and gender (Beta =0.136), 
respectively. Every change of these independent variables increases the AD in supine. 
For example, if the AD in sitting increased 1 mm, AD in supine increased 0.553 mm or the 
BMI changed from group 0 to BMI group 1 increased the AD in supine 7.149 mm. 

The effect of BMI on the prediction of AD values in supine had also mentioned 
from Temprom et al., 2019 (6). As a result of this study, all independent variables had a 
statistically significant effect on the change of AD in the supine position. This study 
emphasized that personal factors were additional effective predictors of AD in the supine 
position from AD in the sitting position.  

2. Conclusion 
Factoring the previous multiple regression equation, the researchers recommend 

that the personal factors such as BMI, gender, and age could increase the accuracy of 
predicting AD in supine position. These confounding factors were considered for the 
evaluation of pectoralis minor muscle length by the AD measurement in supine and sitting 
positions. BMI was the important variable which correlates with the other variables such 
as gender and age resulting in changes to AD in sitting and supine positions. Therefore, 
this result can clearly answer the purpose and supported the hypothesis of this study. 

In conclusion, the evaluation of pectoralis minor muscle length by the AD 
measurement could be used in the clinical practice. The AD in sitting was considered to 
be the main factor for prediction AD in supine. However, personal factors that affect 
changes in AD measurement could be utilized to aid in the prediction of AD in the supine 
position from the sitting position. Both AD in sitting and personal factors accounted for 
predictability of AD in the supine position of 62.9%. 
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3. Limitation of this study  
This study provided research and data to be utilized in assessing the pectoralis 

minor length under the personal factors; however, there were some limitations within this 
study. 

The participants were assessed before for the AD measurement in the sitting and 
then followed by the AD measurement in the supine position. The assessors were required 
to control the time in which AD measurements were obtained. All participants of this study 
were faculty, employees, and students from Saint Louis College. Obtaining and collection 
of data was contingent on the number of the participants and cooperation from volunteers. 
The methodology of the collection of data within this study; however, obtaining the 
measurement of AD in the sitting position before supine position resulted in no noticeable 
change resulting from gravity, the stretched muscle and scapula were not fixed and 
therefore unaffected. Future studies would evaluate the effectiveness of techniques 
involving increased stretching the pectoralis minor muscle and evaluate new methods 
such as the randomization of the measured position. 

In this researcher’s opinion would like to suggest for the further study to add 
some factors which should be considered and require additional study are 
musculoskeletal discomfort due to their long time exposures in the workstation and 
occupational stress factors. These two factors can be attributed to the increase in a higher 
BMI of individuals working in an office environment such as working on a computer while 
at a desk (44). 

4. Benefit of this study 
Assessment of pectoralis minor muscle’s length by utilizing the AD 

measurements should take personal factors into account. In consequence of the actual 
AD and the predictable AD in the supine position had 94.56% agreement from Bland and 
Altman analysis. The AD values delivered from the multiple regression equation is an 
appropriated method to predict the AD from the actual measurement. Based-on the 
confirmed relation between assessment of the AD in different positions. Clinicians may 
effectively evaluate, assignment or setup early preventive planning for reducing risk 
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factors of shoulder pain associated to pectoralis minor muscle tightness in clinical 
circumstances. 
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เอกสารชีแ้จงผู้เข้าร่วมการวิจัย (Participant Information Sheet) 
ในเอกสารนี ้อาจมีข้อความท่ีท่านอ่านแล้วยังไม่เข้าใจ โปรดสอบถามหัวหน้า

โครงการวิจยัหรือผูแ้ทนใหช้่วยอธิบายจนกวา่จะเขา้ใจดี ทา่นอาจจะขอเอกสารนีก้ลบัไปอ่านท่ีบา้น
เพ่ือปรกึษา หารือกบัญาติพ่ีนอ้ง เพ่ือนสนิท แพทยป์ระจ าตวัของท่าน หรือแพทยท์่านอ่ืน เพ่ือช่วย
ในการตดัสินใจเขา้รว่มการวิจยั 

ชื่อโครงการวิจัย 
อิทธิพลของปัจจยับคุคลท่ีมีผลตอ่ความแม่นย าของการท านายค่าระยะห่างของไหล่

ในทา่นอน 
ชื่อหัวหน้าโครงการวิจัย 

นางสาววลีรตัน ์สนัสี 
สถานทีว่ิจัย 

วิทยาลยัเซนตห์ลยุส ์กรุงเทพมหานคร ประเทศไทย 
สถานที่ท างานและหมายเลขโทรศัพทข์องหัวหน้าโครงการวิจัยทีต่่อได้ท้ังในและ

นอกเวลาราชการ 
สถานท่ีติดต่อ คณะกายภาพบ าบัด วิทยาลัยเซนตห์ลุยส ์เลขท่ี 19 ถนนสาทรใต ้

แขวงยานนาวา เขตสาทร กรุงเทพมหานคร 10120 หมายเลขโทรศพัท ์092-5989965 
ผู้สนับสนุนทุนวิจัย 

“ไมมี่” 
ระยะเวลาในการวิจัย 

กรกฏาคม 2562 ถึง กรกฏาคม 2563 รวมเวลา 12 เดือน หรือจนกวา่อาสาสมคัรครบ
จ านวน 

โครงการวิจัยนีท้ าขึน้เพือ่ 
การศกึษานีมี้วตัถปุระสงคเ์พ่ือวิเคราะหผ์ลของปัจจยับคุคลท่ีประกอบดว้ย ดชันีมวล

กาย อายแุละเพศ ตอ่ความแมน่ย าของการท านายคา่ระยะห่างของไหล ่ในทา่นอนจากทา่นั่ง 
ประโยชนท์ีค่าดว่าจะได้รับจากการวิจัย  

ท่านจะไดร้ับการตรวจประเมินร่างกายเบือ้งตน้เก่ียวกับ ภาวะกระดูกสันหลังคด 
ภาวะหลงัคอ่ม และความยาวของกลา้มเนือ้หนา้อกมดัเล็ก รวมถึงท่านจะได้รบัค าแนะน าใหด้แูล 
ตนเองเพ่ือป้องกันผลจากภาวะกระดูกสันหลังคด ภาวะหลังค่อม และความตึงของกลา้มเนือ้
หนา้อกมดัเล็ก 
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การวิจยัครัง้นีส้ามารถประเมินความยาวของกลา้มเนือ้กลา้มเนือ้หนา้อกมดัเล็กดว้ย
การวดัระยะห่างของไหล่ ภายใตผ้ลของปัจจยับคุคล คือ ดชันีมวลกาย อาย ุและเพศ และท านาย
ระยะห่างของไหล่  ทั้งในท่านอนหงายจากท่านั่ ง ซึ่งสามารถน าไปประยุกต์ใช้เป็นข้อมูล
ประกอบการวิเคราะห์ความเช่ือมโยงระหว่างระยะห่างของไหล่ ในท่าท่ีแตกต่างกันและการ
ประเมินผลของการรกัษาผูท่ี้มีปัญหาการเคล่ือนไหวของแขนจากความตงึตวัของกลา้มเนือ้หนา้อก
มดัเล็กไดใ้นทางคลินิกตอ่ไป 

ท่านได้รับเชิญให้เข้าร่วมการวิจัยนีเ้พราะ 
มีคณุสมบตัติรงตามเกณฑก์ารคดัเขา้ของงานวิจยั คือ 

1. เพศชายหรือเพศหญิง 
2. มีอายเุทา่กบัหรือมากกวา่ 18 ปีขึน้ไป 
3. มีดชันีมวลกายอยู่ในช่วงปกติ (18.5-22.9 กิโลกรมัต่อเมตร2) หรือมากกว่า

ปกต ิ(เทา่กบัหรือมากกวา่ 23.0 กิโลกรมัตอ่เมตร2) 
4. ไม่เคยมีประวตัิการแตกหรือหกับริเวณ กระดกูไหปลารา้ กระดกูสะบกั และ

กระดกูตน้แขน หรือเคยไดร้บัการผา่ตดับรเิวณล าตวัส่วนบน 
5. สามารถเคล่ือนไหวของข้อต่อทุกข้อภายในแขนและคอได้เต็มช่วงการ

เคล่ือนไหวโดยไมมี่อาการปวด 
จะมีผูเ้ขา้ร่วมการวิจัยนีท้ัง้สิน้ประมาณ อาสาสมคัรจะถูกแบ่งตามอายุออกเป็น 3 

กลุ่ม คือ อายุ 18-24 ปี อายุ 25-39 ปี และ อายุมากกว่า 40 ปีขึน้ไป แบ่งตามดัชนีมวลกาย 
ออกเป็น 2 กลุ่ม คือ ดชันีมวลกาย 18.5-22.9 กิโลกรมัต่อเมตร2 และ ดชันีมวลกาย เท่ากับหรือ
มากกว่า 23 กิโลกรมัตอ่เมตร2 โดยแตล่ะกลุ่มจะประกอบไปดว้ยเพศชายและหญิง จะไดก้ลุ่มของ
อาสาสมคัรทัง้หมด 12 กลุม่ กลุม่ละ 10 คน รวมทัง้หมด 120 คน 

หากท่านตัดสินใจเข้าร่วมการวิจัยแล้ว จะมีข้ันตอนการวิจัยดังต่อไปนีค้ือ 
1. ผูว้ิจยัอธิบายวตัถปุระสงคข์องงานวิจยั ทา่นเปล่ียนเสือ้ปฏิบตัิการท่ีผูว้ิจยัเตรียมไว ้

เพ่ือสะดวกต่อการคดักรองและประเมินร่างกายก่อนเขา้ร่วมงานวิจยั ท่านไดร้บัการวัดน า้หนัก 
ส่วนสูง ช่วงการเคล่ือนไหวของขอ้ไหล่โดยผูว้ิจยั ประเมินภาวะกระดกูสนัหลงัคดและภาวะหลัง
คอ่มโดยผูช้ว่ยวิจยั และลงนามยินยอมเขา้รว่มงานวิจยั 

2. ท่านท าตามท่ีผูว้ิจยัและผูช้่วยวิจยับอกทกุขัน้ตอนในระหว่างการวดัระยะห่างของ
ไหล่ ท่านจะไดร้บัการวดัระยะห่างของไหล่ 2 ท่า คือ ท่านั่งจะวดัโดยผูว้ิจยั ในท่านอนหงายปกติ
และท่านอนหงายโดยใหท้่านเป็นผู้กดสะบกัติดเตียง ในท่านีว้ดัโดยผูช้่วยวิจยั ตามล าดบั อปุกรณ์
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การวดัใชไ้มฉ้ากท่ีตดิระดบัน า้ แตล่ะทา่วดัจ านวน 2 ครัง้ วดัเฉพาะแขนขา้งถนดั ใชเ้วลาทัง้หมดใน
การวดัทัง้สองทา่ไมเ่กิน 10 นาที ถือเป็นสิน้สดุการเขา้รว่มวิจยั 

3. การเผยแพร่ผลงานวิจัยจะไม่ปรากฏขอ้มูลท่ีสามารถระบุตวัตนของท่าน ขอ้มูล
ส่วนตวัทัง้หมดของท่านจะถกูเก็บรกัษาเป็นความลบัและท าลายทิง้หลงัจากเสร็จสิน้การเผยแพร่
ผลงานวิจยัโดยผูว้ิจยัจะเป็นผูล้บขอ้มลูทัง้หมดจากคอมพิวเตอรด์ว้ยตนเอง 

ความเส่ียงทีอ่าจจะเกิดขึน้เมื่อเข้าร่วมการวิจัย  
การวดัระยะห่างของไหล่ ในท่านั่งและท่านอนหงายโดยไม่หนุนหมอน โดยทั่วไปมี

ความปลอดภยั ไม่มีภาวะแทรกซอ้นเกิดขึน้ หากท่านรูส้ึกเม่ือยขณะท่ีท าการวดัระยะห่างของไหล่
ในท่านั่งจะใหป้รบัเปล่ียนท่าทางจนความรูส้ึกเม่ือยนัน้หมดไป และในท่านอนหากท่านรูส้ึกไม่
สบายขณะท่ีนอนหงายโดยไม่หนุนหมอนจะใหห้นนุหมอนหรือใชผ้า้ขนหนูมว้นรองบริเวณคอจน
ความรูส้กึไมส่บายนัน้หมดไป 

หากท่านไม่เข้าร่วมในโครงการวิจัยนี ้จะไม่มีผลกระทบต่อหน้าทีก่ารปฏิบัตงิาน
ใดๆ ของท่าน หรือส่งผลกระทบต่อการเรียนการสอน การประเมินผลการเรียนของนิสิต
แต่อย่างใด หากมีข้อข้องใจทีจ่ะสอบถามเกี่ยวข้องกับการวิจัย หรือหากเกิดผลข้างเคียงที่
ไม่พงึประสงคจ์ากการวิจัย ท่านสามารถตดิต่อ 

นางสาววลีรตัน ์สนัสี สถานท่ีติดตอ่ คณะกายภาพบ าบดั วิทยาลยัเซนตห์ลยุส ์เลขท่ี 
19 ถนนสาทรใต ้ยานนาวา สาทร กรุงเทพมหานคร 10120 หมายเลขโทรศพัทท่ี์สามารถติดตอ่ได้
ในกรณีฉกุเฉิน 092-5989965 

ประโยชนท์ีค่ิดว่าจะได้รับจากการวิจัย  
ท่านจะไดร้ับการตรวจประเมินร่างกายเบือ้งตน้เก่ียวกับ ภาวะกระดูกสันหลังคด 

ภาวะหลงัคอ่ม และความยาวของกลา้มเนือ้หนา้อกมดัเล็ก รวมถึงท่านจะได้รบัค าแนะน าใหด้แูล
ตนเองเพ่ือป้องกันผลจากภาวะกระดูกสันหลังคด ภาวะหลังค่อม และความตึงของกลา้มเนือ้
หนา้อกมดัเล็ก  

ค่าตอบแทนทีผู้่เข้าร่วมการวิจัยจะได้รับ 
“ไมมี่” 

ค่าใช้จ่ายทีผู้่เข้าร่วมการวิจัยจะต้องรับผิดชอบเอง 
“ไมมี่” 

หากมีข้อมูลเพิม่เตมิท้ังด้านประโยชนแ์ละโทษทีเ่กี่ยวข้องกับการวิจัยนี ้ผู้วิจัย
จะแจ้งให้ทราบโดยรวดเร็วและไม่ปิดบัง 
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ข้อมูลส่วนตัวของผู้เข้าร่วมการวิจัย จะถูกเก็บรักษาไว้โดยไม่เปิดเผยต่อ
สาธารณะเป็นราย บุคคล แต่จะรายงาน ผลการวิจัยเป็นข้อมูลส่วนรวมโดยไม่สามารถ
ระบุข้อมูลรายบุคคลได้ ข้อมูลของผู้เข้าร่วมการวิจัยเป็นรายบุคคล อาจมีคณะบุคคลบาง
กลุ่มเข้ามาตรวจสอบได้ เช่น ผู้ให้ทุนวิจัย สถาบัน หรือองคก์รของรัฐทีม่ีหน้าทีต่รวจสอบ 
รวมถงึคณะกรรมการ จริยธรรมการวิจัยในคนมีหน้าทีต่รวจสอบได้ 

ท่านมีสิทธิ์ถอนตัวออกจากโครงการวิจัยเมื่อใดก็ได้ โดยไม่ต้องแจ้งให้ทราบ
ล่วงหน้า และการไม่เข้าร่วมการวิจัย หรือถอนตัวออกจากโครงการวิจัยนี ้จะไม่มี
ผลกระทบต่อหน้าทีก่ารปฏิบัตงิานใดๆ ของท่าน หรือส่งผลกระทบต่อการเรียนการสอน 
การประเมินผลการเรียนของนิสิต ท่านมีสิทธิ์ทีจ่ะไม่เข้าร่วมการวิจัยก็ได้โดยไม่ต้องแจ้ง
เหตุผล 

หากท่านได้รับการปฏิบัติทีไ่ม่ตรงตามทีไ่ด้ระบุไว้ในเอกสารชีแ้จงนี ้ท่านสามารถ
แจ้งให้ประธานคณะกรรมการจริยธรรมการวิจัยในคนทราบได้ที ่ส านักงานคณะกรรมการ
จริยธรรมการวิจัยในมนุษย ์สถาบันยุทธศาสตรท์างปัญญาและวิจัย อาคารศาสตราจารย ์
ดร.สาโรช บัวศรี ช้ัน 20 โทร (02) 649-5000 ต่อ 11019 โทรสาร: (02) 259-1822 

 
 
 
ลงช่ือ...................................................ผูเ้ขา้รว่มโครงการวิจยั 

(......................................................) 
วนัท่ี............................................... 
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หนังสือให้ความยินยอมเข้าร่วมในโครงการวิจัย (Informed Consent Form) 
 

วนัท่ี……………....….….………… 
ข้าพเจ้า…………………………….......….อายุ……….…ปี อยู่บ้านเลขท่ี………….

ถนน………...................หมู่ท่ี…………............แขวง/ต าบล………………..….……...........…....
เขต/อ าเภอ…..………….....………................จงัหวดั………….............................................
โทรศพัท.์............................................ 

ขอท าหนังสือนีใ้ห้ไว้ต่อหัวหน้าโครงการวิจัยเพือ่เป็นหลักฐานแสดงว่า 
ข้อ  1. ข้าพเจ้า  ได้รับทราบโครงการวิจัยของ นางสาววลีรัตน์ สัน สี  คณะ

กายภาพบ าบดั มหาวิทยาลยัศรีนครนิทรวิโรฒ 
เรื่อง อิทธิพลของปัจจยับคุคลท่ีมีผลตอ่ความแมน่ย าของการท านายคา่ระยะห่างของ

ไหลใ่นทา่นอน 
ขอ้ 2. ขา้พเจา้ ยินยอมเขา้รว่มโครงการวิจยันีด้ว้ยความสมคัรใจ โดยมิไดมี้การบงัคบั

ขูเ่ข็ญ หลอกลวงแตป่ระการใด และจะใหค้วามรว่มมือในการวิจยัทกุประการ 
ขอ้ 3. ขา้พเจา้ ไดร้บัการอธิบายจากผูว้ิจยัเก่ียวกบัวตัถปุระสงคข์องการวิจยั วิธีการ

วิจยั ประสิทธิภาพ ความปลอดภยั อาการหรืออนัตรายท่ีอาจเกิดขึน้ รวมทัง้แนวทางปอ้งกนั และ
แกไ้ข หากเกิดอนัตราย คา่ตอบแทนท่ีจะไดร้บั คา่ใชจ้่ายท่ีขา้พเจา้จะตอ้งรบัผิดชอบจ่ายเอง โดย
ไดอ้่านขอ้ความท่ีมีรายละเอียดอยู่ในเอกสารชีแ้จงผูเ้ขา้รว่มโครงการวิจยัโดยตลอด อีกทัง้ยงัไดร้บั
ค าอธิบายและตอบขอ้สงสยัจากหวัหนา้โครงการวิจยัเป็นท่ีเรียบรอ้ยแลว้ และตกลงรบัผิดชอบตาม
ค ารบัรองในขอ้ 5 ทกุประการ  

ขอ้ 4. ขา้พเจา้ ไดร้บัการรบัรองจากผูว้ิจัยว่าจะเก็บขอ้มูลส่วนตวัของขา้พเจา้เป็น
ความลบั จะเปิดเผยเฉพาะผลสรุปการวิจยัเทา่นัน้ 

ขอ้ 5. ขา้พเจา้ ไดร้บัทราบจากผูว้ิจยัแลว้ว่า หากมีอนัตรายใด ๆ อนัเกิดขึน้จากการ
วิจยัดงักล่าว ขา้พเจา้จะไดร้บัการรกัษาพยาบาลจากคณะผูว้ิจยั โดยไม่คิดคา่ใชจ้่ายและจะไดร้บั
ค่าชดเชยรายไดท่ี้สูญเสียไปในระหว่างการรกัษา พยาบาล ดังกล่าว ตลอดจนมีสิทธ์ิไดร้ับค่า
ทดแทนความพิการท่ีอาจเกิดขึน้จากการวิจยัตามสมควร 

ขอ้ 6. ขา้พเจา้ ไดร้บัทราบแลว้ว่าขา้พเจา้มีสิทธ์ิจะบอกเลิกการร่วมโครงการวิจัยนี ้
และการบอกเลิกการรว่มโครงการวิจยัจะไมมี่ผลกระทบตอ่การดแูลรกัษาโรคท่ีขา้พเจา้จะพงึไดร้บั
ตอ่ไป 
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ขอ้ 7. หากขา้พเจา้มีขอ้ขอ้งใจเก่ียวกบัขัน้ตอนของการวิจยั หรือหากเกิดผลขา้งเคียง
ท่ีไมพ่งึประสงคจ์ากการวิจยั สามารถตดิตอ่กบั 

1.นางสาววลีรัตน์ สันสี (หัวหน้าโครงการและผู้วิจัย ) สถานท่ีติดต่อ คณะ
กายภาพบ าบัด วิทยาลัยเซนต์หลุยส์ เลขท่ี 19 ถนนสาทรใต้ แขวงยานนาวา เขตสาทร 
กรุงเทพมหานคร 10120 หมายเลขโทรศพัท ์092-5989965 

2.นางสาววรวีร ์เต็มพร้อม (ผู้ร่วมวิจัย) สถานท่ีติดต่อ คณะกายภาพบ าบัด 
วิทยาลยัเซนตห์ลุยส ์เลขท่ี 19 ถนนสาทรใต ้แขวงยานนาวา เขตสาทร กรุงเทพมหานคร 10120 
หมายเลขโทรศพัท ์083-5906652 

ขอ้ 8. หากขา้พเจา้ ไดร้บัการปฏิบัติไมต่รงตามท่ีระบไุวใ้นเอกสารชีแ้จงผูเ้ขา้รว่มการ
วิจัย ข้าพเจ้าจะสามารถติดต่อกับประธานคณะกรรมการจริยธรรมส าหรับการพิจารณา
โครงการวิจยัท่ีท าในมนษุยห์รือผูแ้ทน ไดท่ี้สถาบนัยทุธศาสตรท์างปัญญาและวิจยั มหาวิทยาลยั
ศรีนครนิทรวิโรฒ โทรศพัท ์02-649-5000 ตอ่ 11019 

 
ขา้พเจา้ไดอ้่านและเขา้ใจขอ้ความตามหนงัสือนีโ้ดยตลอดแลว้ เห็นว่าถูกตอ้งตาม

เจตนาของขา้พเจา้ จึงไดล้งลายมือช่ือไวเ้ป็นส าคญัพรอ้มกับหัวหนา้โครงการวิจัยและต่อหน้า
พยาน 
 
 

ลงช่ือ…………………………………... 
     (………………………………….....) 
        ผูย้ินยอม / ผูแ้ทนโดยชอบธรรม 
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ลงช่ือ …………………………………... 
     (………………………………….....) 
ผูใ้หข้อ้มลูและขอความยินยอม / หวัหนา้โครงการวิจยั 

 
 

ลงช่ือ……………………………………พยาน 
        (……………………………………) 

 
 

ลงช่ือ……………………………………พยาน 
        (……………………………………) 

 
 

ในกรณีท่ีผู้เข้าร่วมการวิจัย อ่านหนังสือไม่ออก ผู้ท่ีอ่านข้อความทั้งหมดแทน
ผูเ้ขา้รว่มการวิจยัคือ.............................................................................................................. 

จงึไดล้งลายมือช่ือไวเ้ป็นพยาน 
 
 

ลงช่ือ……………………………………พยาน 
        (……………………………………) 

 
หมายเหตุ 

1. ในกรณีผู้ให้ความยินยอมมีอายุไม่ครบ 18 ปีบริบูรณ์ จะตอ้งมีผู้ปกครองตาม
กฎหมายเป็นผูใ้หค้วามยินยอมดว้ย หรือ ผูป่้วยท่ีไม่สามารถแสดงความยินยอมไดด้ว้ยตนเอง 
จะตอ้งมีผูมี้อ  านาจท าการแทน เป็นผูใ้หค้วามยินยอม 

2. กรณีผูย้ินยอมตนใหท้ าวิจยั ไม่สามารถอ่านหนงัสือได ้ใหผู้้วิจยัอ่านขอ้ความใน
หนงัสือใหค้วามยินยอมนีใ้หแ้ก่ผูย้ินยอมตนใหท้ าวิจยัฟังจนเขา้ใจแลว้ และใหผู้ย้ินยอมตนใหท้ า
วิจยัลงนาม หรือพิมพล์ายนิว้หวัแมมื่อรบัทราบ ในการใหค้วามยินยอมดงักลา่วดว้ย 
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APPENDIX C  
DATA RECORD FORM 
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รหสัอาสาสมคัร…………………………. 
วนัท่ีประเมิน…………………………….. 
ส่วนที ่1 
ขอ้มลูบคุคล 

วนั/เดือน/ปี(เกิด)…………............…………….……อาย…ุ........................ปี 
น า้หนกั...............................กิโลกรมั สว่นสงู................................เซนตเิมตร 
อาชีพ…………………...…...โรคประจ าตวั……………..........………........... 
แขนขา้งท่ีถนดั  􀂆 ขา้งขวา   􀂆 ขา้งซา้ย 

เกณฑคั์ดเข้า 
􀂆 เพศชาย   􀂆  เพศหญิง 
􀂆 อาย ุ18 ปีขึน้ไป 

􀂆 ดชันีมวลกายอยูใ่นชว่งปกต ิ(≥ 18.5 Kg/m2) 
􀂆 ดชันีมวลกายมากกวา่ปกต ิ(≥ 23 Kg/m2) 
􀂆 ไมเ่คยมีประวตัิการแตกหรือหกับรเิวณกระดกูไหปลารา้, สะบกั และ ตน้แขน หรือ

เคยไดร้บัการผา่ตดับรเิวณ upper quadrant 
􀂆 สามารถเคล่ือนไหวของขอ้ตอ่ทกุขอ้ภายในแขนและคอไดเ้ต็มช่วงการเคล่ือนไหว 

โดยไมมี่อาการปวด 
เกณฑคั์ดออก 
􀂆 กระดกูสนัหลงัคด (Scoliosis)  
􀂆 หลงัคอ่ม (Thoracic hyperkyphosis)  
􀂆 อตัราการหายใจเกินช่วงปกติ เกิน 20 ครัง้ต่อนาทีหรือมีภาวะท่ีไม่สามารถนอน

ราบได ้
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รหสัอาสาสมคัร…………………………. 
วนัท่ีประเมิน…………………………….. 
 
ส่วนที ่2 
แบบบนัทกึ acromial distance ทา่นั่ง 
 
ทา่นั่ง ครัง้ที่ 1 (มิลลเิมตร) ครัง้ที่ 2 (มิลลเิมตร) คา่เฉลีย่ (มิลลเิมตร) 
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รหสัอาสาสมคัร…………………………. 
วนัท่ีประเมิน…………………………….. 
 
ส่วนที ่3 
แบบบนัทกึ acromial distance ทา่นอน 

 
ทา่นอน ครัง้ที่ 1 (มิลลเิมตร) ครัง้ที่ 2 (มิลลเิมตร) คา่เฉลีย่ (มิลลเิมตร) 

นอนหงายปกต ิ    

นอนหงายกดสะบกั    
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ABBREVIATION 

 
AD Acromial distance 
95%CI 95% Confident interval 
MDC95% Minimal detectable change of 95% 
SEM Standard error of measurement 
SE Standard error 
ICC Intra-class correlation 
PMI Pectoralis minor index 
BMI Body mass index 
FSP Forward shoulder posture 
FHS Forward head posture 
CVA Cervico-vertebral angle 

 
 
 
 
 



 

VITA 
 

VITA 
 

NAME Waleerat Sansee 

DATE OF BIRTH 22 February 1992 

PLACE OF BIRTH Fang hospital, Fang district, Chiang Mai, Thailand 

INSTITUTIONS ATTENDED Srinakharinwirot University 

HOME ADDRESS 588/2 M.4, Wiang, Fang, Chiang Mai, 50110 
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