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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/mz) 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
(ICC,,0.991 to 0.999) and supine positions (ICC, , 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 R®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 |
INTRODUCTION

1. Background

Pectoralis minor is one of the smallest muscles of the pectoral group. It is
originated from the anterior surface of 3" 4" and 5" 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



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/m’ (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/m® 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



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/mz. 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).



7. Conceptual framework
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Figure 1 Conceptual framework




CHAPTER I
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 3", 4", and 5" 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



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/m’), normal range (BMI between 18.5 to 22.9 kg/m®), overweight
(BMI equal or more than 23 kg/m®), obese | (BMI between 25 to 29.9 kg/m?) and obese 2
(BMI as equal or more than 30 kg/mz) (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



(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.



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 t0 0.97) (8) or (ICC = 0.88 to 0.94) (29), as well as in sitting position (ICC = 0.98) (5)



and good in upright position (ICC = 0.72 to 0.75) (27). For upright position, there is
moderate correlated with radiography (26) using 7" 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/mz, 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).



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 218 years
3. Body mass index 2185 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, R® deviation from zero formula (6).

Alpha = 0.05
Power (1—[3 err prob) = 0.8
Effect size f° = 0.11
Number of predictors = 4
Total sample size = 113

(Referenced from G*Power 3.1 program: effect size defines as small effect

size f = 0.02, medium effect size f = 0.15, and large effect size f*=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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Target populations

age =18 years

Step 2
— AlF — A — A2F — A2M —ASE — A3M
— A1FB1 — A1MBA — AZ2FB1 I— A2MB1 | A3FB1 L A3MBI1 Step 3
L A1FB2 L  A1IMB2 L A2FB2 — A2MB2 L A3FB2 L A3MB2

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 10 22.9 kg/mz, B2 BMI was equal or more than 23.0 kg/mz. 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



Figure 4 Scoliometer

\
)
S

Figure 5 Weight and height measuring scale (Model ZT-160)

14



Figure 6 Standard L-square ruler with water level

Figure 7 Other equipment (pen, tape, alcohol, cotton balls, and foam pad)

15
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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 7" 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 (ICC,,) and (ICC,,) was used to analyzed reliability and control measurement

Eerrors.

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



18

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



9.5 Data recording

Participants were recruited follow

the inclusion criteria

Signed inform consent

Acromial distance measurement in

sitting position by the researcher

Exclusion criteria

-Scoliosis

-Thoracic Hyperkyphosis

-Limited active full range of motion or
pain of shoulder joint and neck
-Fractured or surgery of upper
quadrant and cervical area
-Respiratory rate (RR) 220 bpm,
dyspnea, or orthopnea condition

Acromial distance measurement in
supine position by the research

assistant

Data analysis

Figure 10 Process of this study

20
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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 (ICC, ,) and (ICC, ,), respectively.

2. The standard error of measurement (SEM) = SD\/(T - 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) = b, + b,x, (AD sitting) + b,x, (BMI) + b.x,
(gender) + b,x, (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).



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%Cl) were
clarified.

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

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.
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1.2 Characteristic of participants in group 1: BMI was equal or more than 23

Kg/m®

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.



24

9€ [ejol
¥'99 629 60 v'v9 G¢ce vie €0 6lc 1Sy WAL 80 0y 14 €
1'89 1'09 8'L L9 9'ce ¢'le €0 6'l¢ 8'v¢e 0'8¢ gl v'le 0l Z
G99 769 vl v'29 l'ce 9°0¢ €0 gle gee 8'0¢ 70 l'le ¢l I sle
¥9 [ejol
798 8¢S 80 9¥S cgee vle 0 8'Le 991 L'ey 0l 17444 vl €
1'99 9'LS [ 6°cS l'le 90¢ €0 Z'le L'ce 08¢ 0l L'og 6l Z
81§ 1’8y 80 A 6°0¢ 86l €0 ¥0c G0c G'6l €0 0°0¢ (9 I alewaH
l
punoq  punog punoq  punog punoq  punog
Jaddn  JemoT Jjaddn  JemoT Jjeddn  JemoT
10%56 3s Uesiy 10%56 3s uesiy 10%G6 3s uesiy (u) dnos6  dnousb
(6%) BIoM (w/B¥) INg (4eak) oby palang  eby Ing

sjuedionted |je jo sonsueoeIey) | 9|qe]



25

[eAIBJU| BOUBPHUOD %G6 [10%S6 0113 PIEPUELS 13S sieak O 2 sem ¢ dnoib pue siesk 6¢ 0} Gz Sem g

dnoub ‘sieah z 01 g1 sem | dnoub :aby ”NE\@x gz semg dnoub ”NE\@_ 6220168l sem | dnoub :J|Ag :suoneinalqay

o€ [ejol
¢l vl el eVl G'9c 0S¢ €0 ,'S¢ 'Ly Gey 'L 0S¥ €l €
S8 9'69 €€ (A 6°'8¢ v've 0l 1L°9¢ 9'€e 8'9¢ Sl AN ol Z
¥'Z8 L'¢L ve ¢l 0'9¢ eve ¥0 l'Ge 9'¢ce 8'0¢ ¥'0 L'le €l L slel
114 [ejol
Sv. ¥'19 L'e 6°/29 g'6¢ 0°'s¢ L'l €/c L.y L'ey 60 L "Gy 9l €
1'G8 1’29 'S 9¢l 8'¢ce 9'q¢ L'l Z¢'6¢ gee v'6c ol g'le Gl Z
06, 1G9 €c 00 Z¢'6¢ 8'q¢ 80 G'/¢ g€ce 8'0¢ ¥0 Gle Ll L alewa
4
punog  punoq punog  punoq punog  punog
Jjeddn  JamoT Jaddn  Jamo7 Jaddn  JemoT
10%56 3s uea 10%56 3s uesiy 10%56 3s uesiy (u) dnos6  dnoub
(6) ybroAn (;w/B¥) INg (1eak) aby yolgng  eby INg

(PenupuoY) | 8|qe]



26

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 ICC,, 0.991 to
0.999. The intra-rater reliability of the AD measurement in supine position (from assessor
V, CH, and C) ranged between ICC,,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 ICC,, 0.954 to 0.997. The intra-rater reliability of the AD
measurement in supine position (from assessor V, CH, and C) ranged between ICC,

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%Cl SEM (mm) MDC95% (mm)
Lower Upper Lower Upper Lower Upper
bound bound bound bound bound bound

Intra-rater reliability (ICC, ,)

Sitting W 0.998 0.991 0.999 0.34 1.33 0.95 3.70
Cc 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 (ICC, ,)
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/m?)

The average AD in the sitting position was 69.8 mm (95%Cl: 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%Cl: 62.0 to 74.9) and 66.3 mm (95%CIl: 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/m?)

The average AD in the sitting position was 74.8 mm (95%Cl: 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%Cl: 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/m?)

The average AD in the sitting position was 79.7 mm (95%Cl: 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%Cl: 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/m®)

The average AD in the sitting position was 86.0 mm (95%Cl: 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%Cl: 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 ). 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 °, 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 °,

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/m®)

The average AD in the supine position was 38.7 mm (95%Cl: 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%Cl: 37.8 to 45.7) and 45.9 mm (95%CIl: 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/m’)
The average AD in the supine position was 44.8 mm (95%Cl: 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%Cl: 39.2 to 52.2) and 52.0 mm (95%Cl: 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/m?)

The average AD in the supine position was 54.2 mm (95%Cl: 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%Cl: 44.0 to 60.6) and 64.3 mm (95%Cl: 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/m®)

The average AD in the supine position was 61.3 mm (95%Cl: 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%Cl: 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 °). 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 °, males in age groups 1; BMI group
1 compared with BMI group 2 ®). 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 °). 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 °; 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 °; 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 R® 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/m® and group 1 was BMI 2 23.0 kg/m°), 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%Cl Standardized Adjusted R?
coefficient
Lower Upper (beta)
bound 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) = b, + b,x, (AD sitting) + b,x,
(BMI) + b,x, (gender) + b,x, (age). Gender factor was based-on F —female and BMI group
was based-on BMI = 18.5 to 22.9 kg/m”

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).
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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 b, + b,x,
(AD sitting) + b,x, (BMI) + b,x, (gender) + b,x, (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 Mean Standard Min Max
(n) deviation
(SD)

AD in supine position from 184 50.67 13.97 20.00 85.00
measured (mm)
AD in supine position from 184 50.67 11.14 21.62 82.54
predicted form multiple
regression model (mm)
Mean Difference of two methods 184 3.77x10° 8.42 -24.97 18.47
(mm)
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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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 (ICC,, 0.991 to 0.999), inter-rater reliability
(ICC,, 0.954 to 0.997) of the AD measurement in the sitting position. There was an
excellent intra-rater (ICC,, 0.996 to 0.999) and inter-rater reliability (ICC,, 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 (ICC,, 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 (ICC, ,=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—[3 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 (2 23.0 kg/mz). 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%.



44

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 utlizing 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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ABBREVIATION

AD Acromial distance

95%Cl 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
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