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ABSTRACT

Objective: The purpose of this study was to determine the appropriate protocol of the single-leg sit-to-stand (STS)
test in terms of number of repetitions for assessment of the lower limb muscle strength in young adults by exploring
relationship between variables obtained from the 1, 3 and 5 repetitions single-leg STS tests (time to complete and
power index of the STS test) and lower limb muscle strength obtained from an isokinetic dynamometer.

Materials and methods: Forty-six healthy participants with mean age of 21.04+1.21 years participated in the study.
Each participant performed 1, 3, and 5 repetitions of single-leg STS test. Time (T1-STS, T3-STS and T5-STS)
and power index (P1-STS, P3-STS and P5-STS) were measured during each repetition of the single-leg STS test.
Lower limb muscle strength was measured by a Contrex MJ isokinetic dynamometer.

Results: The intraclass correlation coefficients (ICCB‘ 1) values of the time to complete the 1, 3 and 5 repetitions
single-leg STS test were 0.68, 0.78 and 0.90, respectively. P3-STS and P5-STS were highly correlated with lower
limb muscle strength (r=0.753 and r=0.782, respectively) while P1-STS was moderately correlated with lower limb
muscle strength (r=0.687). T1-STS, T3-STS and T5-STS had poor to moderate correlations with lower limb muscle
strength (r=-0.459, r=-0.487, and r=-0.573, respectively).

Conclusion: Power index of the single-leg STS test had strong relationship to the lower limb muscle strength.
Therefore, the power index obtained from single-leg STS test can be used to predict strength of the lower limb
muscles. The most suitable number of repetitions when performing the single-leg STS test was 3 repetitions as it
required less time to administer and has excellent reliable.

Keywords: Single-leg sit-to-stand, lower limb muscle strength, correlation, power index

INTRODUCTION

Strength of lower limb muscles can be assessed
directly using standard equipment such as force
transducers and isokinetic dynamometry." However, these
devices are expensive and time-intensive for used in
clinical settings. Functional tests, such as a sit-to-stand
(STS) test, do not require expensive equipment and are
usually quick to administer. A traditional two-leg STS test
has been used to evaluate lower-limb muscle strength in
elderly and people with disabling disease related to lower
limb muscle strength such as knee osteoarthritis, knee
arthroplasty and hemiparesis.”* Hughes et al® reported
that older adults used greater proportion of quadriceps
muscle strength capability than young adults (78% and
34% for older and young adults, respectively) to perform
the same STS task. The STS performing with double leg
support is appropriate and safe protocol for elderly and
people with balance related problems.® However, the
traditional STS test may not be appropriate for assessing

134 MNsaanaianmsunngigoslng

lower limb muscle strength in young adults because they
have upper limit of a capability to achieve the test (ceiling
effect) toward maximum value.’

Wongsaya and Chamnongkich® developed a new
functional test (single-leg STS test) for evaluating knee
extensor muscles strength in young adults. It was
proposed that STS performed with single leg support
would increase challenge of the test because it requires
higher amount of knee extensor muscle force to control
movement of the whole body similar to a single-leg squat.’
Power index was used to represent the rate at which work
is performed or the force that the lower limb muscles
generate to move a body through the distance during
the STS movement in a unit of time."® Power index of a
5 repetitions single-leg STS test (calculated from body
mass, thigh length and time to complete a STS test) was
found to be highly correlated with maximum isometric
voluntary contraction (MVC) force of the knee extensor

9 47 aiuf 3 Fuenomw 2557



(r=0.83) while lower correlation was found (r=0.76) for
the power index of a 10 repetitions single-leg STS test.
No correlation was found between STS time and knee
extensor muscle MVC.®

Several previous studies attempted to explore the
relationship between lower-limb muscle strength and
variables of the STS test. However, the relationship
between STS test variables and lower-limb muscle
strength is still unclear. Jones et al'' reported a high
correlation (r=0.71 and 0.78 for men and women,
respectively) between the number of completed standing
in a 30-second two-leg STS test and leg press strength
(one repetition maximum) in the elderly. In contrast,
McCarthy et al'* reported low to moderate correlation
between knee and hip extensor muscle torques and both
of the time to complete a 5 repeated two-leg STS test
(r =-0.29 for hip extensors and -0.46 for knee extensors)
and the number of completed STS in a 30 second STS test
(r = 0.33 for hip extensors and 0.44 for knee extensors).
In addition, Takai et al'® reported that power index of the
two-leg STS test was highly correlated with MVC force
and cross-sectional area of the quadriceps muscle in the
elderly. Chen et al' reported that thigh muscle volume
measured by MRI was positively correlated with the
anthropometric data (including body height, body mass,
waist size, and thigh circumference).

Findings from these previous studies® "

suggested
that several factors may affect the single-leg STS
performance. Performance in STS test may be influenced
by several other factors besides lower limb muscles
strength such as subject’s physical characteristics
(body mass, height, muscle size and muscle lever arm).
Therefore, using muscle strength to body mass ratio
may be more appropriate for exploring the relationship
between single-leg STS variables and lower limb muscle
strength. Performing the single-leg STS test with too many
repetitions may induce fatigue to leg muscles.” Thus,
reducing the number of repetitions may result in higher
level of correlation between STS variables and muscle
force. In addition, muscle strength obtained from isometric
test may not represent actual muscle function during
STS movement." Finally, other leg muscles besides the
knee extensors may also contribute to the single-leg STS
performance.”® Therefore, the purpose of this study was
to determine the appropriate protocol to be used when

performing the single-leg STS test in terms of number

Bull Chiang Mai Assoc Med Sci

of repetitions for assessment of the lower limb muscle
strength in young adults by exploring relationship between
variables obtained from the 1, 3 and 5 repetitions single-leg
STS tests (time to complete and power index of the STS
test) and lower limb muscle strength obtained from an
isokinetic dynamometer. According to concurrent validity
concept", if variables obtained from the single-leg STS test
are highly correlated with muscle strength, such variable
can be used to predict strength of the lower limb muscles.

METHODS

Forty-six healthy young adults (23 males and 23
females) with mean age of 21.04+0.21 years participated
in the study. The required sample size was calculated
based on a previous study by McCarthy et al'* using
a G*Power 3.1.5 program. To achieve 80% statistical
power with an alpha level of 0.05 for correlation test, a
minimum of 46 participants were required. Participants
were included in the study if they were in age range of
18-25 years and free from neurological or musculoskeletal
disorders. Potential participants were excluded if they were
athletes or advanced weight trainers. All participants were
screened for balance impairment by a single limb stance
test."® Their demographic data are shown in Table 1.
The study protocol was submitted for approval by the
Research Ethics Committee, Faculty of Associated
Medical Sciences, Chiang Mai University. Participants
were informed not to take part in any vigorous exercise
within 48 hours™ and not to take alcohol, caffeine or
medications which could affect physical performance
within 24 hours before the testing day.

Prior to the test, participants’ physical characteristics
(e.g. body mass, body height, thigh length, lower leg
length, and thigh circumference) were collected. Data
collection procedure was divided into two sessions. In
the first session, the single-leg STS tests with different
repetitions (1, 3, and 5 repetitions) were performed in
random order. Single-leg STS was performed using the
dominant leg for support which was determined by leg
dominance tests® (the leg used to kick a ball, step on
bug, write a word with the foot, and take a step forward).
The participants sat on a chair with their arms across
their chest. The seat height was adjusted to 110% of
the participants’ lower leg length.’ The knee joint at

starting position was set at 100° of flexion for the tested

Vol. 47 No. 3 September 2014 135



Table 1. The demographic characteristics of the participants (N=46).

Variables Male (N=23) Female (N=23) Total (N=46)
20.83+1.40 21.26+0.96 21.04+1.21
Age (yr)
(19-23) (20-24) (20-24)
Height (m) 1.71+0.05 1.58+0.04 1.64+0.08
Mass (kg) 60.65+5.12 51.89+5.66 56.27+6.94
BMI (kg/m?) 20.70+1.75 20.86+2.16 20.78+1.94
Thigh length (cm) 39.50+2.02 38.65+2.13 39.08+2.10
Thigh circumference (cm) 51.02+3.17 50.96+3.71 50.99+3.41

Note: values are meanzSD

(dominant) knee. The untested (non-dominant) leg was
lifted just above the floor without moving the leg forward
or backward and was not allowed to contact the floor
during the test. The participants were instructed to
stand up with full knee extension and sit down until their
buttock was in contact the chair before starting the next
repetition (Figure 1). They were allowed to perform one
trial to be familiarized with the task. For the actual test,
the participant performed the single-leg STS test with
maximum effort as fast as possible. The time (T-STS)
was recorded using a stopwatch. Recording time started
with the word “go” and stopped when the participant sat
fully on the chair of the last repetition. For each of the 1,
3 and 5 repetitions single-leg STS tests, the participant
performed 2 trials with resting period of 3 minutes between
the trials. The trial with less duration of time was recorded
for data analysis. The power index of the STS test was
calculated from the following formula.™

body mass x thigh length x 9.81x number of STS rep
Timed STS

The second session was administered on the next
day. A Contrex MJ isokinetic dynamometer (CMV AG,
Dubendorf, Switzerland) was used for measuring strength
of the lower limb muscles including hip flexor/extensor,
knee/extensor, and ankle plantar flexor/dorsiflexor
muscles in random order. Prior to the test, the participants
performed a regular warm-up by stretching lower limb
muscles and were practiced with submaximal concentric
contraction for familiarity. The tested positions were set
according to Negahban et al's study (Figure 2).* For
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each joint, the participants performed five repetitions
of maximal concentric contraction with no rest using
reciprocal muscles of a joint in given movement direction.”
The participants performed 2 trials of testing with resting
period of 2 minutes between ftrials to avoid fatigue.
The highest maximal peak torque of the two trials were
averaged and normalized with body mass (peak torque
to body mass ratio) for data analysis. After a five-minute
rest period, strength measurement of the next random
ordered muscle group was performed using the same
testing procedure. All testing trials were performed at the
angular velocity of 60°/s.?

Test-retest reliability of the variables obtained from
the 1, 3 and 5 repetitions single-leg STS test (time to
complete the STS tests) were determined. Ten participants
were randomly chosen from all participants for test-retest
using the same testing protocol. Participants were retested
two day apart. Intraclass correlation coefficient, lCC(a, W
was used to determine the test-retest reliability.

Statistical Analysis

Descriptive statistics were used to describe
participant’'s demographic data as mean and standard
deviation. Pearson product moment correlation coefficient
statistics were used to determine the relationship between
single-leg STS test variables and lower limb muscle
strength variables. All statistical analyses were tested
using SPSS version 16 for Windows. The significant level
was set at 0.05 for all statistical tests.
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Figure 2. Isokinetic testing of the lower limb muscles.
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Table 2. Time to complete single-leg STS test and power index of single-leg STS test.

Variables Male (N=23) Female (N=23) Total (N=46)
T1-STS (second) 2.0710.21 2.23+0.23 2.15+0.23
T3-STS (second) 5.96+0.48 6.45+0.59 6.21+0.59
T5-STS (second) 10.01+0.93 11.08+1.07 10.54+1.13
P1-STS (watt) 114.21+13.80 88.94+14.50 101.58+18.95
P3-STS (watt) 118.55+11.69 92.13+14.09 105.34+18.50
P5-STS (watt) 117.76+11.00 89.50+13.57 103.63+18.80

Note: values are meanzSD

RESULTS

Reliability Study

The intraclass correlation coefficients (ICC(:;, 1)) values
of the time to complete the 1, 3 and 5 repetitions single-
leg STS test (T1-STS, T3-STS, and T5-STS) were 0.68,
0.78, and 0.90, respectively.

Time and Power Index of Single-leg STS Test

The mean time to complete the 1, 3, and 5 repetitions
single-leg STS test (T1-STS, T3-STS, and T5-STS)
were 2.15+0.23, 6.21+0.59, and 10.54+1.13 seconds,
respectively. The mean power index of the 1, 3 and
5 repetitions single-leg STS test (P1-STS, P3-STS,
and P5-STS) were 101.58+18.95, 105.34+18.50 and
103.63+£18.80 Watts, respectively as shown in Table 2.

Peak Torque and Peak Torque to body Mass Ratio of
lower limb Muscles

The mean peak torque of the hip flexor/extensor,
knee flexor/extensor and ankle dorsiflexor/plantar
flexor muscle groups were 65.31+24.81, 169.23+49.38,
87.70£29.02, 114.68+31.60, 19.06+5.67 and 86.26+27.56
Newton-meter (Nm), respectively. The mean peak torque
of body to mass ratio of the hip flexor/extensor, knee
flexor/extensor and ankle dorsiflexor/plantar flexor muscle
groups were 1.14+0.37, 2.98+0.71, 1.54+0.41, 2.02+0.41,
0.34+0.08, 1.52+0.40 Nm/kg, respectively as shown in
Table 3.
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Correlation Between Variables Obtained from the
Single-leg STS Test and lower limb Muscle Strength

All lower limb peak torque to body mass ratios was
negatively correlated with all T1-STS, T3-STS, and T5-
STS except the knee extensor that was not correlated
with T1-STS (Table 4). All lower limb peak torques were
positively correlated with all P1-STS, P3-STS, and P5-
STS. The level of relationship between lower limb muscle
strength and power index were higher than the level of
relationship between lower limb muscle strength and Time
STS variables as shown in Table 4.

DISCUSSION

The lower limb muscle strength revealed a high
correlation with power index of the single-leg STS test
but low to moderate correlation with the time to complete
single-leg STS test (r=0.604 to 0.782 vs r=-0.286 to
-0.573).”° This result agrees with the findings of previous
studies.* * Wongsaya and Chamnongkich® reported no
correlation between MVC and time but high correlation
between MVC and power index. It can be noted that the
correlations were found when body mass and thigh length
were included in the power index formula. These results
suggested that body size affected the relationship between
muscle peak torque and power index of the STS task.
Although this study used body mass to normalize with peak
torque, it was not sufficient to find linear relationship with

only time to complete single-leg STS test. Takai et al'
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Table 3. Peak torque and peak torque to body mass ratio of lower limb muscles.

Variables Male (N=23) Female (N=23) Total (N=46)
Peak torque (Nm)
Hip flexor (HF) 88.38+8.73 42.24+8.39 65.31+24.81

Hip extensor (HE)

209.07+31.64

129.40+25.83

169.23+49.38

Knee flexor (KF) 111.56+19.91 63.84+11.68 87.70+29.02
Knee extensor (KE) 138.17+22.37 91.19+19.73 114.68+31.60
Ankle dorsiflexion (AD) 23.93+3.12 14.19+2.55 19.06+5.67
Ankle plantar flexion (AP) 107.25+21.13 65.23+13.67 86.26+27.56
Peak torque to body mass ratio (Nm/kg)

Hip flexor (HF) 1.4610.16 0.82+0.19 1.14+0.37
Hip extensor (HE) 3.46+0.55 2.50£0.48 2.9810.71
Knee flexor (KF) 1.8410.32 1.2410.24 1.54+0.41
Knee extensor (KE) 2.28+0.30 1.7610.34 2.02+0.41
Ankle dorsiflexion (AD) 0.40+0.05 0.28+0.05 0.34+0.08
Ankle plantar flexion (AP) 1.78+0.38 1.2610.22 1.52+0.40

Note: values are meanzSD

Table 4. Correlation between variables obtained from the single-leg STS test and lower limb muscle strength variables.

Peak torque to body mass ratio

HF HE KF KE AD AP
T1-STS -0.396** -0.334* -0.365** -0.187 -0.459** -0.378**
T3-STS -0.487** -0.454* -0.478** -0.286* -0.429** -0.480**
T5-STS -0.573** -0.459** -0.534** -0.361* -0.517** -0.455**

Peak torque

HF HE KF KE AD AP
P1-STS 0.685** 0.654** 0.687** 0.664** 0.671* 0.604*
P3-STS 0.739** 0.712** 0.753** 0.732** 0.672** 0.650**
P5-STS 0.782** 0.706™* 0.775* 0.743* 0.710** 0.635*

Note:  **Correlation is significant at p<0.01
*Correlation is significant at p<0.05
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indicated that power index of the STS test is more useful
to assess knee extensor strength than the time to complete
STS variable.

Ferrucci et al* reported that the relationship
between time to complete a 5-repeated chair stands
and knee extensor and hip flexor force was nonlinear if
knee extensor and hip flexor force were greater than 98
Newton (N) and 147 N, respectively. All participants in
the present study were young individuals having mean
knee extensor strength of 290 N (Converting from Nm
unit). All male and some female participants had hip flexor
strength above 147 N (range 77-279 N). Therefore, it is
not surprising that the relationship between time variables
and lower limb muscle strength in this study was not found.
Moreover, Csuka and McCarthy®® reported that time to
complete 10-repeated sit-to-stand could not differentiate
between men and women with different knee extensor
strength. Results of the present study confirmed those

of the previous studies® '>?* 2

that time to complete the
STS test alone is not appropriate for evaluating lower
limb muscle strength.

In the present study, the correlation values of all
lower limb muscles strength and power index were about
the same level. These results indicated that the power
index obtained from single-leg STS test may be used to
predict all leg muscles. The results are in contrast with
our hypothesis of present study that the knee extensor
would have a highest correlation with variable obtained
from single-leg STS movement. These could be due to the
fact that all leg muscles play the important role in standing
up using one leg. Based on an electromyography (EMG)
study by Khemlani et al"®, several muscles of the lower
limb were activated during the STS task. There appears
to be functional linkages between movement of the hip,
knee and ankle joints and onset of the lower limb muscles
activity (rectus femoris, vastus lateralis, biceps femoris,
tibialis anterior, gastrocnemius and soleus) while moving
from sitting on a chair to standing up."® Khemlani et al'®
explained that hip flexor muscles generated hip flexion
movement during flexion momentum and momentum
transfer phases. Hip extensor muscles worked for slowing
down hip flexion before reversal hip extension movement.
At the knee joint, knee extension was controlled by knee
extensor muscles while knee flexor muscles pulled the
shank backward to control stability of the knee. The ankle
muscles contributed to postural adjustments and postural
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stability during STS task. Similar to other movements
of the lower limb such as walking, Winter”® explained
that all three lower limb joints produce cooperatively a
net extensor moment to support the lower limb during
stance phase.

When considering the appropriate number of
repetitions of single-leg STS test, it was found that
power index values of the 3 and 5 repetitions single-
leg STS test were highly correlated with lower limb
muscles strength while power index of the 1 repetition
single-leg STS test was moderately correlated with lower
limb muscles strength.® Moreover, our reliability result
revealed that both the 3 and 5 repetitions single-leg
STS test were acceptable with excellent reliability level
(0.78 and 0.90, respectively).”” The lower reliability of
the 1 repetition single-leg STS test (0.67: good reliability
level)”” may be resulted from large variation in the time
to complete the STS movement between the tests and
retest trials. Timing in each repetition of the single-leg
STS test may be affected by the starting movement of
each repetition and faulty movements occurred during
the 1 repetition single-leg STS test. Whereas for the 3
and 5 repetitions test, the participants could adjust their
movement correctly in the next repetition and the possible
faulty movements could be averaged across repetitions.
Therefore, performing the single-leg STS test with either 3
or 5 repetitions seems appropriate and they can be used
interchangeably. Nevertheless, the 3 repetition single-leg
STS test seems more suitable for assessment of lower
limb muscle strength than the other test because it requires
less movement repetition had excellent reliability level.

The limitation of this present study was that only
young adults with age range of 18 to 25 years old were
included. Thus, the results of this present study are limited
for use in assessment of the lower limb muscle strength
only in this particular age-range individuals. Moreover,
balance could be one of the important components of the
single-leg STS test. Although the participants in this study
were considered having normal balance as screened by
the single-leg stance test, the single-leg STS is difficult
task to perform. Therefore, differences in balance control
ability could also influence results of the study. In future
study, a more intensive balance test for young participants
should be incorporated when determining relationship
between single-leg STS performance and lower limb
muscle strength.
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CONCLUSION

This study revealed that all lower limb muscle
strength had moderate to high positive correlation with
power index of the single-leg STS test but low to moderate
negative correlation with time to complete single-leg STS
test. According to concept of concurrent validity, the power
index variable obtained from single-leg STS test can be
used to predict strength of the lower limb muscle. The
appropriate numbers of repetition of single-leg STS test
was 3 repetitions because it requires less movement
repetition and had excellent reliability level. The correlation
values of all lower limb muscles strength and power

index variable were about the same level indicating that

all leg muscles played the important role in standing up
using one leg. The single-leg STS test is appropriate for
assessment of lower limb muscle strength in young adults

and convenient to administer in community setting.
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Comparative effect of Paslop dancing and specific core
stabilizing exercise on postural control and core strength in
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Abstract

Introduction: Paslop is Laos’s traditional dancing which shows walking and twisting pattern of movement with
music. The unique of Paslop is stability of one-leg position and leg-crossing position while dancing. Paslop may
affect improvement of self’'s balance and core strength.

Objectives: The purpose of this study was to compare between the effect of Paslop dancing and specific core
stabilizing exercise on postural control and core3 strength.

Materials and methods: Forty-eight subjects were recruited and divided into 2 groups, 24 subjects each group.
Two men and 22 women (the average age=44.88+6.12 years) were participated in Paslop group, and were also
same baseline characteristics as specific core stabilizing exercise group. The participants in both groups were
trained and performed exercise for 45 minutes a day, 3 days per week for 4 weeks. The outcome measures
consisted of one-leg with eyes closed test (OLST) was used to measure the improvement of body’s balance and
pressure biofeedback unit (PBU) was used to measure general core strength prior to training and at the 4" week
after training. The pair sample t-test was used to analyze data within group, whereas the independent t-test was
used to analyze data between groups, respectively.
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Results: The results showed that the improvement of postural control in both groups were improved statistical
difference when compared within group (p<0.001) but did not show significant difference between groups (p=0.186).
The improvement of core strength in both groups were shown statistical difference when compared within group
(p<0.001). However, the core strength of Paslop group showed more effectiveness than specific core stabilizing
exercise (p=0.041).

Conclusions: Four-week training of Paslop dancing and specific core stabilizing exercise can improve self's balance
and core strength.

Keywords: Paslop, self’s balance, core strength
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Figure 1. Paslop dancing exercise position 1. Figure 4. Cat-Camel exercises.”

Figure 2. Paslop dancing exercise position 2.

Figure 3. Abdominal hallowing pattern and specific core Figure 6. Pressure biofeedback unit and testing position.

stabilizing exercise.
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Table 1. Demographic data (Mean + SD unless noted).

Characteristics Paslop (n=24) Specific (n=24) p-value
Age (years) * 44.88+6.12 45.38+6.70 0.789
Gender: female (n) ° 22 22 1.000
Weight (kg) * 54.88+7.37 55.21+8.76 0.887
Height (cm)) ° 156+4.75 153.9616.48 0.882
Body mass index (kg/m?) ° 22.31+2.96 23.26+3.15 0.284
Core muscle strength (mm Hg)?® 1.29+0.84 1.58+0.75 0.212
One leg stance test (second)? 2.70+1.28 3.36+2.61 0.274
Frequency of exercise per week (n) ° 0.296
No 23 21

1-3 times/week 1 3

> 3 times/week 0 0

Occupation (n) ° 0.285
Teachers 2 0

Farmers 22 21

Labors 1

Office workers 1

Other (e.g., housewife, tailors) 0 1

Note

® The data are presented using mean+SD. The difference between Paslop group and specific exercise group were compared using

Independent sample t-test with the level of different significances at p<0.05

® The variables are categorized as follows Sex; female/male, Frequency of exercise; No exercise, exercise 1-3 times per week, exercise

more than 3 times per week, Occupation; teachers/ farmers/ labors/ office workers/ other (e.g., housewife, tailors) are presented. The

difference between specific exercise group and Paslop dancing exercise group were compared using the chi-square test with the level

of significant differences at p<0.05. The difference between Paslop group and specific exercise group were compared using chi-square

test with the level of different significances at p<0.05
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Table 2. Functional ability related with healthy adults subjects before and after exercises within group and between

groups.
Paslop (n=24) Specific (n=24) Mean difference *
S Paslop
. pecific
Variable . . dancing
Pre-test Post-test  p-value Pre-test Post-test p-value exercise . p-value °
exercise
group
group

OLST (s) 3.36 £ 2.61 6.45 +4.42 0.001"

PBU (mm Hg) 158+0.75 597 +2.75  0.001

270 £1.28 4.84 +1.87 0.001"

1.29£0.84 6.97 £ 2.11 0.001"

3.09+2.78 2.14 +2.08 0.186

4.21+262 5.68 222 0.041°

Note The data are presented using meanSD.

® The mean difference between specific exercise group and Paslop dancing exercise group

® p-value from the paired t-test with the level of significant difference at p<0.05

¢ p-value from the independent sample t-test with the level of significant difference at p<0.05

OLST = One-leg stance test

PBU = Pressure biofeedback unit
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Abstract

Objectives: To determine prevalence and problem of abnormal hemoglobins (Hbs) on interpreting hemoglobin (Hb)
identification results in Lampang hospital.

Materials and methods: PCR was performed to identify globin gene defects in 102 from 14,909 routine blood
samples failed to identify types and quantities of Hbs by cation-exchange low pressure liquid chromatography (LPLC).

Results: Prevalence of abnormal Hb was 0.68%. These abnormal Hbs could interfere with chromatogram
interpretation. Hemoglobin (Hb) peak residing around F window was Hb Hope (71.6%). Hb peak localized around
S window was Hb Tak (13.7%) and Hb Q-Thailand (10.8%). Hb peaks residing after HbAz, at Hb Constant Spring
window, were Hb AZ-Merourne (2.9%) and Hb AELampang (0.98%). These abnormal Hbs were seen in both single
form and combinations with o and B-thalassemia with alterations of hematological parameters.

Conclusion: Incidence of abnormal Hbs in Lampang was rare but may interfere with interpretation of Hb identification
performed by cation-exchange LPLC. Consideration of hematological parameters and globin gene defects were

necessary to obtain correct interpretation.

Keywords: Hemoglobin typing, abnormal hemoglobin, molecular analysis, low pressure liquid chromatography
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Table 1. Genotype, combination, hemoglobin type and hematological parameters of 102 abnormal hemoglobin types

found.
RBC
DTV S . Hb Het Mcv MCH MCHC  RDW-CV
Hemoglobin variants n
by LPLC  (x10°/JL) (g/dL) (%) (fL) (P9) (g/dL) (%)
Hemoglobin Hope (37 4)
Heterozygous Hb Hope 49 A2FA 4.1+0.6 12.1+1.4 36.1+4.8 87.5+5.4 29.4+2.5 33.611.4 13.2+1.1
Compound heterozygous Hb Hope and Hb E 6 EF 4.1+0.5 10.4+1.2 32.6+3.8 79.4+4.8 25.5¢1.2 31.9+1.2 14.0£1.0
Compound heterozygous Hb Hope and Bo—thal 7 AZF 4.5+0.7 9.0+2.0 28.2+5.8 62.9+5.8 19.842.0 31.9+0.6 17.1+2.3
Double heterozygous Hb Hope and O-thal 1 (SEA) 2 A2FA 4.240.2 9.0+0.8 27.9+2.0 67.0+1.6 21.5+0.8 32.1+0.4 19.414.2
Double heterozygous Hb Hope and O-thal 2 (3.7 kb) 3 A2FA 3.3+1.1 7.3+3.3 23.9+9.8  69.9+13.5  21.3%5.2 30.2+1.9 18.6+7.9
Double heterozygous Hb Hope and O-thal 2 (4.2 kb) 1 A2FA 43 10.3 30.2 70.2 239 341 14.7
Double heterozygous Hb Hope and Hb CS 3 A2FA 4.2+¢1.3 10.9¢2.8  35.6+11.5  82.8+3.6 26.2+1.6 31.242.3 14.5+1.9
Compound heterozygous Hb Hope and B”-thal and heterozygous
AF 52 12.5 38.5 74.0 24.0 32.4 15.5
O-thal 1 (SEA) 2
Compound heterozygous Hb Hope and B“—thal and heterozygous
AF 53 10.5 323 60.9 19.8 323 15.3
QO-thal 2 (3.7 kb) 2
Hemoglobin Tak (Bus:erm-mmc inserlion)
Heterozygous Hb Tak 7 SA 5.7+1.4 13.644.0  43.2+11.9  76.0£9.5 24.0+4.1 31.4+1.7 16.1+2.6
Compound heterozygous Hb Tak and B"-thal 5 SF 8.1x1.4 17.412.9 56.9+10.0 68.1+7.0 20.8+2.1 30.6+0.8 22.2+3.7
Heterozygous Hb Tak with compound heterozygous O-thal 2
1 SA 59 13.7 44.0 74.5 232 31.1 15.0
(3.7 kb) and Hb CS
Double heterozygous Hb Tak and O-thal 1 (SEA) 1 SA 5.8 13.6 42.8 73.8 234 31.8 15.6
Hemoglobin Q-Thailand (O**~"*)
Heterozygous Hb Q-Thailand 8 AZSA 4.4+1.1 11.3£2.8 33.8+8.2 78.08.7 26.1+3.6 33.4+1.0 15.442.3
Compound heterozygous Hb Q-Thailand and Hb CS 1 AZSA 4.7 10.5 334 711 223 31.4 16.2
Hb H disease with heterozygous Hb Q-Thailand 1 SHBart's 3.9 8.5 27.8 71.3 21.8 30.5 20.1
Double heterozygous Hb Q-Thailand and Hb E 1 SEA 54 121 38.7 7.7 224 313 211
Hemoglobin A -Melbourne (O1asreF a0
Heterozygous Hb AQ-Merourne 1 CS?AQA 4.8 9.5 30.8 64.2 19.8 30.8 20.6
Heterozygous Hb A -Melbourne with heterozygous O-thal
2 1 CS?AA 4.6 9.8 30.3 65.8 213 323 17.0
1 (SEA) 2
Heterozygous Hb A -Melbourne with heterozygous O-thal 2
2 1 CS?AA 55 14.3 43.0 78.0 26.1 33.2 13.2
(3.7 kb) ?
Hemoglobin A -Lampang (O7erTIMTy
Heterozygous Hb A -Lampang with heterozygous Hb E and
2 1 CS?7EA 5.7 14.9 45 78.9 26.1 33.1 14.9

heterozygous O-thal 2 (3.7 kb)

Reference range of hematological parameters shown as mean+SD are as follow: RBC: male = 5.0+0.5 x10%/pL, female: = 4.3+0.5 x10°%/uL,

Hb: male = 15.0£2.0 g/dL, female = 13.5+1.5 g/dL, Hct: male = 45+5%, female = 41+5%, MCV = 9249 fL, MCH = 29.5+2.5 pg, MCHC
33.0+1.5 g/dL, RDW-CV = 12.8+1.2%
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Figure 1. The chromatographic pattern of Hb typing in a sample with Hb Hope which migrate in F-window (by LPLC).
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S-window ﬂwuluﬂﬁﬂﬂmuﬂa Hb Tak LLaz Hb Q-Thailand
mauamﬂam’mmLuamwaaaIuInauumaaowﬂwu
361 Hb, Het, RBC count 389 1¥z Ho Tak ganiiwive Ho
Q-Thailand (Table 2) 11331489970 Hb Tak DusTaTnadn
w@ﬂﬂ@mqmauumunuaaﬂsmuvlmmum’]ﬂﬂ@ (high
oxygen affinity ‘ﬁﬂ‘vﬁﬁﬂ secondary erythrocytosis e
muuwmﬂu heterozygous Hb Tak Feainden Rbc, Hb
uaz Het gaunninandn@® Tupnuzfi Hb Q-Thailand 9
1 or- -globin variant ‘VlLﬂ@m’liﬂamwuﬁﬂIﬂ@au 74 193
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Table 2. Hematological parameters shown as meantSD and statistical test of difference between Hb Hope,
Hb Q-Thailand and Hb Tak.

Hemoglobin variants Hope trait Q-Thailand trait Tak trait Kruskal-Wallis
Case (n) 49 8 7 p

RBC (x10%uL); mean +SD 4.1+0.6 4.4+11 6.3t1.5 0.001

Hb (g/dL); mean +SD 12114 11.312.8 15.9+3.1 0.002

Hct (%); mean +SD 36.1+4.8 33.88.2 50.2+11.1 0.001
MCV (fL); mean +SD 87.5¢5.4 78.048.7 80.316.0 0.001
MCH (pg); mean +SD 29.4+2.5 26.1+3.6 25.6+2.6 0.001
MCHC (g/dL); mean +SD 33.6+1.4 33.4+1.0 31.8+1.2 0.011
RDW-CV (%); mean +SD 13.2+1.1 15.4+2.3 15.1+1.4 0.001

Reference range of hematological parameters shown as mean +SD are as follow: % Rbc: male = 5.0+0.5 x10%/uL, female: = 4.3+0.5 x10°%/pL,
Hb: male = 15.0+2.0 g/dL, female = 13.5+1.5 g/dL, Hct: male = 45+5%, female = 41+5%, MCV = 9249 fL, MCH = 29.5+2.5 pg, MCHC
33.0+1.5 g/dL, RDW-CV = 12.8+1.2%
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Figure 2. The chromatographic pattern of Hb typing in a sample with Hb Tak which migrate in S-window (by LPLC).
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Figure 3.The chromatographic pattern of Hb typing in a sample with Hb Q-Thailand
which migrate in S-window (by LPLC).
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Figure 5. A LPLC chromatogram of Hb typing in a sample with heterozygous HbA2-Lampang with HbE.
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Abstract

Objective: The objective of this study was to investigate the effect of Thai elephant-assisted therapy program on
enhancing social behaviors and reducing maladaptive behaviors of children and adolescents with autistic spectrum
disorder after and during receiving the program. The participants in this study were 16 autistic children and
adolescents aged 8-18 years. They were selected by purposive sampling in order to participate in 2 types of the
elephant-assisted therapy programs: short-term (3 weeks) and long-term (6 weeks), 8 participants in each group.

Materials and methods: The instruments of research outcome measure included 1) The scale of Independent
Behavior-Revised (SIB-R) in subtests of social interaction and communication skills, and problem behaviors scale
(Bruininks, Woodcock, Weatherman, & Hill, 1996) to evaluate social and maladaptive behaviors before and after the
therapy program, 3) The record forms of social behaviors and maladaptive behaviors developed by the researcher
team to evaluate those behaviors during receiving each program, and 3) The questionnaire of satisfaction in the
therapy program.

Results: The results showed that after receiving the therapy programs of the short-term, and of the long-term,
social behaviors of both groups; in total scales, and each subscale: social interaction, language comprehension,
and language expression, were significantly increased (p<0.05). The changing scores of these behaviors were
also significantly increased during providing each program (p<0.01). Nevertheless, the maladaptive behaviors of
participants; in total behavior, asocial maladaptive behavior, and externalized maladaptive behavior were significantly
reduced after receiving the short-term therapy program only (p<0.05), except in internalized maladaptive behavior
(p>0.05). Furthermore, the comparison of the maladaptive behaviors of participants in each day was significantly
reduced during receiving each therapy program (p<0.01). In addition, the comparisons of the social behaviors and
the maladaptive behaviors’ between the groups of participants receiving the short-term and the long-term therapy
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programs were not significantly different both after and during interventions (p>0.05). From the questionnaire of
satisfaction, it was found that most parents and teachers reported high level of satisfaction in the therapy program.

Conclusions: This 2 types of programs are applicable to increase social behaviors of autistic clients, parents can
choose either the short-term or long-term therapy program; however, to reduce maladaptive behaviors of clients
with autistic spectrum disorder, they may consider the short-term one.

Keywords: Animal-assisted therapy, elephant-assisted therapy, autistic spectrum disorder, social behaviors,
maladaptive behaviors
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Table 1. Characteristics of children and adolescents with ASD who participated in the short-term and the long-term

programs, and the comparison of these between two groups using the Fisher's Exact Test.

Short-Term Program (n=8)

Long-Term Program (n=8)

Characteristics p
n % n %
Gender
Male 7 87.50 6 75.00
1.000
Female 1 12.50 2 25.00
Age (years-months)
(8-0) - (12-11) 7 87.50 6 75.00
1.000
(13-0) - (18-11) 1 12.50 2 25.00
Median 9-4 10-8
Range (min-max) (8-6) - (16-9) (8-7) - (13-7)
Diagnosis
Asperger disorder 0 0.00 1 12.50
Autistic disorder 7 87.50 6 75.00 1.000
PDD-NOS 1 12.50 1 12.50
Severity
Mild 3 37.50 3 37.50
Moderate 3 37.50 4 50.00 1.000
Severe 2 25.00 1 12.50
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mqumﬂﬁmvluwaﬂiwamamﬂuﬁmmmaa
LANLAY amuaaﬂamﬂwwuvlwamm ZIUUTY Y
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wWisuiisuazusuniolungs douuaz
wad ldsulusunsn anadandszasdda 1

3.2 mInasauvasuNnInid (The Mann-
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Table 2. The comparison of social and maladaptive behaviors scores from the SIB-R, within group and between groups

who participated the short-term and long-term programs using the Wilcoxon matched-pairs signed-ranks test

and the Mann-Whitney U test.

Short-Term Program (n=8)

Long-Term Program (n=8)

SIB-R Pre Post D Pre Post D u P
Mdn Q.D. Mdn QD. Mdn QD. Mdn Q.D. Mdn QD. Mdn Q.D.
Social interaction and communication skills
Social interaction (SI) 28.50 4.25 34.50b* 3.88 450 238 29.50 6.50 35.00b* 3.38 3,50 2.00 2550 0.492
Language comprehension (LC) 19.50 3.38 23.50b* 463 200 3.13 2850 5.38 31.00b* 525 3.00 2.00 2550 0.488
Language expression (LE) 27.50 4.00 29.50b’ 413 3.00 1.88 3150 4.75 32.50b* 400 150 0.75 17.00 0.110
Total 77.50 10.13 82.50b* 156.13 1550 7.13 87.50 19.38 97.00b* 17.50 9.50 2.38 26.00 0.528
Problem behavior
Internalized maladaptive behavior (IM) 12.00 3.50 8.50a 3.13 -1.50 125 1250 3.63 10.00a 1.88 -2.00 1.75 28.00 0.671
Asocial maladaptive behavior (AM) 6.50 2.38 4.506’ 150 -250 1.63 5.00 1.88 4.00a 0.88 -1.50 0.75 29.50 0.789
Externalized maladaptive behavior (EM) 8.00 3.25 5.008* 163 -2.00 150 5.00 3.13 4.5()a 1.38 -1.00 1.13 31.50 0.955
Total 2550 4.38 18.003* 1.38 -6.00 2.13 2250 8.38 18.00a 438 -5.00 2.50 30.50 0.874
Mdn: Median scores; Q.D.: Quartile deviation scores; D: Differences between pretest and posttest scores;
U: U-value in the Mann-Whitney U test a: posttest scores<pretest scores; b: posttest scores>pretest scores; * p<0.05
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Table 3. The comparison of changes of social and maladaptive behaviors scores from the behavioral records, within

group and between groups who participated in the short-term and long-term programs using the Friedman

test, the Wilcoxon matched-pairs signed-ranks test and the Mann-Whitney U test.

Social behaviors

c

Maladaptive behaviors

Days Short-Term Program Long-Term Program U p Short-Term Program Long-Term Program U p
(n=8) (n=8) (n=8) (n=8)
Mdn Q.D. Mdn Q.D. Mdn Q.D. Mdn Q.D.
1 65.00 12.38 70.00 6.38 19.50 0.187 25.00 7.75 26.00 6.75 28.00 0.674
2 72.00 15.13 75.00 10.00 25.00 0.462 24.00 9.25 25.00 6.13 27.00 0.599
3 78.00 14.88 79.50 12.50 24.00 0.401 23.00 8.00 25.00 5.50 26.50 0.562
4 80.00 14.50 84.00 13.13 22.00 0.293 23.00 8.13 24.00 6.00 26.50 0.562
5 84.00 15.25 88.00 13.38 21.50 0.269 22.00 7.75 22.00 5.25 30.00 0.833
6 91.00 17.38 94.00 13.63 22.00 0.294 21.00 7.50 22.00 4.88 29.00 0.751
7 98.00 17.50 99.00 11.25 23.00 0.345 19.00 6.00 21.00 6.38 27.00 0.599
8 100.00 19.75 107.00 10.13 24.00 0.399 19.00 6.50 21.00 5.88 30.00 0.833
9 111.00 20.75 110.00 12.88 27.50 0.636 18.00 6.63 20.00 6.75 29.50 0.792
10 118.00 2413 118.00 14.00 29.00 0.753 17.00 6.13 19.00 6.38 26.50 0.560
1 122.00 27.50 120.00 13.63 30.00 0.834 15.00 5.13 18.00 6.88 26.00 0.459
12 126.00 27.38 125.00 16.75 31.00 0.916 15.00 4.25 18.00 6.63 24.50 0.428
df 11 11 - 11 11 -
X 87.75 87.15 - 85.27 78.07 -
p? 0.000** 0.000** - 0.000** 0.000** -
b* b* b* b b* b* b* b - * * * * _
Compare ;5> 53% 34” 45 12” 23" 34" 45 125 23" 347 45712% 237 347 45
between
b* b* b* b* b* b b+ a* a* a a* a a a* a*
days® 56 67 78 89 56 67 78 89 56 67 78 89 56 67 78 89
b+ b* b* b* b b+ a* a* a a* a* a
910 1011 11,12 910 10,11 11,12 910 1011 11,12 9,10 10,11 11,12

A: The Friedman test;

B: The Wilcoxon matched-pairs signed-ranks test; C: The Mann-Whitney U test; Mdn: median scores; Q.D.: quartile

deviation scores; U: U-value in the Mann-Whitney U test; X*: X*-value in the Friedman test; a: decreased scores; b: increased scores;

* p<0.05; ** p<0.01
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Table 4. Mean and level of satisfaction with social behaviors and maladaptive behaviors of children and adolescents

with ASD who participated in the short-term and long-term programs from the reports of their parents and

teachers.
Satisfaction
Variables Respondents n Short-Term Program Long-Term Program
Mean Level Mean Level
Social
Parents 8 3.59 High 3.51 High
behaviors
Teachers 8 3.58 High 3.77 High
Maladaptive
Parents 8 3.78 High 3.88 High
behaviors
Teachers 8 4.07 High 4.00 High
Total Parents 16 3.59 High 3.64 High
Teachers 16 3.93 High 3.94 High
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Effects of aerobic exercise in combination with core muscle
training on minute ventilation in healthy individuals
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Abstract

Objective: The purpose of this study was to determine the effects of aerobic exercise in combination with core
muscle training on minute ventilation in healthy individuals.

Materials and Methods: Forty healthy volunteers (8 male and 32 female) aged 21.35+1.93 years were recruited.
Factor of age, gender and level of lumbopelvic stability were used in randomization. They were randomly divided
into aerobic exercise with core training group (n=20) and control group (n=20). The aerobic exercise in combination
with core muscle training group was performed aerobic exercise with core muscle training program for 30 minutes,
whereas the control group had aerobic exercise only for 30 minutes.They trained 3 times/week for 8 weeks. Minute
ventilations (VE) were measured by breath-by-breath gas analysis mechine (MedGraphic®,Ultima PFX®, UK) during
exercise before and after 8 weeks of training. Data were statistically analyzed by mixed model 2-ways repeated-
measures ANOVA using SPSS program version 17.0 with p-value of 0.05.

Results: The results showed that the effect of aerobic exercise in combination with core muscle training on VE
under the experimental group had a significant increase after 8 weeks training (p<0.05) and significantly greater
than the control group (p<0.05).

Conclusion: This study demonstrated that the aerobic exercise in combination with core muscle training had a
significant improvement in minute ventilation greater than the aerobic exercise alone. This finding could guide for

application in exercise program for improving the pulmonary performance in healthy individuals.

Keywords: Aerobic exercise, core muscle exercise, minute ventilation
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Assessed for eligibility (n=56)

Excluded (n=6)

v

Baseline measurement

: age, weight, height, LPST

- Not meeting inclusion criteria (n=6)

(n=50)

Matched pairs randomization

Group 1; Aerobic exercise with ADIM

(n=25)

Group 2; Aerobic exercise only

(n=25)

Measurement (Pre-training)

during exercise: VE

Both groups (each group; n = 25)

Both groups trained
the exercise program

(3 time/wks, 8 wks)

Withdraw

Group 1; Aerobic exercise with ADIM

—

(n=5: exercise < 80% total time)

during exercise: VE

Measurement (Post-training)

Both groups (each group; n = 20)

Group 2; Aerobic exercise only

(n=5: exercise < 80% total time)

Figure 1. Study design flow chart.
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== Aerobic with ADIM gr.

- - = Gontrol gr.
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20 4 2575 |
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5 =
]
pre training post training

. time (8 wks)

Figure 2. PeakVE of aerobic with ADIM and control groups compare between pre and post training 8 weeks.

The symbol # represents statistically significant difference (p=0.01) between pre and post training. * represents

statistically significant difference (p=0.008) between the two groups.

average VE

(L/min)
35 -

30 -
25
20
183
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2117

—§==Aerobic with ADIM gr.

~{=Control gr.

pre fraining

post training

 time (8 wks)

Figure 3. Average VE of aerobic with ADIM and control groups compare between pre and post training 8 weeks.

#= statistically significant difference (p=0.04) between pre and post training.* = statistically significant difference
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(p=0.005) between the two groups.
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Abstract

Background: Serum fluoride level can be used as an indicator of fluoride intake into the body. Moreover serum
fluoride level can be used as a biomarker for assessment, controlling and prevention of fluorosis in each area. It
was found that the areas that water was contaminated with fluoride showed the incidences of fluorosis in children.
However there was no report about the reference value of serum fluoride in children of Chiang Mai province.

Objective: To investigate serum fluoride level of children aged 8-14 years living in the Omkoi district, Chiang Mai
province.

Methods: Fasting blood samples were collected from 264 children who had fasted for 8 hours and the serum
fluoride levels were measured using fluoride selective electrode (Orion). The reference interval was calculated using
three methods of statistical analysis.

Results: The results showed that the reference interval calculated by mean+2SD was 0.000-0.084 mg/L. When the
data was calculated by means of non-parametric method the reference interval was 0.015-0.117 mg/L. Finally, the
use of converting data with logarithms indicated that the reference interval of serum fluoride was 0.011-0.112 mg/L.
Conclusion: It was documented that Omkoi district is not in the area of fluoride lode so the values obtained were
within the normal range. Thus the result from this study should be used as a normal control or the reference interval

for the assessment of fluorosis in children living in Omkoi district, Chiang Mai province.

Keywords: Serum fluoride, fluorosis, reference value
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Table 1. Characteristic of data Details of the serum fluoride obtained from sample size of 264.

Sample size Male Female Mean SD
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(persons) (persons) (persons) (mg/L) (mg/L)
264 95 169 0.0429 0.0366 3.231
Range between Max Min i - . . .
. Median (mg/L) 25" percentile 75" percentile
Max & Min (mg/L)_ (mg/L)
0.274 0.285 0.0110 0.0310 0.0230 0.0498
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Abstract

Objective: To study the effect of noise removal filters on the quality of digital radiography used low exposure
techniques.

Methods: The method began with finding an appropriate exposure technique for anthropomorphic chest phantom
and subsequently decreasing the exposure technique, taking radiography, calculating SNR on digital radiographic
images in bone regions and background regions. Next, filtering noise in the low exposure images by using 4 filters
included with low pass filter, Gaussian filter, median filter and modal filter. All of images were assessed on image
quality by 3 radiologists.

Results: The appropriate exposure technique for anthropomorphic chest phantom was 81 kVp 8 mAs. The low
exposure techniques were 81 kVp and mAs values were 6.3, 4, 2 mAs. When we calculated the SNR on the
digital radiographic images in bone region before using noise removal filters, we found the SNR were 70.29, 59.77,
55.85, and 45.71, respectively. In background region, the SNR were 14.29, 12.84, 12.28 and 10.69, respectively.
The results of using four types of noise removal filters showed the SNR increasing. One way ANOVA showed no
significant difference (p>0.05). However, filter which provided the highest SNR was modal filter. In bone region,
the SNR were 99.56, 84.41 and 85.32, respectively. In background region, the SNR were 22.33, 43.37 and 21.63,
respectively. The results of image quality assessment by 3 radiologists had similar values between low exposure
images with filters and appropriate exposure images (ICC=0.929).

Conclusions: The result of the study demonstrated that the effect of noise removal filters of low exposure images
affect an increase of SNR while maintaining images of adequate quality for diagnosis and also help patients receive

less radiation dose by setting the lowest exposure technique 81 kVp 2 mAs.

Keywords: Noise, digital radiography, exposure techniques, image quality
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Table 1. The standard exposure index for digital radiography provided by different manufacturers (adapted from Andriole
KP, Ruckdeschel TG, Flynn MJ, Hangiandreou NJ, Jones AK, Krupinski E, et al. ACR-AAPM-SIIM practice
guideline for digital radiography. J Digit Imaging. 2013 Feb; 26(1): 26-37).

Three incidents exposures to the detector

Type of system and Manufacturer Symbol 0.5 mR 1mR 2mR
5 uGy 10 uGy 20 uGy
Fuji CR S 400 200 100
Kodak CR (Carestream) El 1700 2000 2300
Agfa CR IgM 2.0 23 26
Canon DR REX 50 100 200
IDC DR F -1 0 1
Philips DR El 200 100 50
Siemens DR El 500 1000 2000

*mR (milliroengent) is a unit of radiation exposure. uGy (microgray) is a unit of radiation absorbed dose
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Figure 2. Region of interest (ROI) on digital radiographic images in bone regions (A) and background regions (B).
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Figure 3. The convolution process implies the usage of a convolution mask.
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Table 2. The results of noise calculation in low exposure images 81 kVp and 6.3, 4 and 2 mAs.

kVp (Non-grid) mAs Exposure index Noise
81 6.3 1618 0.40
4 1440 0.50
2 1195 0.71
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Figure 4. Comparison of histogram of an appropriate exposure image (A),
low exposure image 81 kVp and 6.3, 4 and 2 mAs (B)-(D).
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Figure 5. Comparison of SNR in bone regions and background regions after used noise removal filters in
low exposure image 81 kVp and 6.3, 4 and 2 mAs (A)-(C).
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Table 3. The results of image quality assessment by 3 radiologists.

Exposure technique

Type of filter

Image quality assessment

scores radiologist

1 2 3
2 mAs Low pass filter 14 12 12
2 mAs Median filter 14 12 12
2 mAs Modal filter 14 12 12
2 mAs Gaussian filter 14 12 12
4 mAs Low pass filter 14 12 12
4 mAs Median filter 14 12 14
4 mAs Modal filter 14 12 14
4 mAs Gaussian filter 14 12 15
6.3 mAs Low pass filter 14 12 14
6.3 mAs Median filter 14 12 14
6.3 mAs Modal filter 14 12 14
6.3 mAs Gaussian filter 14 12 14
8 mAs No filter 14 12 14

Table 4. The results of statistical test by Intraclass Correlation Coefficient (ICC).

95% Confidence

F Test with True Value 0

interval
Intraclass correlation

Lower Upper
Value df1 df2 Sig

bound bound
Single measures 0.813 0.723 0.877 16.230 77 154 0.000
Average measures 0.929 0.877 0.955 16.230 77 154 0.000
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