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However, there is limited evidence for a clinical assessment of gait speed in
patients with neck pain.

Objectives: To investigate maximum gait speed using the timed 10 meter walk test
in individuals with and without neck pain. Relationships between gait speed and
characteristics of neck pain were also determined.

Materials and methods: Twenty six men and women aged between 18 and 59 years
with chronic neck pain and 26 healthy controls of similar age and gender were
recruited into the study. Participants were instructed to walk barefoot at their
maximum speed along a 10 meter walk way. Time was recorded for the intermediate
6 meters. Test was performed twice and mean maximum gait speed was calculated
for analysis.

Results: Participants with neck pain demonstrated a slower gait speed during
walking at maximum speed compared to the control group (p<0.001). Maximum
gait speed was moderately correlated with neck pain intensity (p<0.001) and
disability (p<0.01).

Conclusion: Individuals with neck pain walked slower than those without neck
pain at maximum speed, indicating that gait is compromised in individuals with
neck pain. Gait assessment should be considered in patients with neck pain and
the timed 10 meter walk test can be used as a clinical test.

Introduction

investigating gait parameters during walking with and

Control of balance and gait is complex and depends on
sensory inputs from visual, vestibular and somatosensory
systems including cervical proprioception.*? It is well
documented that abnormal cervical afferent input contributes
to postural instability.>* Several studies demonstrated that
patients with neck pain had decreased stability during
both static and dynamic standing balance.*® There is also
a growing body of research suggesting that patients with
neck pain had altered gait characteristics.”® Poole et al.
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without head turns using a stride analyzer found that elders
with neck pain had a decrease in self-selected gait speed
and cadence when walking with head turns.? Likewise,
Uthaikhup et al. using GAITRite instrumentation demonstrated
that patients with chronic neck pain had slower gait speed,
shorter step length, and narrower step width during walking
with head movements and at maximum speed compared
to healthy controls.® These findings indicate that patients with
neck pain have gait disturbances. However, implementing
such research results in clinical practice is still limited as
only sophisticated equipment like GAITRite and stride
analyzer was used.?®

A timed 10 meter walk test is a frequently used
measurement for gait speed. It has been recommended as an
important indicator of physical performance and associated
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with risk for falls.’**? It is a simple, quick, and inexpensive
gait evaluation. It was also shown to have good validity
and reliability.** Timed 10 meter walk test has been widely
used to measure gait speed in various populations such as
elderly,*> and patients with neuromuscular,*® neurological,*”
and orthopedic conditions.*® It can be performed at
preferred walking speed or fastest speed possible. However,
evidence suggests that the fastest gait speed provide a better
assessment when compared to self-selected speed as it
measures the ability to adapt gait speed to environmental
demands.*®

As there is a limited evidence for a clinical assessment of
gait speed in persons with neck pain, this study aimed to
investigate gait speed in individuals with neck pain
compared to healthy controls using timed 10 meter walk
test. Gait disturbances associated with neck pain are
frequently observed during challenging gait tasks.”?° Thus,
maximum gait speed was chosen to be measured in this
study. The relationships between maximum gait speed and
characteristics of neck pain (intensity, duration and
disability) were also determined as a previous study found
a significant relationship between postural sway and
pain intensity in patients with non-specific neck pain.?* The
findings of this study would support the contribution of
cervical afferent input to postural control system and have a
direct application to patients with neck pain.

Materials and methods

Participants

Twenty six participants (age range 18-59 years) with
idiopathic neck pain and 26 healthy controls of a similar
age and gender participated in the study. All participants
were recruited from local hospitals, physical therapy clinics,
universities and communities. To be included in the neck
pain group, participants had to have neck pain for morer
than 3 months with a score of at least 10 out of 100 on
Thai version of the Neck Disability Index (NDI-TH).??
They might have either dizziness or headache associated
with neck pain. The control group had no history of neck pain,
headache or dizziness in the past 6 months. Participants
were excluded if they had a previous history of neck injury,
known or suspected vestibular pathology, neurological
and musculoskeletal conditions that could affect postural
control, and taking more than four medications.? All eligible
participants were asked to refrain from consuming alcohol
and taking analgesic/muscle relaxant medications for at
least 24 hours prior to testing.

Ethical approval for the study was obtained from
the ethical review committee for research in humans,
Faculty of Associated Medical Sciences, Chiang Mai University
(Ref. no AMSEC-60EX-023). All participants signed a written
informed consent before the commencement of the study.

Questionnaires

All participants completed a general questionnaire
designed to collect demographic data, characteristics of
neck pain, dizziness symptoms and treatment, if relevant.
Participants with neck pain also completed a 10 cm Visual
Analogue Scale (VAS) and the NDI-TH. VAS was used to

measure intensity of neck pain?* while NDI-TH was used to
determine how neck pain affects an individual’s daily life.?®
NDI-TH consists of 10 items including pain intensity, personal
care, lifting, reading, headaches, concentration, work, driving,
sleeping, and recreation.?® Total possible score ranges from
0 to 50 and can be expressed as percentage. A higher score
indicates greater disability.?> NDI-TH was shown to be a
reliable measure of functional limitation and disability in
Thai persons with neck pain.?

Gait speed measure

The timed 10 meter walk test (TMW) was used to
measure gait speed. Color tape was placed on the floor to
mark the beginning and end of a 10 meter distance, with
additional marking line at 2 and 8 meters. Participants
were asked to walk barefoot with their maximum speed.
Specific verbal instructions were given prior to the test:
“I will say: ready, set, go. When | say ‘Go’, walk as fast as
you safely can until | say stop”.2® Time for the intermediate
6 meters was measured to allow for acceleration and
deceleration by a digital stopwatch.?” Each participant
performed the test twice.?® Maximum gait speed (m/s) was
calculated by dividing distance walked (6 m) by time (s)
required to complete the trial. Maximum gait speed was
computed for each trial and mean value was used for analysis.

Statistical Analysis

Sample size calculation was based on our pilot study
(5 participants with neck pain and 5 controls). The means
of maximum gait speed were 1.93+0.59 m/s for the neck
pain group and 2.53+0.81 m/s for the control group.
The sample size required for each group was 26 (effect size
=0.80, power =0.80 and significant level =0.05).

All data were presented by descriptive statistics.
Kolmogorov-Smirnov test was used to test a normal distribution
of gait speed data. Independent t-tests were used to analyze
differences in demographics and maximum gait speed
between the neck pain and control groups. Pearson’s
correlation coefficients were used to determine the
relationships between maximum gait speed and pain
intensity (VAS score), disability (NDI-TH score) and pain
duration. Significance was set at 0.05. All statistical analyses
were conducted using SPSS statistical package.

Results

Demographic characteristics of the participants are
presented in Table 1. There were no significant differences
between the groups with respect to age, gender, weight,
height, and body mass index (all p>0.05). Thirteen (50.00%)
participants with neck pain received treatment (i.e.
medicine, modalities, massage and acupuncture) to relieve
their pain.

Mean and standard deviation (SD) values of maximum
gait speed for the neck pain and control groups were
1.49+0.17 m/s and 1.7920.17 m/s, respectively. Independent
t-test revealed that the neck pain group had significantly
slower gait speed than controls (p<0.001).

Results of Pearson’s correlation coefficients revealed
that maximum gait speed was moderately negatively
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correlated with VAS and NDI-TH scores (p<0.001 and p<0.01,
respectively) (Table 2). There was no correlation between

maximum gait speed and pain duration (p>0.05).

Table 1 Demographic data for the neck pain and control groups.

Neck pain (n=26)

Controls (n=26)

Age (years) 31.80+11.10
Gender (% female) 57.69
Weight (kg) 63.77+£14.83
Height (cm) 163.31+8.10
Body mass index (kg/m?) 23.87+5.28
Neck pain and disability (% NDI) 22.00£13.30
Neck pain intensity (0-10 VAS) 4.90+1.97
Neck pain duration (months) 26.46126.36
Pain on the testing day (%) 84.62
Dizziness (%) 26.92

29.54+10.26
57.69
59.23+12.35
162.42+9.13
22.42+4.12

0

Note: Data are presented as mean+SD unless otherwise indicated. VAS: Visual analogue scale. NDI: Neck disability index.

Table 2 Correlations between neck pain characteristics and gait speed .

Gait speed
Pain intensity (VAS score) -0.67**
Neck pain and disability (NDI score) -0.59*
Pain duration -0.22

Note: *p<0.01, **p<0.001, VAS: Visual analogue scale, NDI: Neck disability index.

Discussion

The study demonstrated that participants with neck
pain had slower gait speed during walking at their maximum
speed compared to healthy controls. There were also
relationships between higher levels of pain intensity and
disability and slower gait speed. Our results support the
notion that patients with neck pain have altered gait
characteristics which may be resulted from abnormal cervical
affferent inputs.?

A slower gait speed in individuals with neck pain in
this study is consistent with previous findings which gait speed
was measured with sophicated equipments.®® This may
imply that timed 10 meter walk test as a clinical assessment
is useful for assessing gait speed in individuals with neck
pain. The mean of maximum gait speed in our neck pain
participants was relatively similar to that reported in patients
with neck pain in Uthaikhup et al’s study® (1.49£0.17 m/s in
this study and 1.55+0.18 m/s in Uthaikhup et al’s study).
However, our participants with neck pain tend to walk
slower at maximum speed compared to caucasian people
with a similar age (2.34+0.34 m/s).?® Evidence suggests
that slower gait is associated with increased risk of falls.?*3°
Although the prevalence of falls in people with neck pain is
unknown, decreased maximum gait speed may be associated
with falls in this population, especially in more challenging
enviroment.

Altered cervical afferent input may contribute to

decrease in maximum gait speed in our participants with
neck pain.'? It is well known that afferent information from
vestibular, visual, and proprioceptive systems is important
for control of postural stability and locomotion.?! If one
source of information is disrupted, it can cause declines in
the maintainance of postural stability and locomotion.'?
Cervical spine has a high percentage of muscle spindles
providing proprioceptive information.?>3* Previous studies
suggested that pain originating in the neck could alter muscle
spindle sensitivity and cervical afferent input.?** Thus,
decreased maximum gait speed may be due to a mismatch
between aberrant cervical proprioception and other normal
sensory afferent inputs, or changes in sensorimotor
integration.'? Alternatively, maintaining dynamic balance
is suggested to be an important component of walking
function.®* A previous study demonstrated that patients
with neck pain had an impaired dynamic balance when
compared with healthy controls.® While maximum gait
speed is progressively more challenged and requires
greater dynamic stability,® a slower gait speed may be
a compensation related to postural instability during walking
in participants with neck pain. However, it was noted that
about 27% of our individuals with neck pain reported
dizziness associated with neck pain. Dizziness symptom
may influence slower gait speed in our participants with
neck pain. Further research in this area is warranted.

In this study, decreased gait speed was moderately
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correlated to pain intensity and disability. Participants with
highers level of neck pain and disability tended to walk
slower than controls at their maximum speed. This result
is in accordance with a previous study which demonstrated
a moderate correlation between maximum gait speed and
pain intensity and disability using GAITRite instrumentation.®
No correlation between maximum gait speed and neck
pain duration was found in this study. Likewise, decrease in
postural stability was found to be related to a higher level
of pain intensity but not pain duration in patients with neck
pain.?

There are some limitations of this study. A few
participants had dizziness associated with their neck pain.
However, previous studies found impaired postural stability in
neck pain patients either with or without dizziness but to
a different extent.**> Additionally, individuals may adjust
their gait speed based on their strength. Lower extremity
muscle strength was not measured in this study but our
participants were relatively young and active and had no
other musculoskeletal problems. Further investigation
is required to clarify influence of dizziness on gait speed
in patients with neck pain. A relationship between gait
speed and falls in patients with neck pain should also be
addressed in future research.

Conclusions

This study suggests that timed 10 meter walk test is
a clinically useful measurement for assessing gait speed in
individuals with neck pain. Individuals with neck pain had
decreased gait speed during walking at maximum speed.
Additionally, decrease in maximum gait speed was
moderately correlated with higher levels of neck pain intensity
and disability. Maximum gait speed should be considered
in clinical assessment and mangement of neck pain.
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ARTICLE INFO ABSTRACT

Article history: Background: The mathematical operation of logarithm data follows the rules of
Received 30 June 2017 logarithm as the numbers relate to specific meanings. The numbers prior to the
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result in errors in statistical calculations and lead to erroneous conclusions and

Keywords: S .
eventual miss-interpretation of data.

Geometric mean, logarithm, measurement

uncertainty, viral load Objectives: The principal aims of this study were to demonstrate and discuss several

commonly made mistakes in calculation of logarithm data of viral load assays,
and the subsequent errors in calculation of precision that affects the estimation of
measurement uncertainty of the test.

Materials and methods: The study reviewed scholarly articles in 2017, using’ viral load’
as a keyword. Several sets of log data from inter-laboratory comparison of human
immunodeficiency virus (HIV) load and multi-center evaluation of cytomegalovirus
(CMV) load assays were used for this study to demonstrate the errors in calculation
when the statistical calculations were performed using logarithm data.

Results: It was observed that presentation of average viral load data as arithmetic
mean and calculation of other statistical measures directly from log viral load data
was quite common, in spite of that fact that such average was log geometric mean
of the viral load. Standard deviations (SD) calculated directly from log viral loads
gave a new-undefined values that were irrelevant to the deviation of viral load
from its mean. Such errors in SD calculation lead to extraordinarily low coefficient
of variance and very low measurement uncertainty.

Conclusion: The SD, calculated from the log, and those SD calculated from the viral
load per milliliter are different. Mathematically, such statistics should be calculated
from the number of viruses per milliliter and could then be converted to a log scale
for downstream use. Traditionally, the SD were calculated from the log which was
very low. This study recommends that for all statistical measures, the absolute value
is important, should use the viral load per milliliter in the calculations and then
convert it into a log scale for correct usage.
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Introduction

It is mathematically obsolete to calculate statistical
measures directly from logarithmic data, given the fact that
such log data have very specific meaning, i.e., all numbers
prior to the decimal point are only the level or the mantissa
and all numbers after the decimal points are characteristics
or the significant figures.>?

The value of the numbers after the decimal point are
limited in the range of 1 to 10, not 0 to 1 as the normal values
whereas the numbers before the decimal points range
from 10 to +infinity, and not 1 to + infinity. Mathematical
operations typically comply with logarithmic rules, especially
when the absolute values have certain meaning or are
relevant to the subsequent interventions such as human
immune deficiency virus (HIV) viral load which is one of
the important surrogate markers for monitoring acquired
immune deficiency syndrome (AIDS) progression, which
in turn determines the therapeutic failure or success for
a patient. A systematic review of the accuracy and precision
of HIV viral load determination methods reveal that for
treatment monitoring the average intra and inter assay
precision of 3-5 % for the two US-FDA approved assays,
Amplicore Monitor v 1.5 and Abbott Realtime HIV-1.3 Such
extremely low precision might relate to the direct calculation
of the mean and standard deviations (SD) directly from
the log values and thus, reflect a very low coefficient
of variance (CV). Another study described the SD of
cytomegalovirus (CMV) load assays from three laboratories
and reported an overall SD of 0.18 log,  or 0.15 copies/mL
which was too low for any real assay.* This study, therefore
presented the common errors in calculation and presentation
of statistics from logarithm (log) data. Thus, one needs to
avoid these errors when using HIV load as a study model
for further therapeutic interventions. Results reported
from this study on CMV load assays were also included in
the analysis, for the completeness of the raw data and for
its relevance to the statistical treatment of the data. We
found that the two calculated SD were different, i.e. the
first method used SD of logarithmic data of HIV load and
the second method used logarithm of SD that were
calculated from absolute data of HIV load. These conditions

easily lead to confusion in data interpretation prior to any
further applications.

Materials and methods

In this study, we reviewed published scholarly articles
from 2017 by searching key terms such as “levels of HIV-1"
using Google Scholar as a literature database to observe
the presentation of the average levels of HIV loads; e.g.
arithmetic and/or geometric mean. The tables of the CMV
load ®> were checked for the errors in statistical calculations,
using Microsoft Excel ((Microsoft Corporation, Redmond, WA).
Robust statistical measures was applied for inter-laboratory
comparisons of HIV loads reported from 11 medical laboratories,
using AMC Robstat as a Microsoft Excel add-in program.®

Results

Errors in calculation and presentation of statistics from
log data

From a Google Scholar search conducted on June 12,
2017, there were 2,190 research articles displaying mean or
average HIV load, and 1,470 articles providing geometric
mean HIV loads, whereas only 222 articles displaying
arithmetic mean HIV loads. The arithmetic and geometric
means were not comparable. Indeed, the arithmetic mean
of log HIV load was just the log geometric mean of HIV
load, if this mean was calculated directly from the summation
of log HIV load divided by number of observation, as simply
proved by the following calculation.

Let x was HIV copies/mL, and n as number of observations
and geometric mean =(x1+x2+...+xn)"" Then, log  geometric
mean of log HIV equaled 1/n(Zlogx) or was equivalent to
what most publications stated as mean or arithmetic mean
of log HIV load.

It is obsolete to calculate and present HIV load as
arithmetic mean if the study directly calculated the arithmetic
mean HIV load from log HIV load, given that such an arithmetic
mean is just the log geometric mean and both values are
not always comparable. Such errors are demonstrated in
Table 1.

Table 1 A hypothetical HIV load from an inter-laboratory comparison consensus HIV load, log copies/mL=5.85.

Laboratory | A.log HIV | B.copies/mL | C.convertB.tolog | RobustZfromlog | RobustZfrom copies/mL
1 5.99 9.77E+05 5.99 0.256 0.573
2 5.85 7.08E+05 5.85 0.000 0.000
3 5.04 1.10E+05 5.04 -1.481 -1.273
4 5.03 1.07E+05 5.03 -1.499 -1.278
5 5.97 9.33E+05 5.97 0.219 0.479
6 5.96 9.12E+05 5.96 0.201 0.434
7 5.01 1.02E+05 5.01 -1.536 -1.288
8 5.99 9.77E+05 5.99 0.256 0.573
9 5.04 1.10E+05 5.04 -1.481 -1.273
10 5.00 1.00E+05 5.00 -1.554 -1.293
11 5.91 8.13E+05 5.91 0.110 0.233
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Table 1 A hypothetical HIV load from an inter-laboratory comparison consensus HIV load, log copies/mL= 5.85. (continues)

Statistics A. from log B. from copies/mL | C. convert B. to log
Mean 5.526 5.318E+05 5.726
Geometric mean 5.507 3.360E+05 5.526
Median 5.850 7.079E+05 5.850
SD 0.483 4.148E+05 5.618
CV.% 8.73 78.00 78.00

Difference of arithmetic mean and geometric mean of
HIV load

The information collected from the literature showed
that if the data were quite closed or clustered in a narrow
range, the arithmetic and geometric mean were same.
This characteristic was also observed for blood pH by Boutilier
and Shelton 1979.7 Rare HIV load data sets might behave
like those of blood pH variation; e.g. the HIV load from
inter-laboratory comparison based on the same specimens,
using the same analytical system and performed by personnel
with comparable skills and competencies. The arithmetic
and the geometric means were not much different when
the study dealt with the variation of the last 3 digits of log
data. This trend was similar to blood pH which was strictly

controlled at the physiological range which is very narrow.
It is clear that such conditions are not applicable to viral
load data where the analytical values are far more variable.

A previous study reported on the failure in statistical
calculations from log values® using data from a multi-centered
evaluation of CMV load. This study reported that the study
calculated arithmetic means from log CMV load data from
23 participants and obtained the mean CMV loads in log_
as 2.96, 3.81, 4.77 and 5.66 copies/mL. In contrast, the
mean CMV load calculated from copies/mL and converted
into log,, were 3.33, 4.21, 5.14 and 6.19 copies/mL for the
samples of known CMV load of 2.7, 3.7, 4.7 and 5.7 copies/mL
respectively. These errors are described in details in Table 2.

Table 2 Mean CMV load in log scales from 23 laboratories participating the multi-center evaluation of CMV load assays.

Known CMV Viral DNA Panel
Laboratory 2.70 copies/mL 3.70 copies/mL 4.70 copies/mL 5.70 copies/mL
1 412 4.37 5.08 5.97
2 * * 4 4.78
3 3.27 4.04 5.18 5.74
4 2.92 3.89 5.01 5.75
5 2.54 3.17 4.47 5.02
6 3.02 3.64 4.79 5.94
7 3.53 4.72 5.77 6.58
8 3.06 3.98 4.97 6.02
9 2.79 3.59 4.76 5.7
10 3.36 4.31 5.27 6.25
11 2.77 3.84 4.92 5.93
12 2.98 3.76 4.63 5.68
13 2.59 3.8 4.71 5.66
14 4.08 5.2 6.1 7.25
15 2.04 3.2 4.26 5.56
16 2.71 3.68 4.73 5.67
17 * 3.45 4.14 4.75
18 2.51 3.5 4.62 5.63
19 * 3.29 4.3 4.97
20 2.6 3.68 4.72 5.68
21 2.53 3.54 4.46 5.47
22 2.3 2.95 3.74 4.83

(*CMV loads were less than 50 copies/mL, statistics are calculated directly from log CMV load values with the values calculated from copies/mL in

parenthesis after each statistics)
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Table 2 Mean CMV load in log scales from 23 laboratories participating the multi-center evaluation of CMV load assays.

(continues)
Known CMV Viral DNA Panel
Laboratory 2.70 copies/mL 3.70 copies/mL 4.70 copies/mL 5.70 copies/mL
23 3.41 4.3 5.04 5.45
Mean* 2.96 (3.33) 3.81(4.21) 4.77 (5.14) 5.66 (6.19)
SD* 0.54 (3.57) 0.53 (4.53) 0.53 (5.43) 0.58 (6.56)
%CV* 18.40 (171) 13.86 (209) 11.17 (196) 10.20 (256)

(*CMV loads were less than 50 copies/mL, statistics are calculated directly from log CMV load values with the values calculated from copies/mL in

parenthesis after each statistics)

Most seriously affected statistics were calculated directly
from log values of SD

The SD reported in the articles were a new terminology
since mathematical operations do not conform to logarithmic
rules. The SD from log viral load were irrelevant to the SD
of viral load, and thus, could not be converted back to the SD
since it was SD of the log values. The common characteristics
of these special SD were extraordinarily low SD, typically
as low as 0.5 or lower. From the same study on CMV load,
very low SD of four samples as log CMV as 0.54, 0.53, 0.53
and 0.58 copies/mL were reported, which when converted
to copies/mL were 3.5, 3.4, 3.4, and 3.8 copies/mL,
respectively. When SD is computed from copies/mL, the
SD after conversion into log scales are 3.57, 4.53, 5.43, and
6.56 which when converted into copies/mL were 3.7x103,
3.4x10% 2.7x10°, 3.6x10° copies/mL, or 10° to 10° folds to
those calculated from the log viral load data, respectively.
Such irrelevant SD showed lower deviation and claimed
higher precision of the assay as very low SD.

One suggestion for handling these log SD viral load
was that simple addition and subtraction of anti log SD
should not be performed, but multiplication and division
are acceptable. This approach does not have a sound basis
for this specific special treatment of SD, given that SD is
a measure of deviation from mean. For example, mean
CMV load and SD in log scale were 2.7 and 0.5, respectively,
where mean+SD should have been 2.7+0.5 or anti log 3.2
which corresponds to only 1,585 copies/mL. However,
the general operation resulted in antilog 2.7 + antilog 0.5
equal to 504 copies/mL. Both are irrelevant to the SD of
the test assay of 3.57 log CMV load which corresponded to
4,217 copies/mL.

The use of plasma HIV RNA levels as surrogate
markers® for monitoring the progression of AIDS and
efficacy of therapy, as a threefold change or 0.5 log scale
change was derived from another study cohort. This three-fold
change was one of the strongest predictor, but the three-fold
change was not derived from the precision or corresponding
SD of any laboratories, except that the same laboratory
produced this data.

Erroneous calculation of mean and SD resulted in the
estimation of measurement of uncertainty of the test
method

At least two types of uncertainties add up to represent
the measurement of uncertainty of a quantitative evaluation
system. Type A uncertainties are those of quality control

material used in routine works and type B uncertainties
relate to the calibrators provided from the manufacturers.
From the CMV data mentioned earlier, if mean and SD
were both calculated directly from log CMV as 2.7 and
0.54, the relative type A uncertainty would be 3.5/501 or
0.007 copies/mL and the standard uncertainty of type B
was calculated to be 3 %. According to the policy and
requirement on estimation of uncertainty measurement
and traceability NO715007 of Thailand Accreditation Body,*
the combined relative uncertainty is defined as the square
root of summation of (relative uncertainty) 2 which equals to
0.031 and the expanded uncertainty is only 0.062 copies/mL.
However, the corrected mean and SD of 3.33 and 3.57
expanded the uncertainty to 3.48 copies/mL or 56 times
more than those calculated from logarithm values. For
log CMV of 2.8, a physician might get wrong uncertainty
and would predict the result as 631+39 copies/mL for the
measurement of uncertainty using direct calculation from
the logarithm value while the corrected one would be
631+2194 or 0-2825 copies/mL.

Algorithm A for robust z-score analysis of the proficiency
testing result.

There was no indication that such log values could
be directly analyzed by this robust z-score statistics.
Fortunately, robust statistics used median as the average
and the final grading of participant laboratory results of
log viral load was still the comparable to using copies/mL.
However, the value of each z-score has a specific meaning,
not just satisfied or not, but also how the values were far
from the consensus ones, thus, helping the participant
laboratories to improve their testing quality. Some robust
statistics are illustrated in Table 1.

Discussion

Direct calculation of arithmetic mean from log viral
load data yields a false arithmetic mean as it is just a log
geometric mean of the HIV load. Direct calculation of standard
deviation provides a new undefined statistical measure
which tends to over express extremely low SD and hence
provide extraordinarily high precision as well as very low
measurement uncertainty. The robust z-scores for scoring
the laboratory-specific performance of the participants
in proficiency testing programs using log data certainly
provide imprecise and unreliable results. These errors may
affect the clinical usage of the viral load when such precision
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is low and might alter the treatment by misleading lower
precision of the assay. This study has reviewed such errors
and has suggested calculation of statistics directly from
the viral copies/mL and then performing a log-transformation
for further applications. The measurement of uncertainty
may also apply the mean and SD from the copies/mL of
internal quality control (QC) as type A uncertainty and
acquire type B uncertainty from the manufacturer that
is derived from the copies/mL. However, this study only
showed that SD calculated by both methods, one using log
of SD and the other was SD of log, were not the same at
all, and are neither comparable nor convertible. More
exhaustive mathematical studies shall verify this claim in
future studies. However, the QC of laboratory report will
be confusing for actual SD transformed to log scale which
is different from standard methods using SD of log HIV load
values. This study therefore reminds investigators dealing
with log data if its absolute value would be interpreted to
some comparison such as the viral load assays. The paper
does not lower the value of logarithm for other purposes
that apply relative log values in risks modeling or logistic
regression. More exhaustive approaches may be needed
to gather insights on suitable application of these data.
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Background: Many kinds of sulfated glycosaminoglycans (GAGs) play an essential
role in both physiological and pathological conditions. Most of them are obtained
from animal sources, and used as nutraceuticals or therapeutic applications.
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Objectives: In this study, we aimed to screen for the presence of sulfated GAGs
from 8 locally available plants, including ginger (Zingiber officinale), turmeric
(Curcuma longa), star fruit (Averrhoa carambola), Namwa banana (Musa ABB
‘Kluai Namwa’), bitter gourd (Momordica charantia), purple-fruited pea eggplant
(Solanum trilobatum), noni (Morinda citrifolia), and finger root (Boesenbergia
rotunda).

Keywords:

DMMB, uronic acids, glycosaminoglycans,
agarose gel electrophoresis,
spectrophotometry

Materials and methods: All plants were extracted, and sulfated GAGs from the
extracts were investigated by dimethylmethylene blue (DMMB) dye-binding assay,
uronic acid assay, UV-Vis spectrophotometry, and agarose gel electrophoresis.

Results: DMMB dye-binding and uronic acids assays revealed the presence of sulfated
GAGs in all extracts with various degrees of sulfated GAGs levels. These results
correlated to UV-Vis spectrophotometry that showed the maximum absorbance
peaks from all extracts at 190-210 nm, which was similar to sulfated GAGs standard
absorption. Interestingly, agarose gel electrophoresis suggested that sulfated GAGs
in all extracts exhibited diverse patterns in alcian blue, toluidine blue and safranin
O staining.

Conclusion: Our results indicate that all plant extracts contain sulfated GAGs at
certain levels, which could be a new approach for future study in bioprospecting.

GAGs depending on their sulfation: non-sufated GAGs,
such as hyaluronic acid (HA); and sulfated GAGs, such as
chondroitin sulfate (CS), dermatan sulfate (DS), heparin (HP),
heparan sulfate (HS), and keratan sulfate (KS).2* These GAGs
are naturally found in animals, and most of them are
incorporated with core proteins to form proteoglycans (PGs)
in the extracellular matrix (ECM), or plasma membrane in
various cell types. The GAGs backbone of PGs (also PGs
themselves) play an important role in both physiological and

Introduction

Glycosaminoglycans (GAGs), also called
heteropolysaccharides or mucopolysaccharides, are
classified as carbohydrates. Their structures consist of long
linear polymer of repeated disaccharide units, comprising
uronic acids with either N-acetylglucosamine (GlcNAc) or
N-acetylgalactosamine (GalNAc).! There are two types of
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pathological conditions, including inflammation, wound
healing, coagulation cascade, cell behavior, tissue development,
tumorigenesis and metastasis.>'” Owing to their functions,
some medical aspects of GAGs as nutraceuticals or therapeutic
applications are widely studied, and most of them are
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derived mainly from animal sources.®!° For example, CS
derived from bovine and shark cartilage is used as
pharmacological agent or dietary supplement for osteoarthritis
treatment.?*2* Pharmaceutical heparin, usually obtained
from bovine lung or porcine intestinal mucosa, is also used
as anti-thrombotic agent.?*?* In contrast to GAGs isolated
from animal sources, little is known about GAGs isolated
from plants. However, some studies have implied the
presence of GAGs, and their biological effects from some
plant species. For instance, there have been found GAGs
which show heparin-like activity in the higher plants,
including Filipendula ulmaria, Paeonia anomala, and Paeonia
suffruticosa.?®? The presence of GAGs-like glycans have
been observed in marine plants; Ruppia maritima, Halodule
wrightii, Halophila decipiens, Avicennia schaueriana,
Rhizophora mangle; and freshwater plants; Eichhornia
crassipes, Hydrocotyle bonariensis, Nymphaea ampla.?*3!
Interestingly, the study of Orthosiphon stamineus, a medicinal
plant which is widely distributed in Malaysia, and also Africa,
revealed the presence of GAGs structure with uronic acids
by FTIR and NMR analysis.?? In addition, previous studied
have exhibited the pressence of GAGs in crude garlic
and mushroom extracts, which were detected by
dimethylmethylene blue (DMMB) dye-binding assay and
UV-Vis spectrophotometry.3*** As a consequence to these
findings, we thought that screening for GAGs from
terrestrial plants should be an interesting approach.
Hence, the aim of this study was to screen for the presence
of sulfated GAGs from 8 terrestrial plant extracts, including
ginger, turmeric, star fruit, Pisang Awak banana, purple-fruited
pea eggplant, bitter gourd, noni, and finger root.

Materials and methods

1. Preparation of plant extracts

One hundred grams of each sample, comprising
ginger (Zingiber officinale), turmeric (Curcuma longa), star
fruit (Averrhoa carambola), Namwa banana (Musa ABB
‘Kluai Namwa’), bitter gourd (Momordica charantia),
purple-fruited pea eggplant (Solanum trilobatum), noni
(Morinda citrifolia), and finger root (Boesenbergia rotunda)
were extracted as previously described with some
modifications.3> Briefly, each sample was extracted in
deionized water pH 4.5 at 37 °C in water bath for 18 hours.
Then, the extracts were boiled for 10 minutes, filtered
through a muslin cloth and Whatman filter papers, and
centrifuged. After that, supernatant of the extracts was
collected, and the same extracts were pooled together. These
crude plant extracts were then lyophilized, and stored at
-20° C until they were used for the experiments. About 5 mg
of each plant extract powder was dissolved in 1 mL
of deionized water, and subjected to analyses unless
otherwise noted.

2. Measurement of glycosaminoglycan levels

The levels of sulfated GAGs in the extracts were
determined by 1,9-dimethylmethylene blue (DMMB)
dye-binding (Sigma-Aldrich, USA) assay using chondroitin
sulfate (CS) (Sigma-Aldrich, USA) as standard.3 Briefly, 50 L
of either the extracts or standards were added into 96-well

plates. Next, 200 uL of DMMB solution was added, and the
mixtures were mixed. Then, the absorbance was read at
630 nm. The levels of GAGs were estimated by the
calibration curve of chondroitin sulfate standards against
their known concentrations.

3. Measurement of uronic acid levels

The levels of uronic acids in the extracts were measured
by carbazole reaction using D-glucuronic acid lactone
(Sigma-Aldrich, USA) as standard.?” Briefly, 60 uL of either
the extracts or standards were incubated with 300 pL of
carbazole reagent A at 100° C for 15 minutes. Then, they
were cooled down in ice slurry. After that, the mixtures
were added with 12 uL of carbazole reagent B, incubated
at 100° C for 15 minutes, and cooled down. The absorbance
was read at 562 nm. The levels of uronic acids were
estimated by the calibration curve of D-glucuronic acid
lactone standards against their known concentrations.

4. UV-Vis spectrophotometry analysis

The extracts were examined by spectrum mode on
UV-Vis spectrometer (UV2401, Shimadsu, Japan), using
chondroitin sulfate as GAGs standard. Then, standard and
the extracts at 50 ug/mL in deionized water were scanned
from 190 to 700 nm, and analyzed.

5. Agarose gel electrophoresis

GAGs from the extracts were analyzed by agarose gel
electrophoresis with some modifications.® Briefly, loading
buffer was mixed with standards and the extracts. Then,
5 mg of GAGs chondroitin sulfate standard (Sigma, USA),
or 50 mg of each extract except finger root and ginger
which was used at 70 mg, were applied to a 1% agarose
gel having a thickness of about 5 mm, and run for 30 minutes
at 70 V in TBE buffer. Next, GAGs were fixed in the gel with
0.1% N-cetyl-N,N,N-trimethylammonium bromide (CTAB)
solution for overnight at room temperature. After that,
air-dried the gels for 2 hours, they were then stained with
0.5% (w/v) alcian blue (Himedia laboratories, India) in 2%
acetic acid for 2.5 hours, 0.1% (w/v) toluidine blue (Sigma,
USA) in acetic acid/ethanol/water (1:50:49, v/v) for 2 hours,
and 0.1% safranin O (Merck, USA) for 3 hours, respectively.
Then, the gels were destained, and photographed by
G:BOX F3 gel documentation system (GeneSys, USA).

6. Statistical analysis

Data were presented as mean with standard deviation.
Student’s t-test was used to analyze the association of
GAGs levels in DMMB dye-binding, and uronic acids assays.
The significant difference was considered at p<0.05.

Results

Glycosaminoglycans screening of the plant extracts

The levels of glycosaminoglycans (GAGs) in the
extracts were shown in Figure 1. All extracts contained
GAGs in various degrees. The highest level was observed in
tumeric, followed by star fruit, ginger, banana, noni, bitter gourd,
finger root, and purple-fruited pea eggplant, respectively.
In addition, when compared GAGs levels of other plant
extracts to ginger, the significant difference of GAGs levels
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was observed in all the extracts except banana, and noni.
These results suggested that the variation of GAGs levels
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highly depends on the kinds of plants.
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Figure 1. Dimethylmethylene blue (DMMB) dye-binding assay of glycosaminoglycans from 8 plant extracts. Note: The levels of sulfated GAGs in the
8 plant extracts presented as meanS.D. Asterisks (*) indicate significant difference from ginger (t- test, *p<0.05).

Uronic acids content of the plant extracts

The levels of uronic acids in the extracts were shown
in Figure 2. The highest level of uronic acids was observed
in noni, followed by banana, star fruit, purple-fruited pea
eggplant, bitter gourd, ginger, turmeric, and finger root,
respectively. These results supported the presence of GAGs
in all extracts because uronic acids were incorporated as a

subunit of GAGs chains. However, when compared uronic
acids levels of other plant extracts to ginger, the significant
difference of uronic acids was observed only in star fruit,
banana, and noni. Therefore, it seemed likely that uronic
acids content was slightly different among the plants used
in this study.
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Figure 2. Uronic acids assay of glycosaminoglycans from 8 plant extracts. Note: The levels of uronic acids in the 8 plant extracts presented as meanS.D.
Asterisks (*) indicate significant difference from ginger (t- test, *p<0.05).
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UV-Vis spectrophotometry analysis

Scanning UV-Vis spectra of the extracts was observed in
Figure 3. The results demonstrated that CS standard had
the maximum absorption at 190 nm (peak shown without
any arrow). In addition, we also found that most extracts,
including ginger, turmeric, star fruit, bitter gourd, purple-fruited
pea eggplant, and noni had the same absorption patterns
around 190-210 nm that resembled to CS standard, as indicated
by the arrows in Figure 3, A-C and E-G, respectively.

A
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Though, the absorption patterns from banana and finger
root extracts (Figure 3, D and H) showed a lesser extent
of absorbance near 190-210 nm, their absorption patterns
were also similar to most extracts and standard. These results
suggested the presence of GAGs because the carboxylate
chromophore of iduronic acid, glucuronic acid, and N-acetyl
chromophores presented in the GAGs chains were found at
peak 190-210 nm.>*38
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Figure 3. UV-Vis spectrophotometry patterns of glycosaminoglycans from 8 plant extracts. Peaks of plant extracts are indicated by the arrows. A, ginger; B,
turmeric; C, star fruit; D, banana; E, purple-fruited pea eggplant; F, bitter gourd; G, noni; and H, finger root.

Agarose gel electrophoresis patterns

A qualitative analysis of the GAGs from the extracts
was carried out by agarose gel electrophoresis in Figure 4.
The staining pattern of CS standard (MW=60kDa) was seen
in lane 1 (Figure 4, A-C). For alcian blue staining, there was
considerably faint band of GAGs from ginger extract above
standard, and there were 2 bands of GAGs from turmeric
extract; one band was above, and the other band was
below standard (Figure 4A, lane 2 and 3). In contrast, for
toluidine blue and safranin O stainining, there were bands
of GAGs from ginger and turmeric extracts presenting

A

near the site of standard (Figure 4B and 4C, lane 2 and 3).
The staining patterns of the extracts, comprising star
fruit, banana, purple-fruited pea eggplant, bitter gourd,
and noni similarly exhibited large bands of GAGs above
and overlap standard (Figure 4B and 4C, lane 4-8) except
the small faint bands of GAGs from finger root extracts
that appeared near the site of standard (Figure 4B and 4C,
lane 9), which could be observed in all kinds of the
staining dyes. These results indicated the presence of
GAGs at different sizes from the extracts.
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Figure 4. Agarose gel electrophoresis of 8 plant extracts. A, alcian blue staining; B, toluidine blue staining; and C, safranin O staining. Lane 1, standard chondroitin
sulfate (~60 kDa); Lane 2-9, ginger, turmeric, star fruit, banana, purple-fruited pea eggplant, bitter gourd, noni, and finger root, respectively.
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Discussion

In this study, we screened for the presence of GAGs
from plant extracts by DMMB dye-binding and uronic acid
assays. DMMB dye-binding assay is the most common
cationic dye used to quantify sulfated GAGs in tissue samples,
culture media, and bodily fluids.3%394° The ability of DMMB
method to detect GAGs is based on the binding to sulfated
GAGs, and results in DMMB dye shift.** However, the
limitation of this method is the interference from other
polyanionic substances that can cause false negative
results.”? Since the levels of uronic acids from purple-fruited
pea eggplant extract was rather high, the very low levels of
GAGs from purple-fruited pea eggplant extract detected by
DMMB dye-binding method could be due to some interferences.
The simple subunit of GAGs is composed of long chains
of repeated disaccharide units, comprising uronic acids
with either GIcNAc or GalNAc.! Thus, the measurement
of uronic acids is another method that can be used for
GAGs screening.’” However, there have been reported
that detection of GAGs by the measurement of uronic acids
through carbazole reaction is less sensitive than DMMB
dye-binding method, and may be interfered by some sugars or
salts.*>** These may lead to the explanation why the levels of
uronic acids in each extract are not relatively shown as the
similar trend levels of GAGs measured by DMMB dye-binding
assay. For spectrophotometric analysis, it is thought to be
the consequence of the carboxylate chromophore of iduronic
acid, glucuronic acid, or N-acetyl chromophores at peaks
190-210 nm which suggested the presence of GAGs in all
extracts. This evidence supports the presence of GAGs
detected by DMMB dye-binding, and uronic acids assays.
Nevertheless, previous studies found that the peaks of these
chromophores are only slightly shifted among different
GAGs types.* *® Hence, it seems unlikely that this method
could specifically distinguish the types of GAGs.> * 3 Though
each method, including DMMB dye-binding method, uronic
acids assay, and spectrophotometry has some limitations,
a detection of GAGs is still reliable when thoroughly
interpreted the correlation among these methods. Thus,
further investigation of GAGs should be considered to
implement other reliable analytical techniques, such as
high-performance liquid chromatography (HPLC), magnetic
resonance spectroscopy (NMR), mass spectrometry (MS),
and disaccharide analyses.*

Agarose gel electrophoresis is one of the most
qualitative and quantitative techniques used to evaluate
GAGs in the mixtures.” It is also applied for various purposes,
such as separation of GAGs from tissues, organs, or
biological fluids, determination of GAGS content and purity for
pharmaceutical application, utilization in the medical field for
screening monitoring, and diagnosis for mucopolysaccharidoses
(MPS).%0 4749 |n this study, the presence of sulfated GAGS
were confirmed by an agarose gel electrophoresis. After their
separation, the visualization of sulfated GAGs are based on
their negative charged carboxyl and sulfate groups binding
to cationic dyes, such as alcian blue, toluidine blue, and
safranin O. Our results showed that the staining patterns
of most extracts, including star fruit, banana, purple-fruited
pea eggplant, bitter gourd, noni, and finger root were similarly

observed in all 3 staining dyes. In contrast, alcian blue staining
patterns of sulfated GAGs from ginger and turmeric extracts
were different from the patterns seen in the other dyes.
These are perhaps cause by some substances in the extracts,
which are still intriguing for further study. Though, all 3 cationic
dyes can stain sulfated GAGs and show the similar patterns of
staining GAGs, we observed various degrees of more intense
staining of GAGs from toluidine blue, alcian blue, and
safranin O, respectively. This is probably due to the fact
that toluidine blue has a higher affinity for the sulfur compared
to safranin O.*° Also, toluidine blue and alcian blue have
different limit of detection for sulfated GAGs staining
because it depends on the procedures used.*” Thus, staining
by toluidine blue is particularly suited for our study. As we
did not have standards of several GAGs types with various
molecular mass, we used CS-C standard for the estimation
of GAGs size. It seems likely that the size of GAGs found in
most extracts were supposed to be 260 kDa because the
results exhibited large bands of GAGs above and overlap
the area of standard. However, it could not surely estimated the
size of GAGs, for these crude extracts are not well treated
or purified. To specifically identify the size of actual GAGs
present by electrophoresis separation, it is needed to purify
the extracts, treat with GAGS degrading enzymes, i.e.
chondroitinase ABC, heparin lyase, or heparinase, and it is
then subjected to electrophoresis with different molecular
mass of standards.

GAGs are mainly found in animals, particularly in
vertebrates. They are widely studied in both physiological and
pathological circumstances, and also used as nutraceuticals
or therapeutic applications in some certain conditions or
diseases.>’® Due to these extensively studies, they are
well known for their structures which consist of repeating
disaccharides units of uronic acids with either GIcNAc or
NGalNAc with distinct sulfation pattern.** In contrast, little
is known about the structure of GAGs and their biological
functions from plants; however, some studied have reveled
the presence of GAGs or GAGs-like glycans from some
plant species. For example, the presence of GAGs-like
glycans have been observed in marine plants.> *° In addition,
monosaccharides found in GAGs-like glycans from the root
of freshwater plants, especially Eichhornia crassipes, contain
galactose, glucose and arabinose.” A terrestrial medicinal
plant, Orthosiphon stamineus, also contains uronic acids
as a subunit of GAGs structure.?? Besides these plants, it is
interesting that there is another rich non-animal source of
sulfated glycans obtained from seaweeds. In seaweeds, the
structure of sulfated glycans depends on the type of them. For
instance, the most well known brown seaweed contains
sulfated fucans that mostly composed of a-L-fucose polymers.*
Green and red seaweeds contain sulfated galactans which
mosly contain B-D-galactose polymers.>! It is noticed that most
sulfated glycans found in brown, green, and red seaweeds
are composed of repeating disaccharides units with several
patterns of sulfation. They also exhibit various biomedical
functions in inflammation, coagulation, angiogenesis, cell
adhesion, and involve many pathophysiological systems.>?
Taken together, the structures of GAGs or sulfated glycans
from plants, and another non-animal source, such as seaweed
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usually contain long chains of simple sugars polymers,
which rather different from GAGs polymers of animals.
However, they are all similar in term of sulfation. In this
study, we measured GAGs by DMMB dye-binding method,
using animal GAGs as standard. As mentioned above, the
structures of GAGs from plants are rather different from
animals GAGs polymers, but all of them still have degree of
sulfation. Since the ability of dye-binding method to detect
GAGs is based on the binding to sulfated GAGs, we think
that any sulfated glycans from non-animal sources could be
quantified by this method. In addition, de Aradjo et al. also
performed DMMB dye-binding method to monitored sulfated
polysaccharides obtained from red seaweed.>? On the other
hand, we also realize that it would be more reliable if we use
non-animal standard to estimate the concentration of GAGs
from plants for future study.

As we could observe from our current study, we
think that the tentative potential benefits of GAGs obtained
from the plant extracts may be further used as a source of
non-animal nutraceuticals, especially they may be useful
for vegetarian diet. However, we could not surely conclude
whether it can be used instead of animal GAGs because
some studies about the purity, structure, and clinical trials
of them are still left to be elucidated.

Conclusion

Our results have shed new light on the investigation
of sulfated GAGs that contain in the plant extracts. This
evidence supports the view that plants heteropolysaccharides
as bioprospecting should not be disregarded.
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) - o Materials and methods: A cross-sectional study of the characteristics and the
cycles, difference in nonconformities

nonconformities from 2015 assessment of 134 laboratories were compared
between the laboratories with 6 or more years or at least 3 cycles of accreditation
and the ones with shorter accreditation year. Statistical analyses were done by
using Stata-intercooled version 6.

Results: There were 1,459 total nonconformities, 572 (39%) were those against
management requirements and 887 (61%) were those from technical ones. Longer
and new accredited laboratories shared similar basic characteristics. Longer
accredited laboratories got lower total nonconformities (meantSD; 9.1%4.8 vs
12.719.0: t-test=2.89, p=0.003), and lower technical nonconformities (meanSD;
5.0%3.1 vs 8.316.9: t-test=3.57, p<0.001). The proportion of longer accredited
laboratories was lower on nonconformities against clause 5.6 Measurement
traceability (14/87 vs 28/67, Chi square=5.060, p=0.024) and the ones against
clause 5.9 Assuring quality of test results (27/67 vs 44/67, Chi-square=6.450,
p=0.011) than those of the new accredited laboratories.

Conclusion: This study demonstrated that many year accreditations may enable
the accredited laboratories to comply with the requirements more effectively.
Lower proportions of the longer accredited laboratories had lower certain
nonconformities on clause 5.6 Measurement traceability and 5.9 Assuring quality
of test results.

Introduction

The Bureau of Laboratory Quality Standards, BLQS,
is an accreditation body for accreditation of medical and
public health laboratories complying with the requirements
of the International Organization for Standardization, 1SO 15189
and ISO/IEC 17025 after getting Mutual Recognition
Arrangement from Asian Pacific Laboratory Accreditation
Co-operation, APLAC MRA and from International Laboratory

* Corresponding author.
Author’s Address: Department of Medical Sciences, Ministry
of Public Health, Nonthaburi Province, Thailand.
** E-mail address: suthon.v@dmsc.mail.go.th
doi: 10.14456/jams.2018.4
E-ISSN: 2539-6056

Accreditation Co-operation, ILAC MRA, for testing since 2002
and 2003, respectively.! In 2015, BLQS has accredited 134
laboratories, with ISO/IEC 17025:2005,%2 14 are initial
accreditations and 120 are reassessment ones. Total numbers
of nonconformities and specific clause deviations are so
diverse and questionable on how different among these
accredited laboratories. A report on trends of nonconformities
from BLQS has showed irregular patterns of the distribution
of such nonconformities during 2008-2011, with highest
frequencies of nonconformities against clause 5.4, Test
and calibration methods and method validation.® A similar
report from Hong Kong Accreditation Service in 2012 has
illustrated the frequencies of nonconformities against
the requirement of ISO 15189. Interestingly, 27 medical
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laboratories have showed statistically reduction of
nonconformities from 13.5 nonconformities per laboratory
at the initial assessment to 6.6 nonconformities per
laboratory at the reassessment.* A previous report in
2015 also has demonstrated the factors affecting correction
time among ISO/IEC 17025 accredited laboratories in
the public health sectors. By using multiple logistic regression,
the report reveals that a longer correction time statistically
related to the type of laboratory services in microbiology
with chemistry, the presence of nonconformities against
clause 4.2 the management system and the presence of
nonconformities against technical requirement especially
clause 5.4 Test and calibration methods and method
validation, with adjusted odd ratio of 3.35-7.58.° The
objectives of the study are to find the differences in
characteristics and nonconformities among ISO/IEC 17025
accredited laboratories undergoing on-site assessment
in 2015 and verify whether there are some differences
in characteristics and certain nonconformities among
accredited laboratories with longer accreditation of 6 years
or at, least 3 cycles of accreditation, comparing to those of
the shorter accreditation.

Materials and methods

A cross-sectional study of basic characteristics and
the nonconformities against the requirements of ISO/IEC
17025:2005 from the latest assessment of 134 laboratories in
2015 were summarized. The mean accreditation of 6 years

Table 1 Characteristics of 134 accredited laboratories.

or three cycles of accreditation was applied to equally classify
the laboratories as 67 older ones with accreditation of 6 years
or more and 67 newer ones with accreditation of less than
6 years. Out of 134 assessed laboratories, 14 were initial
accreditations while the remaining laboratories were
reassessed or extension assessed. Stata- intercooled version
6 was used for calculation of normality, mean, Standard
deviation (SD), Kruskal Wallis test where all sets of the data
cannot be normal distribution,® t-test for mean difference
and p-values.

Results

1. Characteristic properties of 134 ISO/IEC 17025
accredited laboratories. Majorities were the private laboratories.
Four of five facilities located in provincial areas outside
Bangkok, the capital of Thailand. More than half (61%)
served food testing, using chemistry and microbiology.
They offered testing scope of 38 tests, with wide range of
the scope from only 1 test to 631 tests. They got accreditation
for 0- 16 years; with mean of 6 years or 3 cycles of 2 years
accreditation. The average 6 year accreditation was applied
to classify the laboratories into 2 equal groups of 67
laboratories. Out of 67 new ones, 14 (21%) are those of
initial accredited laboratories in 2015. Details of characteristics
were illustrated in Table 1. Comparison of characteristics
and numbers of nonconformities between the longer
accreditation laboratories with those of the shorter ones
were illustrated in table 2.

Characteristics Number Percentage
Sector

- Governmental 40 29.85
- Private 94 70.15
Location

- Bangkok 30 22.39
- Other places 104 77.61
Laboratory services

- Foods 82 61.19
- Others 52 38.81
Assessment

- Initial 14 10.45
- Reassessment, and others 120 89.55
Scope (test menu)

-238 102 76.12
-<38 32 23.88
Years of accreditation

-26 67 50.00
- <6 67 50.00
Service objective

- Self quality check 78 58.21
- Public service 56 41.79
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2. Total 1462 nonconformities were against 575
management requirements (39%) and 887 technical ones
(61%). The distribution of these nonconformities, numbered
as the specific clauses of ISO/IEC 17025:2005 2 were
illustrated in table 3. The top 3 nonconformities related
to management were 4.3 Document control (150,10%),
4.1 The organization (94,6%) and 4.13 Control of records
(59,4%). For those of 887 technical nonconformities, the

top 3 frequently cited were 5.4 Validation of the methods
(315,22%), 5.5 Equipment (153,11%) and 5.9 Assuring quality
of results (106,7%). Table 4 showed that the longer accreditation
laboratories had lower mean of total nonconformities
(meantSD; 9.1+4.8 vs 12.7+9.0: t-test=2.89, p=0.003) and
technical nonconformities (meantSD; 5.0£3.1 vs 8.316.9:
t-test=3.57, p<0.001) than those of the new laboratories.

Table 2 Comparison of characteristics and numbers of nonconformities between the longer accreditation laboratories with
those of the shorter accreditation, new laboratories, 67 laboratories each. The proportional differences were
tested by Kruskal Wallis to avoid non-normal distribution of certain data set and presented the test results as
Chi-square, *denotes significant difference when p<0.05

Characteristics

Longer accreditation New Chi-square p value
(number)

Sector
Governmental (40) 21 19

- Private (94) 46 48 0.106 0.745
Location

- Bangkok (30) 51 53

- Other place (104) 16 14 0.128 0.721
Testing services

- Foods (82) 39 43

- Others (52) 28 24 0.374 0.541
Assessment

- Initial (14 ) 14 0

- Others (120) 53 67 11.638 <0.001*
Scope (test menu)

->38(102) 63 39

-<38(32) 4 28 17.04 <0.001*
Service objective

- Self quality check (78) 44 34

- Public service (56) 23 33 2.284 0.131
Characteristics (meanzSD) Longer accreditation New t-test (p value)
1. Years of accreditation (613.7) 9.212.2 3.1£2.1 16.42 <0.001 *
2. Scope (38.0179.2) 64.0£104.4 12.1£19.3 4.00 <0.001*
3. Correction days (112.1171.5) 106.5%72.8 117.6%£70.3 0.90 0.371
4. Nonconformities (10.917.4) 9.1+4.8 12.7£9.0 2.89 0.005*
5. NC management (4.3%3.5) 4.1+£3.0 45139 0.58 0.561
6. NC technical (6.6%5.6) 5.0%3.1 8.3%6.9 3.57 <0.001*

3. Factors that might associate to years of accreditation
were illustrated in table 4 for qualitative data, table 5 for
continuous data and table 4 for various nonconformities,
NC, against the specific clauses of the requirements of
ISO/IEC 17025:2005. Significantly lower proportions of the
longer accreditation laboratories were observed among these

factors; total nonconformities, technical nonconformities,
as showed above. NC against clause 5.6 Measurement
traceability (14 vs 28, Chi square=5.060, p=0.024) and NC
against clause 5.9 Assuring quality of test results (27 vs 44,
Chi-square=6.450, p=0.011)
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Table 3 Distribution of nonconformities against specific requirements of ISO/IEC 17025:2005, present in number and percentage
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of each relevant clause.

Clause 4 Brief description Number %
4.1 Organization 94 6.4
4.2 Management system 36 2.5
4.3 Document control 150 10.3
4.4 Review of contracts 18 1.2
4.5 Subcontracting 5 0.3
4.6 Purchasing services 56 3.8
4.7 Customer services 20 1.4
4.8 Complaints 8 0.5
4.9 Control of NC works 26 1.8

4.10 Improvement 13 0.9
4.11 Corrective action 18 1.2
4.12 Preventive action 15 1.0
4.13 Control of records 59 4.0
4.14 Internal audits 28 1.9
4.15 Management reviews 29 2.0

Total Management 575 39.3
Mean 38.8

Clause 5 Brief description Number %
5.1 General 3 0.2
5.2 Personnel 76 5.2
5.3 Accommodation/environment 60 4.1
5.4 Calibration/validation 315 21.5
5.5 Equipment 153 10.5
5.6 Measurement traceability 56 3.8
5.7 Sampling 5 0.3
5.8 Handling test and calibrators 56 3.8
5.9 Assuring quality of results 106 7.3

5.10 Reporting of results 57 3.9
Total Technical 887 60.7
Mean 88.7
Grand total Management & technical 1462 100.0
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Table 4 Proportions of accredited laboratories by nonconformities against reference clause of ISO/IEC 17025, comparing
between the longer accreditation laboratories and the new laboratories, 67 laboratories each. The proportional differences
were tested by Kuskal Wallis to avoid non-normal distribution of certain data set and presented the test results as
Chi-square, *denotes significant difference when p<0.05

Reference clause Longer accreditation New Chi-square p value

4.1 Organization

- Absent, 72 33 39

- Present, 61 34 27 0.965 0.326
4.2 Management system

- Absent, 106 51 55

- Present, 28 16 12 0.538 0.463
4.3 Document control

- Absent, 41 22 19

- Present, 93 45 48 0.235 0.628
4.4 Review of requests

- Absent, 116 59 57

- Present, 18 8 10 0.191 0.662
4.5 Subcontracting

- Absent, 129 66 63

- Present, 5 1 4 1.392 0.238
4.6 External services and supplies

- Absent, 85 40 45

- Present, 49 27 22 0.599 0.439
4.7 Service to customer

- Absent, 115 57 58

- Present, 19 10 9 0.046 0.831
4.8 Complaints

- Absent, 126 62 64

- Present, 8 5 3 0.396 0.529
4.9 Control of NC testing

- Absent, 112 52 60

- Present, 22 15 7 2.591 0.108
4.10 Improvement

- Absent, 121 60 61

- Present, 13 7 6 0.063 0.801
4.11 Corrective action

- Absent, 116 57 59

- Present, 18 10 8 0.191 0.662
4.12 Preventive action

- Absent, 119 59 60

- Present, 15 8 7 0.056 0.813
4.13 Control of records

- Absent, 86 47 39

- Present, 48 20 28 1.547 0.214
4.14 Internal audits

- Absent, 107 53 54

- Present, 27 14 13 0.035 0.853
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Table 4 Proportions of accredited laboratories by nonconformities against reference clause of ISO/IEC 17025, comparing
between the longer accreditation laboratories and the new laboratories, 67 laboratories each. The proportional differences
were tested by Kuskal Wallis to avoid non-normal distribution of certain data set and presented the test results as
Chi-square, *denotes significant difference when p<0.05. (continues)

Reference clause Longer accreditation New Chi-square p value
4.15 Management reviews
- Absent, 108 55 53
- Present, 26 12 14 0.142 0.706
5.1 General
- Absent, 131 66 65
- Present, 3 1 2 0.254 0.614
5.2 Personnel
- Absent, 78 43 35
- Present, 56 24 32 1.462 0.227
5.3 Accommaodation and environments
- Absent, 93 49 44
- Present, 41 18 23 0.654 0.419
5.4 Test methods and validation
- Absent, 23 16 7
- Present, 111 51 60 3.165 0.075
5.5 Equipment
- Absent, 57 31 26
- Present, 77 36 41 0.568 0.451
5.6 Measurement traceability
- Absent, 92 53 39
- Present, 42 14 28 5.060 0.024
5.7 Sampling
- Absent, 129 63 66
- Present, 5 4 1 1.392 0.238
5.8 Handling test and calibration items
- Absent, 78 90 44
- Present, 56 20 24 0.403 0.526
5.9 Assuring quality of the test
- Absent, 63 40 23
- Present, 71 27 44 6.445 0.011
5.10 Reporting the results
- Absent, 84 41 43
- Present, 50 26 24 0.095 0.758
Discussion

Accreditation years are one among indicators for
experiences in quality improvement of the laboratories.
According to ISO/IEC 17011:2004 clause 7.11.2, the
accreditation body shall establish procedures and plans
for on-sites assessments at sufficient close intervals to monitor
the continued fulfillment by the accredited laboratories
to comply the requirements.” BLQS has the policy on

reassessment for every 2 years after successful initial
accreditation, in order to monitor the continued fulfillment
by the accredited laboratories. All basic characteristics of
the experienced ones and the new ones are not different
statistically, except for the number of service scope which
just confirms that the longer accreditation are more
competence. In this report, the mean accreditation time of
6 years or 3 cycles of 2 year accreditation can classify the
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laboratories into 2 equal groups of 67 laboratories; some
comparisons are feasible for a cross-sectional study. A report
from Hong Kong* used different year of I1SO 15189 accredited
medical laboratories and got a strong evidence that
lower nonconformities were observed after a number of
reassessments. However, a laboratory always faces with
changes and new challenges that are certainly affect to
the quality management system in each year, thus, such
comparison on different years are less valid. Another
report> uses the correction times as the output variable
and finds that some factors related to a longer correction
time are nonconformities against clause 4.2 management
system and nonconformities against the technical
requirements. A previous report® reveals that certain
nonconformities: the design for safety, safety procedures,
personnel responsibilities and safe work practices relate
to higher total number of nonconformities in the safety
assessment of medical laboratories using ISO 15190 as
audit criteria. This report demonstrates how many year
accreditation help quality improvement as evidently
decreasing nonconformities are observed among those of
the longer accredited laboratories.

Conclusions

This study demonstrated that the new laboratories
with less than 6 year accreditation had higher chance to
get more total nonconformities, especially on the technical
requirements clause 5.6 traceability and 5.9 Assuring quality
of test results. Such nonconformities need experiences
to resolve and improve. Many years of accreditation will
help laboratories to comply with each requirement of the
standards after many visits from the assessors.
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Article history: Backgroud: The research aimed to study the investigate properties of glass having
Received 25 March 2017 increasing compositions of (55-x) B,0,: 25Gd,0,: 10Si0,: 10Ca0: xA,0, where A, O,
ACC?Pfed as fEVfSEd 9 January 2018 are Sm,0,, Eu,0, and Dy,0, and x=0.05 to 0.50 mol%. X-ray luminescence properties
Available online 19 January 2018 of these glass samples using a BGO crystal were then compared.
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q . technique. Density, optical properties and x-ray scintillation properties were studied
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and compared.

Results: The was found that density of glass increased with increasing dopant
concentration. Eleven absorption bands of Sm. O, were observed from the GHW2
ground state to 360 (‘D, ), 373 (°P, ), 403 (°P, ), 475 (4l,, ), 944 (°F ), 1077
(°F,,,), 1225 (°F, ), 1368 (°F, ), 1468 (°F, ), 1520 (°H,, ,) and 1586 (°F, ) nm. Two
absorption bands of Eu,0, were observed from the ’F ground state to 2100 (’F))
and 2203 (’F,) nm. Nine absorption bands of Dy,0, were observed to transitions
from the 6H15/2 ground state to 387 (4|13/2+4F7/2+4M21/2+“K17/2), 426 (4611/2),
455 (4, ,), 751 (°F, ), 805 (°F, ), 898 (°F, ), 1085 (°*H, ,+ °F, ), 1261 (°F,, , + °H,, )
and 1672 (GHM/Z) nm. The comparisons done on x-ray luminescence properties
between glass samples with BGO scintillator crystal determined that glass doped
with 0.35 mol% Sm,0_ have four relatively strong emission peaks. Glass doped with
0.35 mol% of Eu,O, have six relatively strong emission peaks. Glass doped with
0.45 mol% of Dy,0, have four relatively strong emission peaks.

Conclusion: The comparisons done on x-ray luminescence properties between
glass samples with the BGO scintillator crystal determined that the scintillation
efficiency of glass samples doped with Sm_O,, Eu,0, and Dy,0, was 25% that of
commercial BGO scintillator crystals.

Introduction radiography, image receptors, computed tomography (CT),
scintillation gamma cameras, and positron emission
tomography (PET).%3

When ionizing radiation interacts with scintillation
materials, electrons from ground state are raised to an
excited state. Instability electrons fall back to ground state
with the emission of ultraviolet or visible light having

Scintillators or Scintillation materials emit ultraviolet
light (UV) or visible light after radiation interaction of
ionizing radiation with a material. Scintillators are used in
industry, agriculture, and medical technology. In medical
professional technology, it is used in film-screens, digital

* Corresponding author. characteristic decay constants are called luminescence. The
Author’s Address: Department of Radiologic Technology, luminescence is emission of light after excitation. Scintillation
Eif::‘g’ c,\’;:f;?;\'/?;i‘: '\ﬁsg;r;arijc'ences' Chiang Mai University, materials having a prompt emission of light is called

*% E-mail address: bulli99@windowslive.com fluorescence and delayed emission of light is afterglow or
doi: 10.14456/jams.2018.6 phosphorescence.*®

E-ISSN: 2539-6056 The desired properties of scintillation materials are high
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conversion efficiency, short decay time, high transparency,
a frequency spectrum matching with light receptor, high
detection efficiencies, high density, a large attenuation
coefficient, radiation hardness, high light yield, fast decay
time, they are inexpensive, and show high proficiency and
stability. Additionally, most scintillation materials require
high luminescence efficiencies and dopant or activators
from preferred sites in inorganic scintillation for the activator
excited electrons before returning to the ground state.
Rare-earth ions (RE®**) doped in scintillation materials has
been used as photonic materials in recent years, as they
have a broad emission wavelength at the visible light to
the infrared region because of its 4f-5d and 4f-4f transition
and fast decay time. The 4f-4f transition gives a sharp
fluorescence because of the shielding effects of the outer 5s
and 5p orbitals on the 4f electrons.®

The rare earth oxide, intensive Gadolinium Oxide
(Gd,0,) is the most popular substance due to the efficiencies
in energy transfer from Gd3* ions to the luminescence
activators and increased light yield emission.? 12 Most of
the popular rare earth doped in scintillation materials
have high emission efficiencies based on literature reviews
such as Samarium Oxide (Sm,0,),"**® Europium Oxide
(Eu,0,),>%® ' and Dysprosium Oxide (Dy,0,)."”- %20

This article focuses on rare earth doped in glass
scintillator because these glasses have a wide variety of
applications, have good forming ability, high optical properties,
are inexpensive, are non-hygroscopic, are chemically
resistant, can be produced in large volumes, and are easy
to synthesize. This type of glass can also easily be fabricated
into glass scintillators with doping chemical concentrations
by using the melt-quenching technique.?*® Among the
various glasses that have been used for quite some time,
borate glasses play a significant role in various applications
such as solid state lasers, optical and electrical applications,
fiber optics, optical waveguides, and luminescence materials.
Borate glasses are an especially appropriate optical material
because of its high chemical resistance, high thermal stability,
and high optical properties.’® > 20 Earlier, silicate glasses
were used due to good mechanical and optical properties.
Also, borosilicate glasses have been formally used due to
their high thermal resistance and low melting point. The
effects of doping concentrations can result from oxide ions
in calcium oxide, as it can increase luminescence emission
and are also non-hygroscopic.'®2°

The purpose of this article is to demonstrate how the
formula CaO: Gd,O,: SiO,: B,0, obtained by melt-quenching
technique can be doped with Samarium Oxide (Sm,0,),
Europium Oxide (Eu,O,) and Dysprosium Oxide (Dy,0,) for
the desired effects. The dopant concentrations are studied
regarding their physical, optical, and luminescence properties
by comparing them with a standard crystal scintillator
composed of Bismuth Germinate (BGO). The findings will
be used for developing these glasses as candidates for
glass scintillators in the future.

Materials and methods

Glass preparations

Glasses compositions of 10Ca0: 25Gd,0,: 10Si0,:
(55-x) B,0,: xA,0, (where x=0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.45 and 0.50 %mol) and xA,0,=Sm.O,, Eu,0,,
Dy,O, were prepared by melt-quenching technique. The
high purity chemical concentrations of CaO, Gd,O,, SiO,,
H,BO,, Sm.0,, Eu,O,, and Dy,O, were mixed thoroughly in
an aluminium crucible. About 30 gm of the each compositions
were thoroughly and mixed into an aggregate and the
homogeneous mixture was placed into an aluminium
crucible and melted in an electrical furnace at 1400 °C for
3 hours. These melted glass samples were quenched at
room temperature. The glass samples were annealed at
550 °C for 3 hrs to reduce the thermal stress and then
were cut and polished into squares having dimensions of
1x1.5x0.3 cm®.

Characterization process
Physical Properties

The density measurements were obtained by applying
Archimedes’ principle, the weights of the prepared glass
samples were measured in air and in xylene using a 4-digit
sensitive microbalance (AND, HR 200). Afterward, the density
(p) was determined from the following equation.3% 3!

p=—"p,

Wa -wb

Where p is density (g/cm?®) W_is weight in air (g), W, is
weight in Xylene (g), and p, is Xylene density (0.863 g/cm?)

Optical properties

Absorption spectra were measured with a UV-Vis-NIR
spectrophotometer (Shimadzu UV-3600) at wavelengths
of 350-1800 nm.

Luminescence properties

The X-ray luminescence spectra of glass were
measured with the Copper (Cu) target X-ray generator
(Inel, XRG3D-E). The power setting X-ray source was
operated at 50 kV, 30 mA. X-ray excitation spectra of glass
samples were measured with a QE65000 fiber optics
spectrometer

Results and Discussions

Physical Properties

The variation of density (g/cm?3) is a function of
Sm,0,, Eu,0,, and Dy,O, concentration as shown in Figure 1.
The glass samples density tends to increase with increasing
of Sm,0,, Eu,0,, and Dy,O, _concentrations. This means
that there is change in the structural arrangement of the
dopant concentration that was added to the glass sample
network. It also shows that boron oxide is replaced by

Sm,0,, Eu,0,, and Dy,0, concentrations. The increased

density of glass samples is due to a higher molecular
weight for Sm,0,, Eu,0,, and Dy,0, than any other composition

273 273
found in the given glass samples system.
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Figure 1. Density of glass samples.
Optical Properties
The absorption spectra for the Sm.O,, Eu,0, and

Dy,0, doped with Ca0: Gd,O,: SiO,: B,O, glass samples.
The absorption spectra of Sm* ions show eleven absorption
bands at 360, 373, 403, 475, 944, 1077, 1225, 1368, 1468,
1520, and 1586 nm due to the transition spectra of GHS/z to
4Ds/z’ 6P7/2' 6Ps/z' 4|11/2' 6Fn/z’ 6Fg/z' 6F7/z' 6Fs/z’ 6F3/z’ 6Hls/z' and
GFU2 respectively,’®® as shown in Figure 2. The absorption
spectra of Eu® ions show two absorption bands at 2100
and 2203 nm due to the transition spectra of ’F, and F,
respectively,> ® 819 as shown in Figure 3. The absorption
spectra of Dy** ions show nine absorption bands at 387,
426, 455, 751, 805, 898, 1085, and 1261 nm due to the
transition spectra of (“IB/2 + 4F7/2+ “Mmz + 4K17/z)' 4Gn/z,
4|15/2' 6Fa/z' 6F5/2' 6F7/z' (6H7/2 + 6Fg/z)' (6F11/z + 6H9/z)' and °H
respectively,'” 182023 35 shown in Figure 4.
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Figure 4. Absorption spectra of Dy,0, doped GDSB Glass.

X-ray Luminescence properties

An X-ray of 50 kV and 30 mA were irradiated onto
glass samples. The X-rays included an optical luminescence
spectra of the Sm,0,, Eu, O, and Dy,0, doped with CaO:
Gd,0,: SiO,: B,0, glass samples. They were then compared
with BGO scintillation crystals having the same size and
shape. Glass doped with Sm_O, at 0.35 mol% are shown in
Figure 5. The total area under peak of spectrum, the integral
scintillation efficiency of 0.35 mol% Sm3* doped glass
samples and found that 25% of BGO scintillation crystal.
The emission peaks of Sm** ions show four emission peak
at 560 (‘G,,>°H, ), 598 (‘G,,>°H, ), 645 (G, ,>°H, ) and
705 (465/296H11/2) nm respectively.’**® Glass doped with
Eu,0, at 0.30 mol% are shown in Figure 6. The total area
under peak of spectrum, the integral scintillation efficiency of
0.35 mol% Eu** doped glass samples were found to be 13%
to that of BGO scintillation crystals. The emission peaks of
Eu** ions show five emission peaks at 578 (°D,—>’F ), 590
(°D,~>7F), 616 (*D,~>F,), 652(°D,>7F,), and 703 (°*D,~>’F,) nm
respectively.> ® ** * Glass doped with Dy,0, at 0.45 mol%
are shown in Figure 7. The total area under peak of spectrum,
the integral scintillation efficiency of 0.45 mol% Dy** doped
glass samples was found to 27% that of BGO scintillation
crystals. The emission peaks of Dy** ions show four emission
peaks at 482 (*F,,>°H,, ), 577('F,,>°H,, ), 661 (*F,,>°H
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Figure 5. Comparison of X-ray luminescence of BGO with GCSB doped with
Sm,0, at 0.35 mol%.
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Conclusions

The glass concentration in the formula (55-x)
B,0,-10Si0,- 25Gd,0,-10 CaO- xA,O, when A,0,=Sm.0,,
Eu,O, and Dy,0,, where x=0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.45, and 0.50 respectively have been grouped
based on their physical, optical, and luminescence properties.
The experimental results show that the glass sample
densities tended to increase with an increase in Sm_O,,
Eu,0,, and Dy,0, concentration. Absorption spectra of
Sm3 ions show eleven absorption bands at 360, 373, 403,
475, 944, 1077, 1225, 1368, 1468, 1520, and 1586 nm due
to the transition spectra of SHS/Z to 4D3/2, 6Pm, 6P3/2, 4I11/2,
6Fn/z, GFQ/Z, ﬁFm, 6FS/Z, 6F3/2, 6H15/2, and 6F1/2 respectively.
Absorption spectra of Eu** ions show two absorption bands
at 2100 and 2203 nm due to the transition spectra of
’F,and F_ respectively. Absorption spectra of Dy*" ions
show nine absorption bands at 387, 426, 455, 751, 805,
898, 1085, and 1261 nm with due to the transition spectra
6°f (4|13/2 + 4F7/2 + 4Mz1/2 + 4|<17/2)' 4611/2' 4I15/2’ SF3/2’ .GFS/Z’
Foo (6H7/2 + 6F9/2), (6F11/2 + GHQ/Z), and "’Hn/2 respectively.
Emission peaks of Sm3* ions show four emission peaks
at 560 (‘G,,>H, ), 598 (‘G,,>°H, ), 645 (‘G,,>°H, ),
and 705 (465/296H11/2) nm respectively. For glass doped
with Sm_O, at 0.35 mol%, the total area under peak of
spectrum and the integral scintillation efficiency of 0.35 mol%
Sm3* doped glass samples was found to be 25% that of
BGO scintillation crystals. The emission peaks of Sm3*
ions show four emission peaks at 560 (*G., —>°H_, ), 598

5/2 5/2
(*G,,”°H, ), 645 (*G,,>°H, ), and 705 (*G_,>H, ,) nm

5/2 9/2 5/2 11/2
respectively. Glass doped with Eu,0, at 0.30 mol%, the
total area under peak of spectrum and the integral scintillation
efficiency of 0.35 mol% Eu** doped glass samples was found
to be 13% to that of BGO scintillation crystals. The emission
peaks of Eu** ions show five emission peaks at 578 (*D,>F ),
590 (°D,~>7F,), 616 (°D,>7F,), 652(°D,>7F,), and 703
(°*D,~>’F,) nm respectively. In Glass doped with Dy,0, at
0.45 mol%, the total area under peak of spectrum and the
integral scintillation efficiency of 0.45 mol% Dy** doped
glass samples was found to be 27% that of BGO scintillation
crystals. The emission peaks of Dy3* ions show four
emission peaks at 482 (*F, ,>°H , ), 577 (*F,,,>°H , ),
661 (*F,,>°H,, ,), and 751 (*F,,>°H, +°F ) nm, respectively.
There is great interest in developing scintillation materials
for industrial and medical use in the future.
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ARTICLE INFO ABSTRACT

Article history: Background: Stroke is a leading cause of death and disability worldwide. Stroke
Received 20 December 2017 survivors have to adapt to a life with restrictions on activities of daily living as a
Accepted as revised 19 January 2018 consequence of stroke. In Thai culture, family members generally take responsibility
Available online 19 January 2018 in providing help, care, and support to stroke survivors. Being family caregivers has
Keywords: been reported to be a burden. To equip families to promote better quality of life in

Occupation, stroke, stroke survivors stroke survivors in Thailand, an investigation of stroke survivors’ and their family
’ ’ ’
family caregivers caregivers’ perception on occupational performance after stroke is required.

Objectives: To examine and compare the perception among stroke survivors and
their family caregivers on occupational performance of stroke survivors.

Materials and methods: Thirty stroke survivors living in the communities and their
primary caregivers were recruited for the study. The 4™ Edition Canadian Occupational
Performance Measure (COPM) was used to assess stroke survivors’ self-perception on
occupations. They were asked to identify a maximum of five activities that caused
difficulty to stroke participants. Stroke participants’ performance and satisfaction
of the reported activities were rated on a scale. The identified problems, and rated
scores of performance and satisfaction were compared between two groups using
Fisher’s exact test and Wilcoxon signed-rank test.

Results: After stroke, participants had difficulty performing occupations by themselves,
especially in the area of self-care which included personal care, functional mobility, and
community management. When comparing the individual pairs, most activities
were reported differently. Only 46 activities out of 157 activities (29.3%) were
identified by both groups. Their perceptions on performance, and satisfaction
scores of the same activities were not statistically different. The results of the study
indicated that there were some similarities and discrepancies between the
perceptions of the stroke participants and their caregivers on occupations after
stroke even though they had close relationship.

Conclusion: For better quality of life among stroke survivors in Thai culture,
occupational therapists need to use the client-centered approach focusing on both
stroke survivors and their family caregivers in promoting a deeper understanding
of stroke survivors’ needs of care, what activity they cannot do by themselves and
to what extent assistance is required.
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Introduction

Stroke is one of the major challenges of health
care being the second leading cause of death and the
third major cause of disability worldwide.? It was also
reported to be the leading cause of death in Thailand.? The
consequences of stroke depend on several factors, including
the location and the size of the brain lesion, and personal
factors. There are many devastating consequences after
stroke, such as paralysis, numbness, perceptual and cognitive
deficits, as well as emotional and behavioral changes.?
Even though all these might improve over time and with
rehabilitation, most stroke survivors still have some
difficulties in performing occupations.

In occupational therapy, “occupation” means everyday
activities that people do as individuals, in families and with
communities to occupy time and bring meaning to life.*
Occupations include things people need to, want to and
are expected to do in the area of self-care, work, and
leisure.* As an impact of stroke, stroke survivors need help
and care from their caregivers in what they cannot perform.
There are two common types of caregivers, including
formal and informal. Formal caregivers are paid for trained
care, whereas informal caregivers are not paid for providing
care. Traditionally, an informal caregiver has an important
role for stroke survivors who live in the community in
Thailand.® It is generally the responsibility of family members
to provide help and care for stroke survivors.® They take
this duty because of obligation and their subjective choices
derived from love, hope, and a sense of reciprocity.® Being
an informal caregiver is also viewed as a form of suffering
due to a lack of full understanding and preparation for the
situation.® 7 This results in their development of physical
symptoms, psychological/emotional problems, and social
issues.® Also, unmet needs of care have been reported
by stroke survivors.® However, family appears to increase
stroke rehabilitation/outcomes by providing emotional
and instrumental support as well as assistance with daily
living.® Therefore, to preserve rehabilitation gains and the
long-term well-being of the stroke survivors, the emphasis on
stroke rehabilitation may need to shift from a patient-focused
approach to a combined patient-caregiver-focused approach.
The study aimed to investigate the perception of informal
caregivers on occupations of stroke survivors whether
there were similarities or differences when comparing
with the perception of stroke survivors.

Materials and methods

This study had three research sites in Chiang Mai,
Thailand. Thirty stroke survivors and their family caregivers
volunteered to participate in the study. For the stroke
participants, they were clients who lived in the service
areas of Nakornping Hospital, Nong Pa Krang Rehabilitation
Center, and Huay Kieng Rehabilitation Center. Purposive
sampling was used to select the stroke participants who
met the inclusion criteria, including having an onset of
stroke of less than two years, being able to communicate,
having no deficits of perceptual and cognitive functions,
and having a family member as a primary caregiver. The

4" Edition Canadian Occupation Performance Measure
(COPM) was used to measure the stroke participants’
self-perception of performance in everyday living. They
were asked to identify the priority of five most significant
occupations that they could not perform by themselves
and rate their performance and satisfaction scores of the
identified occupations from 1 to 10, where 1 indicated
poor performance and low satisfaction, while 10 indicated
very good performance and high satisfaction.’® Then, their
family caregivers were asked to do the same procedure
with the stroke participants. The perception of the stroke
participants and their family caregivers on the occupations
were compared using Fisher’s exact test and Wilcoxon
signed-rank test.

Even though the COPM was reported to be a suitable
outcome measure for assessing patients with stroke in
research and clinical settings,** there was no evidence of
using the 4™ edition COPM among Thai stroke survivors
and their family caregivers who lived in the community.
Therefore, the reliability of the 4™ edition COPM had to be
examined before it was used in the data collection process.
Test-retest reliability was conducted with another group
of 30 Thai stoke survivors who met the inclusion criteria
as mentioned above and their 30 family caregivers. It was
found that 96 and 97 activities were reported by the stroke
survivors and by their family caregivers respectively. 100% of
the problems reported by both groups were also identified for
the second time with two weeks interval. The Spearman’s
rho correlation coefficient for the test-retest performance
and satisfaction scores of the stroke survivors were 0.879
(p<.001) and 0.956 (p<.001) respectively. The Spearman’s
rho correlation coefficient for the test-retest performance
and satisfaction scores of the family caregivers were 0.991
(p<.001) and 0.992 (p<.001) respectively. Therefore, the 4"
edition COPM had high test-retest reliability for Thai stroke
survivors and their family caregivers.

Results

Demographic data of the stoke participants and
their primary caregivers are shown in Table 1. The age of
the stroke participants ranged from 33 to 79 years old
(Mean 60.33+11.77), and most of them were male (70%).
For their family caregivers, their age ranged from 21 to
77 years (Mean 49.54+13.92). There were 20 females (66.7%)
and 10 males (33.3%). Two majority groups of their
relationship with the stroke participants were spouse (50%)
and children (33.33%). All stroke participants and most
family caregivers reported restriction on occupations after
stroke. However, four family caregivers did not acknowledge
any problems. The total numbers of activities reported by
the stroke participants and by their family caregivers as an
impact of stroke were 80 and 77 activities respectively.
The identified activities were classified into three areas of
occupation and nine categories of activity according to the
COPM as shown in Table 2 and Table 3.
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Table 1 Demographic data of the stroke participants and their family caregivers.

33-79 years old

Age range (MeanSD)

(60.33+11.77)

21-77 years old
(49.54+13.92)

Gender:
Male 21 (70%) 10 (33.3%)
Female 9 (30%) 20 (66.7%)
Relationship to the stroke participants
13 wives (43.3%)
2 husbands (6.7%)
5 daughters (16.67%)
5 sons (16.67%)
1 sister (3.33%)
1 brother (3.33%)
2 fathers (6.67%)
1 sister-in-law (3.33%)
Numbers of activities as an impact of stroke
0 activities 0 4
1 activities 12 8
2 activities 6 3
3 activities 1 4
4 activities 2 4
5 activities 9 7
The total number of identified activities 80 77

Table 2 Examination of the concurrence of identified activities.

Stroke participants 80 55 (68.8%) 23 (28.8%) 2 (2.5%)
Family caregivers 77 61 (79.2%) 14 (18.2%) 2 (2.60%) 2.541 (0.265)
Total 157 116 37 4

Table 3 Classification of identified activities according to the areas of occupation and categories of activity.

Stroke participants 22 16 17 11 12 80
Family caregivers 32 14 15 8 6 77
Total 54 30 32 19 18 157
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In Table 2, both stroke participants and their family
caregivers had the same point of view that the stroke
participants were confronted with difficulty in performing
activities in all areas of occupation. Most limitation was in
the area of self-care, followed by work, and leisure being
least. There was no significant difference (Fisher’s Exact
Test=2.541, p>0.05) between the perception of stroke
participants and their family caregivers on occupation

restriction regarding the areas of occupation. In Table 3,
personal care, community management, and functional
mobility were the top three categories of activity that the
stroke participants struggled with.

The numbers of similar activities between the
individual pairs and the percentage of the similar activities
according to the categories of occupation are shown in
Table 4 and 5.

Table 4 Numbers of individual pairs according to the numbers of the same activities.

0 10
1 9
2 4
3 1
4 4
5 2

Table 5 Percentage of similar and different problems according to the categories of occupation.

Personal care 54 19 35 35.18 64.82
Functional mobility 30 8 22 26.67 73.33
Community 32 9 23 28.13 71.87
management

Paid/Unpaid work 19 6 13 31.57 68.43
Household 18 3 15 16.67 83.33
management

Quiet recreation 4 1 3 25 75
Total 157 46 (29.30%) 111 (70.70%)

When compare the identified activities between
the individual pairs, most of the individual pairs tended to
perceive a few of the same problems (0-2 activities). (See
Table 4) Also, there were 10 out of 30 pairs reporting none
of the same problems. In Table 5, there were only 46 out
of 157 activities (29.30%) that the stroke participants and
their family caregivers reported the same. The top three
categories of activity being reported the same were personal

care, paid/unpaid work, and community management
with the percentage of the same problems of 35.18, 31.57,
28.1 respectively. For those 46 activities, the perceptions on
occupational performance and satisfaction of occupational
performance between the stroke participants and their
primary caregivers were not statistically different as shown
in Table 6 and 7.

Table 6 The comparison of occupational performance of stroke survivors between the perception of the stroke participants
and their family caregivers (n=46 activities).

Stroke participants

1/9 3.78+2.42

Family caregivers

1/8

3.61+2.18

-0.326 (.744)
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Table 7 The comparison of satisfaction with occupational performance of stroke survivors between the perception of the
stroke participants and their family caregivers. (n=46 activities).

Group Min/Max MeantSD Wilcoxon Signed Ranks Test
Z(p)
Stroke participants 1/9 3.61+2.74
- - -1.252 (.211)
Family caregivers 1/8 4.35+2.49
Discussion caregivers had close relationship (couples and parents-children),

This study’s was aimed to investigate and compare
the perception of 30 stroke survivors and their family
caregivers on occupations after stroke. From the demographic
data, most of the family caregivers were female. Most of
them were spouses, and children were the next highest
category.® This was in accordance with other studies.> ® The
COPM was an individualized, client-centered outcome measure.*°
It was designed to capture a client’s self-perception of
occupation performance in everyday living.”° It could be
used with family members or caregivers.?* The results of
assessment by the 4™ edition COPM showed that the stroke
participants and their family caregivers shared some
similarities and differences in the perception of occupations
after stroke.

Regarding similarity, both groups perceived that
stroke had an impact on occupations, especially in terms
of self-care activities (Table 2), including personal care,
community management, and functional mobility (Table 3).
Concerning occupational therapy, occupations occur in
context and are influenced by the interplay among client
factors, performance skills, and performance patterns.?
Values, beliefs, and spirituality are the client factors
influencing a person’s motivation to engage in occupations
and give his or her life meaning.? As self-care activity has
an important role in maintaining health and wellness,* 13
people expect to regularly perform their self-care activities
by themselves. Therefore, it is not surprising that the stroke
participants and their primary caregivers expressed most
of the problems in the area of self-care activity. However,
there were some categories of activity that the stroke
participants and their family caregivers did not report to
have caused any problem. These included play/school
activity, active recreation, and socialization. In the study,
the stroke participants were adults or elders, and they
did not need to do any activity in the play/school category.
With regard to active recreation and socialization, this
might be a result of the fact that the stroke participants and
their family caregivers were asked to identify a maximum
of five most significant occupations at the time of interview.
Therefore, less significant activities were not reported.
Moreover, having disability led to limitation of participation
that was less diverse, limited in the home, involved fewer
social relationships, and included less active recreation.'*
Thus, it might be possible that the stroke participants had
significant disabilities that prevented them from doing
less significant activities such as active recreation and
socialization.

Even though the stroke participants and their family

most of the stroke participants and their family caregivers
perceived a few of the same problems (0-2 activities for
each individual pair) (Table 4), or 46 activities out of total
157 identified activities (29.30%) (Table 5). When considering
each category of activity (Table5), the highest three categories
that both groups reported the same were personal care,
paid/unpaid work, and community management. According
to the nature of the activities in these categories, the
stroke participants might not be able to perform them
independently due to their decreased performance skills
and physical barriers. They might need a great deal of
assistance, or even had to ask their family caregivers for
help. Therefore, both stroke participants and their family
caregivers might perceive these activities much more the
same than other groups of activity.

As the results of the study indicated the discrepancy
of perception on occupations after stroke between the
stroke participants and their family caregivers, this might
lead to unmet care needs. The stroke participants might
not receive any help in the significant activities that they
needed or could not perform by themselves, or the family
caregivers might provide the stroke participants with
assistance in the activities that they did not want. Moreover,
the discrepancy of perception of occupations after stroke
might make their family caregivers overestimate or
underestimate the performance and satisfaction of the
stroke participants on those occupations. Unfortunately,
the study did not design the methodology to proof this.
There was only an analysis of the performance and
satisfaction scores of the same activities reported by the
stroke participants and their family caregivers (Table 6 and 7)
indicating no differences of their perception on those scores.

Our finding confirmed the importance of understanding
the needs of care in enabling the family caregivers to know
the remaining functional capacity and satisfaction of the
stroke survivors on those activities. Consequently, the
family caregivers could provide the stroke survivors with
appropriate and accordant assistance. Understanding the
stroke participants’ needs of care using occupations as a
tool is not only beneficial to the stroke participants, but
it can also relieve suffering among the family caregivers.
The results of this study indicating the importance of
understanding the needs of care in the family caregivers
were in line with other studies concerning the uncertainty
about stroke patients’ care needs that caused a feeling of
caregiving burden in the family caregivers.>** They did not
have a good understanding of the role to which they were
committed, and they were not well prepared to take on
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even the basic tasks to meet the stroke patients’ needs on
discharge.'® Therefore, early clarification of the stroke
survivors’ care needs is recommended for promoting
better quality of life for the stroke survivors and their
family caregivers. Thai occupational therapists should
extend their expertise to the community to drive this crucial
mechanism. The client-centered approach seemed to work
well for promoting the understanding of occupations among
Thai stroke survivors and their family caregivers. The
outcomes of promoting the understanding about occupations
among Thai stroke survivors and their family caregivers
require further investigation.

Conclusion

The stroke survivors and their family caregivers had
both similarities and discrepancies of the perception on
occupations after stroke. To promote better health and
well-being in the stroke survivors, the stroke survivors’ and
their family caregiver’s perception should be adjusted to
meet the same perception on occupations.
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ARTICLE INFO ABSTRACT

Article history: Background: Leukemic stem cells (LSCs) play a central role in relapse and refractory
Received 15 October 2017 cases of leukemia patients. This cell has been found to resist to a conventional
Accepted as revised 12 January 2018 chemotherapy more than leukemic cells. Novel therapeutic strategy directly
Available online 19 January 2018 targets to eliminate the LSCs for eradication of the disease. Abnormal of leukemic
Keywords: cell proliferation is the main problem. The mechanism is involved in many proteins
Leukemic stem cell, leukemia, CD34*/CD38;, in cell signaling pathway. Wilms’ tumor 1 protein (WT1) is the transcription factor
Wilms’ tumor 1 protein. It overexpresses and relates to leukemic cell proliferation but there is no

report of WT1 protein expression in the LSCs.

Objectives: To compare the percent of LSC (CD34*/CD38) population and WT1
protein expression levels in KG-1a, KG-1, and K562 cell lines.

Materials and methods: Leukemic cells were determined percent of LSC population
and WT1 protein level by flow cytometry and Western blot analysis.

Results: The result showed that LSC population in KG-1a, KG-1, and K562 cells
were 92.82+3.28, 75.95+4.83, and 0.44+0.51%, respectively. Almost cell population
(over than 99%) in K562 cells was leukemic blast cells (CD34°). WT1 protein
levels by mean fluorescent intensity (MFI) analysis in LSCs of KG-1a, KG-1, and K562
cells were 46.8+5.92, 59.54+4.65, and 183.42+17, respectively. By Western blot
analysis, KG-1a cells showed the highest CD34 protein level while KG-1 and K562
cells were 35.68+11.01 and 3.56+3.56%, respectively, when compared to that of
KG-1a (100%). Moreover, K562 cells showed the highest WT1 protein level (100%),
followed by KG-1 and KG-1a cells with the expression values of 67.2316.86 and
42.5245.84%, respectively.

Conclusion: WT1 protein expression levels in LSCs of KG-1a cells was less than KG-1
and K562 cells. WT-1 expression is related with the leukemic cell proliferation rate.

Introduction be an additional 70% of cancer patients and will occur in
developing countries in the next 20 years.' In Thailand,
cancer is the first cause of death for several decades. In
2011, there were approximately 35,000 patients who died
with cancers. Leukemia is a type of cancer that can be
found throughout the world and in people of all ages,

Cancer is a public health problem in the world which
is approximately 13% of death cause. In 2012, there are
more than 8.2 million of cancer patients and the World
Health Organization (WHO) has predicted that there will
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children, the incidence of leukemia was found in 53% of
all cancers. Moreover, 74% of leukemia is a type of acute
lymphoblastic leukemia (ALL).! Nowadays, chemotherapy
is the most popular for many cancer treatments, including
leukemia. However, there are many leukemia patients who
do not respond to chemotherapy because anti-cancer drugs
cannot completely eliminate all of leukemic cells in patients.
The remaining cells in the patients during treatment or after
treatment is known as minimal residue disease (MRD).
Leukemic stem cell (LSC) is always found in MRD. Previous
reports showed that LSCs resisted to chemotherapeutic drugs
more than normal leukemic cells after chemotherapeutic
induction. They express CD34* and CD38 on their cell
surfaces.* Moreover, LSCs (CD34*/CD38’) could also self-renew
and differentiate into leukemic blasts in the recipient mice.**
Cell surface proteins in LSCs are different from hematopoietic
stem cells (HSCs) even if they are CD34*/CD38". LSCs show
different cell surface markers such as, CD44°%, CD96’, and
CD1233. High frequencies of CD34*/CD38" LSC at diagnosis
and after treatment help to predict relapse in AML.°

In leukemic cells, Wilms’ tumor 1 (WT1) protein is
expressed as a biological marker and plays an important
role in cell proliferation.’ It is overexpressed in leukemic
cells when compared to normal blood cells. The decreasing
of WT1 protein expression results in decreasing of leukemic
cell proliferation.’*2 Thus, WT1 protein plays a key role in
leukemogenesis. However, there is no report about WT1
in LSCs. We believed that all cell population mixtures of
cell lines have LSCs, but the cell number population may
be varied by the type of leukemic cell line. This study was
to investigate percent population of LSCs in three
leukemic cell lines and determine percent of WT1 expression
in LSCs. KG-1, KG-1a, and K562 cells are leukemic cell lines
to be used as the leukemic cell model in this study.

Materials and methods

Cell culture and condition

KG-1 (acute myeloblastic leukemia cell line), KG-1a
(subline of KG-1 cell line), and K562 (chronic myelogenous
leukemia cell line) were used as human leukemic cell line
models in this study. K562 cells were cultured in RPMI-1640
medium (GIBCO™, Thermo Fisher Scientific, MA, USA)
supplemented with 10% fetal bovine serum (Capricon,
Ebsdorfergrund, Germany), 2 mM L-glutamine, 100 units/mL
penicillin and 100 pg/mL streptomycin (GIBCO™, Thermo
Fisher Scientific, MA, USA). KG-1a and KG-1 cells were
cultured in IMDM medium (GIBCO™, Thermo Fisher
Scientific, MA, USA) supplemented with 20% fetal bovine
serum, 2 mM L-glutamine, 100 units/mL penicillin and
100 pg/mL streptomycin. All leukemic cell lines were
cultured at 37 °Cin a humidified incubator with 5% CO,.

Growth rate analysis of leukemic cell lines

KG-1a, KG-2, and K562 cells were seeded with
complete medium in 24-well plate with the concentration
of 1.0x10* cells/well. Then, cells were counted with trypan
blue dye exclusion method (0.4% trypan blue solution,
Amresco®, OH, USA) for 6 days. Values for the measured
property are plotted on a graph between total viable cell

number and times.

Trypan blue dye exclusion method

After leukemic cells were harvested, cells were
washed with ice-cold PBS, pH 7.4 for 3 times. Then, cells
were resuspended with PBS, pH 7.4 and stained with 0.4%
trypan blue solution at 1:2 dilution for counting cells on
hemocytometer. The viable cell shows a clear cytoplasm
because it can exclude trypan blue, while dead cells show
a blue cytoplasm and vice versa in mechanism.

CD34*/CD38 cell analysis by flow cytometry

KG-1a, KG-1, and K562 cells were harvested after
cell concentrations reached 80% cell confluency. Then,
cells were adjusted the concentration to 1.0x107 cells/mL
and blocked non-specific antibody binding with 10%
AB serum in PBS for 30 min at 4 °C. After that, leukemic
cell lines were incubated with FITC conjugated anti-CD34
and PE conjugated anti-CD38 monoclonal antibodies for
30 min at 4 °C. Cells were then washed with 1% BSA-PBS
for 3 times and re-suspended with 1% paraformaldehyde.
CD34*/CD38 cells were analyzed by flow cytometer
(FC500, Beckman coulter, CA, USA).

WT1 protein expression by flow cytometry

The leukemic cell lines were examined WT1 by flow
cytometry. Briefly, leukemic cell lines (1.0x107 cells) were
blocked non-specific antibody binding with 10% human
AB serum in PBS, pH 7.4 for 30 min at 4 °C. After that,
cells were fixed with 4% paraformaldehyde for 20 min
exactly. Then, cells were washed and permeabilized by
permeabilization buffer (0.02% NaN,, 0.1% saponin, and
5% FBS in PBS, pH 7.4) and incubated with anti-WT1
antibody for 30 min at 4 °C. Cells were washed with
permeabilization buffer and incubated with PE-Cy5.5
conjugated secondary antibody for 30 min at 4 °C.
Finally, cells were washed and re-suspended with 1%
paraformaldehyde for flow cytometry analysis.

Protein extraction and Western blotting

KG-1a, KG-1, and K562 cells were harvested after cells
reached 80% cell confluency. Leukemic cells were harvested.
The number of viable cells was determined using 0.4%
trypan blue dye solution. Thereafter, total protein was
extracted using RIPA buffer. Protein concentration was
measured by the Folin-Lowry method. Protein was
separated by 12% SDS-PAGE and then transferred to PVDF
membranes. Membranes were blocked in 5% skim milk
and probed by rabbit polyclonal anti-WT1 antibody
(Santa Cruz Biotechnology, TX, USA), rabbit monoclonal
anti-CD34 antibody (Santa Cruz Biotechnology, TX, USA)
and rabbit polyclonal anti-GAPDH antibody (Santa Cruz
Biotechnology, TX, USA) at dilution 1:1,000. The reaction
was followed by HRP-conjugated goat anti-rabbit 1gG
(Invitrogen™, CA, USA) at 1:20,000 dilution. The proteins
were visualized using Luminata™ Forte Western HRP
substrate (Millipore Corporation, MA, USA). Finally, the
protein band signal was quantified by using a scan
densitometer (Bio-Rad, CA, USA).
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Statistical analysis

Data are expressed as the meanSD from triplicate
samples of three independent experiments. The statistical
differences between the means were determined using
independent t-test. The differences were considered
significant when the probability value obtained was found
to be less than 0.05 (p<0.05) and 0.001 (p<0.001).
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Results

Cell growth of KG-1, KG-1a, and K562 leukemic cell lines

Figure 1 shows the different patterns of leukemic
cell growths. The growth rate of all leukemic cells showed
lag phase in the first 3 days. After day 3, KG-1a and KG-1
cells showed low proliferation rate as compared to K562
cells.

Days

Figure 1. Growth curves of leukemic cell lines. KG-1a, KG-1, and K562 cells were seeded in 24 well-plates with the concentration of 1.0x10° cells/well. Cells

were counted with trypan blue exclusion method for 6 days.

Leukemic stem cell population in leukemic cell lines by
flow cytometry

In this study, KG-1a cells had the highest LSC
(CD34%/CD38) population with 92.82+3.28% by flow
cytometry followed by KG-1 cells with 75.95+4.83%, while

leukemic stem cell population in K562 cells were less than
0.5%. The K562 cell population mostly were blast cells
(CD34°) which showed more than 99%. The result showed
significantly different of LSC population among KG-1a cells
and others two cell lines (p<0.001) (Table 1 and Figure 2).

Table 1 Percentage of leukemic stem cell populations in cell lines.

Cell lines % Cell populations (MeanxSD)
CD34*/CD38 CD34*/CD38* CD34/CD38 CD34-/CD38*
KG-1a 92.82+3.28 1.60+1.18 3.54+2.28 0.06+0.03
KG-1 75.95+4.83 13.62+5.24 6.58+3.90 1.85+1.43
K562 0.44+0.51 0.26+0.16 98.27+0.59 1.30+0.28

Data represents the meanzstandard deviation (SD) of three independent experiments.
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Figure 2. Leukemic stem cell populations in each cell line. (A) Flow cytometry analysis show cell populations in each quadrant region. Each cell line was
stained with FITC conjugated anti-CD34 antibody and PE conjugated anti-CD38 antibody. (B) Data of LSC populations were represented as the
mean valuestSD of three independent experiments. Single asterisk (*) denotes a significant difference from each group at p-value<0.05 and
double asterisk (**) denotes a significant difference in each group at p-value<0.001.

WT1 protein expression in leukemic cells by flow cytometry showed that K562 cells had the highest mean fluorescence

To determine WT1 protein expressions in LSCs, all intensity (MFI) of WT1 in leukemic cells with 183.42+17.44,
leukemic cell lines were determined and compared WT1 followed by KG-1 and KG-1a with the MFIs of 59.54+4.65
protein expression levels by flow cytometry. The result and 46.815.92, respectively (Figure 3).
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Cell counts

[ K562 cells

WT1 -PE-Cy5.5
Figure 3. WT1 expression in leukemic cell lines. Each cell line was stained with FITC conjugated anti-CD34 antibody, PE conjugated anti-CD38 antibody, and
anti-WT1 antibody with PE-Cy5.5 conjugated secondary antibody.
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CD34 and WT1 protein expressions in leukemic cell lines
by Western blotting

KG-1a cells showed the highest CD34 protein expression
after determining by Western blotting (100%), while CD34
protein levels of KG-1 and K562 cells were significantly
lower than KG-1a cells with the values of 35.68+11.01
and 3.56+3.56%, respectively (Figure 4). The WT1 protein
levels showed that K562 cells had the highest WT1 protein
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level (100%), followed by KG-1 and KG-1a cells with
67.23+6.86 and 42.52+5.84%, respectively, compared to
K562 cells (Figure 5). The results showed significantly
different of WT1 protein expression between K562 cells
and others two cell lines (p<0.05). Moreover, WT1 protein
level of KG-1 cells was significantly higher (24.71%) than
KG-1a cells (p<0.05).

K562

<= CD34(90-120 kDa)

72
43 S
24 | M. . SR . GAPDH (37 kDa)
B 120 4 —— .
€ 100 | o '
-
8 80 -
a *
5 60 1
3
g 40 |
S 20
0
KG-1a KG1 K562

Figure 4. CD34 protein expression levels in leukemic cell lines. (A) The levels of CD34 protein from KG-1a, KG-1, and K562 cell lines after incubation for 48 h
were assessed by Western blotting; GAPDH was used as the loading control. (B) The protein levels were analyzed with a scan densitometer. Data
are the mean values+SD of three independent experiments. Single asterisk (*) denotes a significant difference from each group at p-value<0.05
and double asterisk (**) denotes a significant difference in each group at p-value<0.001.
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Figure 5. WT1 protein expression levels in leukemic cell lines. (A) The levels of WT1 protein form KG-1a, KG-1, and K562 cell lines after incubation for 48 h
were assessed by Western blotting; GAPDH was used as the loading control. (B) The protein levels were analyzed with a scan densitometer. Data
are the mean values#SD of three independent experiments. Single asterisk (*) denotes a significant difference from each group at p-value<0.05
and double asterisk (**) denotes a significant difference in each group at p-value<0.001.
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Discussion

Nowadays, there are many reports which indicated
both of acute myeloid leukemia (AML) and chronic myeloid
leukemia (CML) contain LSCs.*>13 LSCs are responsible
for relapse and refractory cases to leukemia chemotherapy.'
Thus, remaining LSC in leukemia patient (minimal residual
disease or MRD) is the main problem for leukemia treatment.
LSCs are also very difficult to get rid of due to drug resistance
and absence of drug response phenotypes. However, LSC
population rarely presented in AML patient was found
only 0.01-0.09%.* This study is the first report to show
the percent of LSCs in leukemic cell lines and relationship
between LSCs and WT1 protein expression in leukemic cell
lines.

In present study, three leukemic cell lines were
used as model and investigated their growth rates and LSC
populations for WT1 protein expression. LSC population in
both KG-1a and KG-1 cells were more than 50% while LSC
population in K562 cells were less than 0.5%. KG-1a cells
had LSC population more than 90%. This result relates to
the rate of cell growth in three cell lines.

WT1 protein have been reported as an oncoprotein
which is involved in leukemic cell proliferation.'® Increase
level of WT1 protein results in high rate of cell proliferation.
This study, WT1 expression levels in KG-1a, KG-1, and K562
cells were different. WT1 expression level in K562 cells
after flow cytometry and Western blotting showed the
highest levels whereas, the lowest was found in KG-1a cells.
This phenomenon relates to the growth rates of both cell
lines. K562 cells demonstrated higher rate of cell proliferation
than KG-1a cells from day 4 to 6. Furthermore, KG-1a
cells showed the different LSC populations (92.8243.28%)
with 211-fold when compared to K562 cells (0.44+0.51%).
LSC itself has lower activity when compared to leukemic
blast cells.®*® Almost cell population of K562 cell line is
leukemic blast cells (CD34°). Thus, cell proliferation rate
is higher than that of KG-1a cells (CD34%/CD38’). However,
KG-1 cells showed the rate of cell proliferation and LSC
population between KG-la and K562 cells. KG-1a cell is
less differentiated variant of KG-1 cell.®* Moreover, previous
reports also indicated that LSCs expressed Bmi-1 gene
which involved in the regulation of self-renewal and
differentiation in LSCs.2%22 High level of Bmi-1 gene
expression could lead to LSCs are mostly quiescent cell
cycle?® which suggested that conventional anti-proliferative
cytotoxic agents are minimally impacted against LSCs. In
hematopoietic cell differentiation, HSCs (CD34*/CD38’)
differentiate to be multipotent progenitor (CD34/CD38)
and committed cells (CD34*/CD38*).2* HSC resides in the
Lin//CD34*/CD387'°/CD90* fraction in bone marrow and
CD34*/CD38" cells contained multiple progenitors while
leukemia stem cells resided in an early CD34*/CD38/CD90
progenitor, while leukemic blasts were CD34*/CD38*
phenotype.??® Recently, there are previous reports
demonstrated that the distinct surface protein expressions
on LSCs as compared to normal HSCs, such as CD44°, CD9¢’,
and CD1238. These antigens are useful for the isolation
and identification of LSCs which required further study
for investigation in KG-1a cells. Previous study showed

that normal HSC-enriched population (Lin/CD34*/CD387/
CD90*) expressed CD96 weakly, while CD96* AML cells are
enriched for LSC activity.” Thus, CD96 was reported as a
LSC-specific marker in AML. However, WT1 protein have
been reported as a biological marker in leukemia. This
study reveals that WT1 protein expression also presents in
LSCs even if lower than that of leukemic cells.

This is the first report to show the WT1 protein
expression levels in LSCs. In present study, the result
indicated that WT1 protein expression is inversely propor-
tional to LSC population. Thus, KG-1a cells showed a low
proliferative rate than KG-1 and K562 cells.

Conclusion

KG-1a cell represents LSC of leukemia patient.
Furthermore, KG-1a cells also had WT1 expression which
was a suitable target protein for further study. This study
reveals the LSC population and WT1 protein levels in
distinct phenotypes of 3 leukemic cell lines are different.
These two factors (LSC population and WT1 protein) were
found to relate to rate of cell proliferations. High level of
WT1 protein indicates the high rate of cell proliferation
as presented in K562 leukemic blast cells. On the other
hand, low level was found in KG-1a leukemic stem cells.
However, WT1 can be used as biological marker in LSCs.
This research provides a basic knowledge for studying LSCs
target therapy. In addition, there are some other proteins
that also effect to proliferation and function of LSCs which
should be investigated in further study.
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ARTICLE INFO ABSTRACT

Article history: Background: Radiographic image is the first of choice for diagnosing complications
Received 1 December 2017 involving elephants’ limbs. The extreme thickness of their limbs causes inaccurate
Accepted as revised 28 January 2018 image quality. Therefore, an appropriate procedure is hereby investigated as a matter
Available online 30 January 2018 concerned. Because of difference of X-ray absorption in elephant tissue from human

Keywords: tissue, the Sante’s rule cannot be directly applied.

Asianlelephant, limb, diagnostic X-ray,  opjectives: This study sought to acquire the appropriate equation by modifying
Sante’s rule the Sante’s rule with a tissue factor for calculating the exposure technique for
Asian elephants’ limbs.

Materials and methods: Firstly, capacity of a mobile X-ray machine was evaluated in
terms of dose rate, precision, and accuracy of radiation. The exposure techniques
were then designed using the modified Sante’s rule and tested with the hind limbs
of 10 live elephants.

Results: Output of X-ray machine revealed the dose rate in milli-Rontgen per
milli-Ampere-sec equal to 4x10* of kVp?, and the machine factor equal to 6.4. The
radiographic images taken using the calculated exposure techniques showed good
quality, and so, it is possible to differentiate between the medullar and the cortex
of the bone.

Conclusion: Equations suitable for designing the exposure technique are kVp equal to
two times of sample thickness in centimeter plus source image distance in inche
and the tissue correcting factor 5, and mAs equal to two-fifths of the sample thickness
in centimeters.

Introduction by various organizations.! In the past decade, injury has
been the cause of most Thai and Asian elephants’ health
problems.?®* When zoo animals such as elephants have a
medical condition, radiological imaging is required as an
important tool for diagnosis.* Because of their thick limbs
and uncontrolled complications, exposure technique guidelines
are required for good quality images. Past studies have
sought to develop effective radiographic techniques for
large animals such as elephants and white rhinoceroses for

Elephant is the national animal of Thailand. Some
elephants have an elevated position as companions to
humans. The Thai Elephant Conservation Center’s Elephant
Hospital offers free treatment to elephants all over Thailand.
The treatments are offered through mobile clinics operated

* Corresponding author.

Author’s Address: Department of Radiologic Technology, monitoring bone maturation, ossification, mineralization,
Faculty of Associated Medical Sciences, Chiang Mai University, and injury.>® However, no explanation has been stated for
110 Intawaroroj Road, Sripoom, Chiang Mai Province, Thailand those acquired techniques. Image quality depends on the

** E-mail address: chatchanok.u@cmu.ac.th L. . . .
doi: 10.14456/jams.2018.8 variation of the influencing factors, such as kVp, mAs, time,

E-ISSN: 2539-6056 source image distance (SID), and tissue absorption factor.



46 C. Udomtanakunchai et al. Journal of Associated Medical Sciences 2018; 51(1): 45-50

In general, radiographic techniques (kVp and mAs) are
calculated based on the principles of Sante’s rule which
includes parameters such as tissue thickness, source
image distance and grid factor.? In fact, tissue density
which is one of the important factors that affect X-ray
absorption by a medium should be an factor of concern.®
Current available known data strongly indicated only X-ray
absorption on human tissue.®* The radiographic technique
calculated based on information on human characteristics
cannot be used for elephants because of the main difference
in physical characteristic of elephant skin. Lacking of knowledge
has led to imprecise radiographic techniques for diagnosing
elephants and is a cause for misdiagnosis. Hence, this work
aims to design the equation of exposure factors (kVp and
mAs) of a mobile X-ray machine for calculating the exposure
technique guidelines that use for elephant limbs.

Materials and methods

This study was approved by the Animal Ethics
Committee, Faculty of Veterinary Medicine, Chiang Mai
University, Thailand, in 2017 (R4/2560). Live Asian
elephants residing in The National Elephant Institute,
Forest Industry Organization, Lampang Province, Thailand,
were joined in this experiment. A mobile X-ray machine
(Hitachi, model Sirius 130HP, 250 mA, Japan) and a computed
radiograph of Fuji model FCR PRIMA Il (IP cassette type
CC with CR imaging plate type ST-VI size 14”x17”, Japan)
were used for image recording. All radiographic images
were recorded using digital image plates as DICOM files.
Histogram of intensity was obtained by a freeware Image)
program?® (version 1.51p) for image evaluation.

Evaluation of X-ray machine

Capacity of the X-ray machine was assessed by
triplicate determination of dose rate at three different mAs
of each kVp (60, 80, 90, 100, 110, 120 and 130) at source
image distance of 25 inch and field size of 14x14 square
inches. Line voltage (kVp), mAs, and dose rate of X-ray
were determined by using a solid state multisensor for
diagnostic range (Radcal model AGMS-D+, CA, USA) size
35.6 mm x 20.0 mm x 11.8 mm. The machine factor (P) of
the X-ray machine can be calculated from the relationship
between the dose, the kVp, and mAs as the following
equation: Dose (mR) = P(kVp)2.mAs/(SID)?.2¢

Exposure technique designing

For radiographic imaging, factors affecting the
exposure technique included capacity of the X-ray machine,
source image distance, grid, and image acquisition system.
Firstly, the estimated exposure technique was modified
based on Sante’s rule which includes equations for
calculating the kVp and the mAs value.'” One hind limb of
a live elephant was measured for thickness and subjected to
three trial exposures: (1) estimated technique, (2) lower
technique, and (3) higher technique. Three images were
evaluated. Exposure technique was then recalculated using
the modified Sante’s rule equation, and used to expose ten
live elephants’ hind limbs. Evaluation of the image quality
was based on veterinary opinions and density plot profil.

Statistical analysis was performed by authors. Microsoft
Excel (2016) program was used for descriptive statistics to
estimate the central tendency. All data were established
as normal distributions; then, the mean and the standard
deviation were calculated.

Results

Evaluation of X-ray machine

In order to draw the exposure technique chart, the
X-ray machine was assessed for exposure properties by
testing the precision and accuracy of kVp and the output
of X-ray. The kVp value was evaluated by setting kVp (60,
80, 90, 100, 110, 120, and 130) for three various mAs values
in each kVp. The accuracy and precision of kVp are,
respectively, presented in %Error (between 1.72 and 2.59)
and %CV (lower than 1 for all kVp) (Table 1). The result
of the output of the X-ray machine is shown in dose rate
in milli-roentgen per milli-ampere second (mR/mAs) at
each kVp, as shown in Figure 1. The relation between the
dose rate and kVp was defined by the equation mR/mAs
=6.4x10**kVp?, which gave the machine factor (P) as equal
to 6.4.

Table 1 Accuracy (%Error) and precision (%CV) of kVp
values between 60 and 130 of X-ray machine at
source image distance of 100 cm and field size of

14")(14”
Setting kVp (mAs) Measured kVp %Error | %CV
MeanSD
60 (50, 160, 200) 61.30+0.06 2.17 0.09
80 (40, 100, 160) 81.55+0.07 1.94 0.09
90 (40, 80, 120) 92.28+0.04 2.53 0.05
100 (40, 80, 120) 102.59+0.03 2.59 0.03
110 (40, 80, 100) 112.26+0.05 2.05 0.05
120 (20, 50, 80) 122.07+0.10 1.72 0.08
130 (20, 50, 80) 132.57+0.16 1.97 0.12
10+

8 u
< 6-
&
\
o
£ 4-

24

0 T T T N T

60 70 80 90 100 110 120
Setting kVp

Figure 1 Plot of exposure rate per mAs at various setting kVp values; the
relation was fitted with the equation mR/mAs = 6.4x10**kVp?
(machine factor, P=6.4).
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Exposure technique designing

According to the principal of the Beer-Lambert Rule
which descript the attenuation properties of X-ray in the
medium as the following equation.?

I=lpe™
Where p isthe linear attenuation coefficient (cm™)
I, is the initial intensity that is related to the
X-ray flux before passing through

| is the transmitted intensity that passes through
the medium at the measured thickness position
is the thickness of the medium that the X-ray
flux passes through (cm)

X

For human (subscript H) %:e“HX (1)
H
For elephant (subscript E) 'IO—E =gMeX (2)
E
(2)/(1) log I _ &' (3)
Ig loy e*HX
I()_El_Hze(HEX'UHX) (4)
Ie loH

By the condition of transmitted intensity from human
tissue and elephant tissue are the same |, = |_ and the linear
attenuation coefficient of elephant tissue (u.) which
obtained by previous studies is about 1.2 time of human
tissue (1=1.21,) so the initial intensity for elephant tissue
(I,) at the same thickness as human tissue can be simplified
as follow.

log=e(02). 1oy,

(5)

By using the equation (5), the estimated value of
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el®2+X gre ranging from 2-3 when the kVp value are ranging
from 40-150 kVp and the thickness of subject is 20 cm.
According to the machine factor of X-ray machine is in the
lower range that is about 5 times lesser than the maximum
value, so the first estimation of the kVp value was obtained
by using Sante’s rule plus the factor 10.

Test exposure

The capacity of the X-ray machine was such that it
showed good accuracy and precision of the kVp value, and
the exposure rate was found to theoretically correlate with
kVp2. Because of the machine factor and the effect of the
high density of the soft tissue of elephants, the radiographic
image of the hind limb in the projection of the lateral view
(20 cm thickness and the factor considered as 10) was taken
using the estimated technique (90 kVp 8 mAs) which was
modified from Sante’s rule, in comparison with the lower
kVp technique (70 kVp 30 mAs) and the higher kVp
technique (130 kVp 8 mAs). Among the three techniques,
the radiographic image obtained using 90 kVp, 8 mAs, was
found to be the best (Figure 2). The plot of density along
the transverse image (cross lines) showed no difference in
density between the bone tissue and the soft tissue in the
lower technique. Regarding the other techniques, the
difference between the bone tissue and the soft tissue can
be identified using the plot of density, but it lacks some
details in the bone part. The new exposure technique was
recalculated. The factor 5 was added for the kVp instead
and the mAs value was equal to two-fifths of the subject
thickness. The equation can be finalized as follows.

kVp = (2 x Tissue thickness [in cm]) + SID (in inch)+5
mAs = Tissue thickness (in cm)/2.5

(A)
70 kVp 30 mAs

e

£
&

e

(B)
90 kVp 8 mAs

(©
130 kVp 8 mAs

Densdy

Destance (mm

180

Distance (mm

M we M0 W1 W 250

Destance (mm| |

Figure 2 Radiographic images of lateral view of the elephant’s hind limb (upper row) and density plot profile of each image at the white level (lower row)
at the lower technique (A), expected technique (B) ,and higher technique (C).
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The exposure technique was recalculated (Table 2)
and used to expose the hind limbs of the 10 live elephants
which consisted of five males (5, 33, 42, 59, and 67 years) and
five females (4, 21, 23, 32, and 72 years) with thicknesses
at the middle level of tibia in the range of 19-25 cm. The
radiographic images with no post-processing were observed

to have good detail in both tibia and fibula except M4
and F3 which have the thick tibia (Figure 3). The quality of
the radiographic image in the density plot was extremely
good, and the image revealed considerable detail with
good distinction between the medullar and the cortex of
the bone (Figure 4).

Table 2 Exposure technique guidelines for Asian elephants’ limb at various thicknesses (in cm) (kVp = 2 x Tissue thickness
[in cm] +SID [in inch]) + 5, and mAs = Tissue thickness (in cm)/2.5, SID 40 inch, no grid, and IP cassette type CC with

CR imaging plate type ST-VI size 14”x17”

Thickness (cm)  kVp mAs Thickness (cm)  kVp mAs
16 77 6.3 26 97 12
17 79 6.3 27 99 12
18 81 8 28 101 12
19 83 8 29 103 12
20 85 8 30 105 12
21 87 8 31 107 16
22 89 10 32 109 16
23 91 10 33 111 16
24 93 10 34 113 16
25 95 12 35 115 16

Figure 3 Radiographic images of the lateral view of the hind limb from ten elephants; the upper row are images from five male elephants (M1 -M5) and the
lower row from five female elephants (F1-F5). Thickness and exposure technique of each image are as follows: M1 (19 cm), 83 kVp, 8 mAs; M2
(22 cm), 89 kVp, 10 mAs; M3 (20 cm), 85 kVp, 8 mAs; M4 (22 cm), 89 kVp, 10 mAs; M5 (23 cm), 91 kVp, 10 mAs; and F1 (19 cm), 83 kVp, 8 mAs;
F2 (20 cm), 85 kVp, 8 mAs; F3 (25 cm), 95 kVp, 12 mAs; F4 (21 cm), 87 kVp, 8 mAs; and F5 (21 cm), 87 kVp, 8 mAs.



C. Udomtanakunchai et al. Journal of Associated Medical Sciences 2018; 51(1): 45-50 49

Fibular

Medullar
" T T Cortex
Aysuaq

Distance (mm)

Figure 4 Density plot profile of the transverse axial region (white block)
(right) of the lateral view of the hind limb of an elephant
(F1: age 4 years, 83 kVp, 8 mAs) (left).

Discussion and Conclusion

The assignment of the exposure technique for
elephants’ hind limb is dependent on many factors, such
as output of X-ray machine, image recorder system, and
tissue absorption. In general, the grid is usually applied for
the X-ray image of the organ with a thickness greater than
20 cm, but in this case, the grid cutoff effect can be easily
found by the movement of the animal. In this study, the
output of a mobile X-ray machine was reported in terms of
mR/mAs as a function of kVp? with the constant of 6.4x10%,
which caused the machine factor (P) to be equal to 6.4.
In general, the P value ranges from 5 up to 30.* In order
to assign the exposure technique, it has to be taken into
consideration that the kVp and the mAs values depend not
only on the capacity of the X-ray machine but also on the
absorbability of the elephant tissue. The previous study of
authors on the linear attenuation coefficient of elephant
soft tissue showed it to be about 1.2 times more than that
of the human muscle. Results suggested that elephants
required 2—3 times amount of the primary radiation
exposed in order to receive the same image quality as that
of human. The first trial technique for the hind limb of
elephants was estimated based on Sante’s rule plus a factor
of 10 for the kVp value. This image was of moderate quality
since it lacked bony detail because of low contrast image,
which was caused by high kVp. A small adjustment was
given to the kVp value for estimation, and it was used for
the exposition. In practice, the limitation of the mobile
X-ray machine was that the mAs setting values were fixed
values such as 2, 2.5, 3.2, 4, 5, 6.3, 8, 10 up to 200 such
that the mAs value had to be selected from the adjacent
value of calculation. When the image showed up too light
which was caused by high bone density or plaque addition,
increasing the value of mAs by 30-50% or the value of kVp
by 10-15% was recommended. Because of the restlessness of
the elephant, the shortest exposure time is recommended,
and so, increasing of kVp is the first choice. In conclusion,
the exposure technique guidelines for Asian elephant
limbs can be designed by using the equations of kVp
= (2 x Tissue thickness [in cm]) + SID (in inches) + 5 and
mAs = Tissue thickness (in cm)/2.5.
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Volumetric and dosimetric comparison of helical tomotherapy treatment planning using
different strategies of four dimensional computed tomography images for target volume
definition in non-small cell lung cancer patients
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ARTICLE INFO ABSTRACT

Article history: Background: Four-dimensional computed tomography (4DCT) images were used to
Received 16 November 2017 generate internal target volume (ITV) in lung cancer. However, the drawback is time
ACCf’pted as {evised 28 January 2018 consumed to delineate all sets of CT scans. Maximum intensity projection (MIP) and
Available online 30 January 2018 select phases of 4DCT datasets were used to reduce time consumed to delineate the
Keywords: ITv.

Four-dimensional computed tomography,
non-small cell lung cancer, helical
tomotherapy, maximum intensity
projection, internal target volume

Objectives: To compare the volume of ITV and dosimetric parameters of planning
target volume (PTV) based on three different 4DCT datasets in non-small cell lung
cancer (NSCLC) patients of helical tomotherapy treatment planning.

Materials and methods: The 4DCT image datasets of 7 patients diagnosed with stage
I-IIl NSCLC were used. All gross target volumes (GTVs) were delineated by the same
radiation oncologist in 3 different 4DCT datasets (10 phases, 3 phases, and MIP image)
using Oncentra Master Plan v.4.3 contouring software. PTVggnases; PTV3ghases and
PTVy» were generated and treatment planning were performed. From PTVs contour,
volume and ratio of ITV as well as matching index (MI) were compared. Helical
tomotherapy planning was done for each PTV then dosimetric parameters for PTVs
and organs at risk (OARs) were evaluated. Statistical analysis was performed using
Pair t- test and a p<0.05 was considered to be statistically significant.

Results: Mean volume of ITVs were 64.09+63.05 cc, 60.40+60.99 cc, 59.85+60.23 cc for
ITV10phasess ITV3phases @nd 1TV, ., respectively. The ITVsgnaes and 1TV, were significantly
smaller than the ITVigphases (p<0.05). The mean ratios between TV;yhases and TV igpnases
and between ITVyp and TV gpheses Were 0.93 and 0.92, respectively. The mean Ml
between ITV3phases and TV igpnases and between 1TV and TV gpnases Were 0.90 and 0.87,
respectively. For the mean MI and the mean ratios of ITVs, there was no significant
difference between ITV;phases VErsus 1TV gphases aNd 1TV e versus 1TV gpnases. FOF
dosimetric parameters of PTVs, the average V95 of PTVigpnasess PTV3phases and PTVyyp
were 99.51%, 99.65% and 99.68%, respectively. The average V107 of PTVighases
PTV3phases and PTVyp were 0.24%, 0.22% and 0.23%, respectively. About OARs dose,
only statistically significant difference was found in the Ipsilateral lung dose (V20 and
V30) of PTV1gphases and PTVyyp.

Conclusion: MIP images are reliable for creating ITVs in early stage patients. The
3 phases images data sets are reliable for generating ITVs for all stages of NSCLC
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in which tumor moves straightforward superoinferior (Sl)
direction and that tumor deformation during breathing are
minimal. Dosimetric parameters of all 3 PTVs generated by
using 3 different ITV definitions are similar.

Introduction

Respiration is the major cause of intrafraction motion
in radiotherapy treatment delivery especially in Non small
cell lung cancer (NSCLC) . In radiotherapy treatment planning,
to ensure the target volume was covered by prescription
dose, the margin needs to be added to clinical target volume
(CTV) for forming Internal target volume (ITV) to account
intrafraction motion. Four-dimensional computed tomography
(4DCT) is an advance technique to create many data sets
images tag with respiration movement. This technique is
suitable for tumor that move due to respiration especially
lung cancer. The 4DCT images can be used to create Internal
target volume (ITV) of tumor. Various methods for generating
an ITV from 4DCT dataset have been reported. Ideally, the
method to create an ITV is contouring all individual CT dataset
but the drawback for this method is the time required to
delineate all sets of CT scans. To reduce the workload and
time consuming, the Maximum intensity projection (MIP)
and selected phases images were used to generate ITV.

Table 1 Patients characteristics

Briefly, the MIP is the post processing tool that reflects the
maximum CT number value in each voxel and displays in
full intensity with brightest object on projection image?.
In this study, the MIP image was created from 10 phases
of 4DCT datasets. There were several researches?® studied
about these methods (MIP and selected phases) compared
to all 10 phases images method in terms of the accuracy
and efficiency to generate ITV. Therefore, this study studied
about MIP and 3 phases methods compared to all 10 phases
images method in term of the accuracy and efficiency to
generate ITV. This study purpose to compare volume of ITV
and dosimetric parameters of different target volume that
were created by MIP images and selected phases (3 phases)
images with 10 phases images (standard method) in Non
small cell lung cancer (NSCLC).

Materials and methods

1. Patient characteristics

Prospective analysis performed on 4DCT datasets
from 7 patients who were diagnosed stage I-lll with Non-small
cell lung cancer (NSCLC) who received external radiotherapy
in Radiotherapy Department of Maharaj Nakhon Chiangmai
hospital from March - May 2017. The patient characteristics
are summarized in Table 1.

No. Sex Age (years) TNM Staging Stage grouping Tumor site
1 Male 61 T3N3MO Stage I1I1B LUL
2 Male 70 T2aN2MO0 Stage IIIA RML
3 Female 62 T3N2MO Stage IlIA LUL
4 Female 56 T4N3MO Stage IlIB RUL
5 Male 54 TAN2MO Stage IIIB RUL,RLL
6 Male 60 T4N3MO Stage 11IB RUL,RML
7 Male 79 T1bNOMO Stage IA LLL

TNM = Tumor, Node, Metastasis; RUL = Right Upper Lobe; RML=Right Middle Lobe; RLL= Right Lower Lobe; LUL= Left Upper Lobe; LLL = Left Lower Lobe

2. CT simulation and image acquisition

All patients were immobilized with wing board
in supine position with arms above the head during
simulation. The 4DCT scanning was performed during free
breathing on 64-slice CT scanner (Sensation Open AS,
Siemens, Erlangen, Germany). The respiratory signal for
the 4DCT was generated by the respiratory gating system
AZ-733VI (AZ-733V, Anzai Medical Co. Tokyo, Japan). The
3DCT with intravenous contrast was performed with scanning
parameters as shown in Table 2.

Table 2 Scanning parameters of 3DCT acquisition.

Acquisition Parameters 3DCT
Voltage (kV) 120 kv
Effective current (mAs) CARE DOSE
Slice thickness (mm) 5mm
Gantry rotation time (s) 0.5 s (default)
Pitch 0.83

After that, 4DCT imaging acquired with scanning
parameters are shown in Table 3. Then, the 4DCT datasets
were sorted according to phases in 10 CT volumes (CT0%,
CT 10%,...,CT90%). The 0% is full maximum inspiration and
50% correspond to full maximum expiration. Moreover,
post processing tool, MIP image dataset was created by
the software using raw data of all 10 scan phases. All CT
datasets were transferred to Oncentra master plan (v 4.3)
for contouring target volumes and organs at risk (OARs)

Table 3 Scanning parameters of 4DCT acquisition.

Acquisition Parameters 4D CT
Voltage (kV) 120 kv
Effective current (mAs) CARE DOSE
Slice thickness (mm) 5mm
Gantry rotation time (s) 0.5 s (default)
Pitch 0.09
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3. Target volume generation
All 4DCT image datasets and MIP image dataset were
transferred to the Oncentra Master Plan v.4.3 contouring
software. For each patient, the Gross tumor volumes (GTVs)
were delineated on each of the 10 phases of 4DCT datasets
(GTVigphases), GTV3pnases Was delineated on 3 phases image
(full-maximum inspiration, mid-expiration, full-maximum
expiration) of 4DCT datasets and GTV,,, was delineated on
MIP image dataset by the same radiation oncologist using
lung window setting (WW1600, WL-600). The 5 mm
expansion was added around GTVigphases; GTV3phases @and
GTVyp to account the microscopic disease extent and
defined as CTVigphasess CTV3phases and CTVyyp, respectively.
Then three different Internal target volumes (ITVs) and
Planning target volumes (PTVs) were generated as follow,
i) ITVigphases derived from combining all CTVs (CTV0%
- CTV90%) in the 10 respiratory phases. PTV was
created by adding 5 mm isotropic margin around
[TV 1gphases fOr set up error and determined as
PTVlOphases-
i) ITV3phases derived from combining 3 CTVs that
encompassed CTV0% (full-maximum inspiration),
CTV20% (mid-expiration) and CTV50% (full-maximum
expiration). The PTV was created by adding 5 mm
isotropic margin around ITVsyh.ss for set up error
and determined as PTV3ghases-
iii)ITVye was equivalent to CTVy,e. The reason why
ITVye was equivalent to CTVy,» because the disease
outlined on MIP image includes all movement of
tumor. For the PTV was created by adding 5 mm
isotropic margin around ITVy,, for set up error
and determined as PTV .
iv)
4. Analysis of internal target volume (ITV)
Three different ITV definitions were measured and
compared using ratio of ITVs and matching index(Ml). In
this study, ITVigphases Was set as a reference volume.

4.1 Ratio of ITVs
The ratio of ITV is defined as the ratio volume
of ITV1gphases t0 ITVEest (ITVshases and ITVyp). The formula is
as follow,
ITViest

ITV10phases
The ideal value of the ratio of ITV is 1 if two
volumes are identical.

4.2 Matching index (Ml)

Matching index (M) is defined as the ratio of
the intersection of ITV A (ITVigphases) With ITV B (ITV3pnases
or ITVy,e) to the union of ITV A and ITV B. The formula is
as follow,

ITVAAITVB

ITVAUITVB

The maximum value of Ml is 1 if two volumes
are identical and the minimum value is 0 if values are
completely non-overlapping.

MI(A,B) =

5. Helical tomotherapy treatment planning

For each patient, treatment plans of PTVigpnases
PTV3gnases and PTVyy» were designed on 3DCT data set. All
plans were optimized using the Tomotherapy Hi-Art TPS,
version 5.1.0.4 using the same optimization parameters
with 2.5 cm field width (FW), 0.287 pitch factor (PF) and
3.5 modulation factor (MF). Dose distribution for each
beamlet was calculated using a convolution/superposition
algorithm. Dose prescription was 60 Gy for 2 Gy per fraction
delivered to the PTVs.

6. Dosimetric parameters evaluation

Planning target volumes (PTVs) obtained using three
different ITV definitions were evaluated and compared.
For this study, PTVigpnases Was set as a reference volume.
D50 was normalized to 60 Gy in all cases and all types
of PTV following ICRU 83°. For each plan, dosimetric
parameters of PTV were evaluated including V95 and V107,
while organs at risk (OARs) were evaluated in according to
radiation therapy oncology group (RTOG) 0617 report
that include the following parameters: percentage volume
of Ipsilateral lung receiving 20 Gy and 30 Gy (V20, V30);
percentage volume of contralateral lung receiving 20 Gy
(V20); Dmax of Spinal cord; Dmean of Esophagus and D33
of Heart.

7. Statistical analysis

Statistical analysis was performed using the SPSS 19.0
for window. Volume of ITV, ratios of ITV, matching index
(M1) and dosimetric parameters were compared using pair
t- test and p<0.05 was considered to be statistically significant
difference.

Results

Volume of Internal target volume (ITV)

Volume of ITVs of each patient is shown in Table
4. Mean volume of ITVs were 64.09+63.05 cc, 60.40+60.09
cc and 59.85£60.23 cc for ITVigphasess 1TVzphases and 1TV,
respectively. The ITVignases Was the largest volume for all
patients. ITVayhases and [TV Were significantly smaller than
[TV i0phases (p<0.05). Extreme large absolute volume differences
were observed for case number 3, 4 and 5 with the difference
in range of 5.46 to 8.34 cc. For case 7 with early stage
patient, the volume of ITV3yhases and 1TV are very closed
to ITVigpnases With the volume differences of 0.07 and 0.11 cc
for ITV3pnases and [TV, respectively.

Table 4 Volume of internal target volume (ITV) for ITV
ITV3ghases and ITVye.

10phases’

Volume of ITVs (cc.)
Patient No.

1TV 10phases ITV3phases ITVmie
1 32.66 31.89 31.11
2 16.00 13.18 13.34
3 186.67 181.03 178.33
4 88.60 80.78 82.41
5 86.37 79.98 78.54
6 33.18 30.86 30.16
7 5.15 5.08 5.04

Mean+SD 64.09+63.05 60.40+60.99 59.85+60.23
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Ratio of Internal target volume (ITV)

Table 5 shows the ratios of internal target volume
(ITV) for ITVsphases and 1TV yp relative to the reference
[TVigphases- If consider in the percent volume change, case
number 2 was the maximum difference with the changed
around 20% volume. All of the ratio values were less than 1

0.90£0.05 and 0.87%0.07, respectively. There were no
significant differences of the mean MI between ITVsppages
and [TV related to 1TV ggnases (0=0.38).

Table 6 Matching index (M) for ITV3pnases and [TV relative
to the reference ITVigghases-

that represented to the smaller of ITV;phases and ITVye R
compared with [TV ghases- Mean ratios between 1TV 466, and Patient No. Matching Index (M1)
ITV10phases @and between ITVyp and ITVygphases are 0.93+0.06 ITV3phases VS- ITViophases  [TViip VS. ITVi10phases
and 0.9210.05, respectively. There was no statistic 1 0.87 0.85
significant differences supported by p value between 2 0.80 0.74
mean ratios of ITVsphases t0 1TVigphases and between 1TV to
TV 0p1s (0=0.182) 3 0.94 0.90
4 0.91 0.92
Table 5 Ratio of internal target volumes (ITVs) for ITVspnases 5 0.92 0.87
and ITVMIP relative to the reference ITVigpnases- 6 0.90 0.82
Ratio of ITVs 7 0.95 0.96
Patient No.
ITV: phases / ITVaophases 1TV wip/ 1TV 10phases MeanSD 0.90+0.05 0.87+0.07
1 0.98 0.95 p=0.38
2 0.82 0.83
Dosimetric parameters of PTV and OARs
3 0.97 0.96 Dosimetric parameters are presented in Table 7.
4 0.91 0.92 PTV coverage was very closed for three ITV definitions.
5 0.92 0.91 Average D50 of PTVigphasess PTV3phases aNd PTVyyp Were 60 Gy.
6 0.92 0.90 The average V95 of PTVigphasess PTVaghases and PTV i Were
99.51%, 99.65% and 99.68%, respectively. Average V107
7 0.99 0.98 of PTVophasess PTV;phases and PTVyp Were 0.24%, 0.22% and
MeanzSD 0.93+0.06 0.92+0.05 0.23%, respectively. For dosimetric parameters of OARs,
p=0.182 only statistically significant difference was found in the

Matching index (M)
Table 6 shows Matching index (Ml) for ITVgpnases and

Ipsilateral lung dose (V20 and V30) of PTVy,, compared to
PTVigphases @5 shown in Table 8.

Table 7 Dosimetric parameters result of PTVs.

[TV relative to th(_e refer_ence [TVighases: M index presented Dosimetric PTV s PTVamoer PTVurr
good agreement with ratio of IT\( results that case rTumber parameter | (meanSD) (meanSD) (meanSD)
2 was the worst case for matching and vice versa in case Vo5 (%) 99512075 99 6510.65 99681062
number 7. From the data as shown in Table 6, the mean ? T T T
M1 Of ITV3phases and 1TV compared with 1TV gpnaces Were V107 (%) 0.24+0.40 0.22+0.40 0.23+0.39
Table 8 Dosimetric parameters result of OARs.
OARs Parameters PTV, a60s (3SD) | PTV, 10 (¥SD) | p value | PTV,,, (¥SD) | PTV, ... (¥SD) | p value
Ipsilateral lung V,o (%) 37.4648.55 38.0748.75 0.055 37.47+8.68 38.074+8.75 0.032
Vs, (%) 27.8148.10 28.24+8.17 0.053 27.53+8.05 28.24+8.17 0.008
Contralateral lung Vo (%) 8.88+9.44 8.98+9.47 0.087 8.83+9.21 8.98+9.47 0.569
Heart D,; (Gy) 4.88+6.50 4.93+6.42 0.280 4.59+5.98 4.9346.42 0.121
Esophagus D, ean (GY) 3.97+3.76 4.85+4.10 0.174 3.85+3.86 4.85+4.10 0.206
Spinal cord D,.. (Gy) 26.76+10.50 26.80+£10.72 0.923 26.36+10.65 26.80+£10.72 0.418
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Discussion

In lung cancer, respiration is the major cause of tumor
motion during treatment. Four-dimensional computed
tomography (4DCT) images were used to generate Internal
target volume (ITV), but the drawback is the time required
to delineate all sets of CT scans, the post processing tool of
Maximum intensity projection (MIP) and selected phases
of 4DCT datasets were used to delineate the ITV to solve
the drawback of time consuming. This study purpose to
compare volume of ITV and dosimetric parameters of
different target volume that were created by MIP images
and selected phases (3 phases) images compared with 10
phases images (standard method) in Non small cell lung
cancer (NSCLC).

This study found, that the ratios of ITV and Ml value
from ITVsphases and ITVMIP are similar to the value from
ITVigphases: The best case of smallest difference in volume
change that presented the ITV ratio and MI values near
ideal value was patient no.7. It was because of early stage
NSCLC with tumor locate at peripheral lung that relatived
to the study of Underberg RWM? and Muirhead R.® The
explanation about these ratios depend on position of the
tumor, if tumor locates in peripheral lung, it is liable to
distinguish the tumor from nearby organ. For locally
advance stage NSCLC (Case 1-6), ratios of ITV and MI
values from [TV, are not similar to the value from TV gpnases
because tumor locate adjacent to tissue of equal density
that resemble of CT number value such as mediastinum
and chest wall. Thus, on MIP image, boundaries between
tumor and nearby organ may not be clearly seen by observer.
This study can conclude that MIP method may not suitable
for creating an ITV in locally advance stage NSCLC patients
compared to the study of Ezhil et al.® Ezhil reported the
value of Ml decrease in patients who have locally advance
stage NSCLC that tumor involve to nearby organ such as
chest wall, diaphragm or mediastinum. About 3 phases
method, volume of ITV, ratios of ITV and matching (Ml)
value are similar to the value of ITVigpnases in both early
stage and locally advance stage NSCLC. Results represent
that movement of tumor in all patients in this study are
moving in straightforward superoinferior (Sl) direction and
tumor deformation during breathing are minimal.

For PTV coverage, no significant differences were observed
for PTVs that generating from three different ITV definitions
because of using the same dose constraints.

Limitation of this study was small sample size due to short
timing of study and small number of early stage NSCLC
patient. Future study should increase the sample size to
confirm the accuracy of study.

Conclusion

MIP images are reliable and fast tool for creating
ITVs from 4DCT images of early stage NSCLC patients.
However, it should be considered in case of tumor near
mediastinum or chest wall. The 3 phases images are reliable
for generating ITVs for all stage of NSCLC which tumor

moves straightforward superoinferior (SI) direction and
that tumor deformation during breathing are minimal. For
dosimetric parameters, there is no significant differences
observed for 3 PTVs that generating from three different
ITV definitions.
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