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Prevalence and individual risk factors associated with clinical
lumbar instability in minibus drivers with low back pain

Development of live-attenuated dengue vaccine
Waratip Boonraksa"*’, Rungthip Puntumetakul'”, Wantana Siritaratiwat"* and Wanida Donpunha'?

Abstract

Low back pain (LBP) is the most common musculoskeletal disorder in bus drivers. Lumbar
instability is one of the causes of LBP. Therefore, the current study aimed to investigate the prevalence
and risk factors associated with CLI in minibus drivers with LBP. This study design was a cross-sectional survey
on 236 minibus drivers, conducted in Sakon Nakhon province, Thailand. The 14 physical examinations
for lumbar instability containing sit to stand test, aberrant movement pattern test, Beighton’s
hypermobility scale, lumbar flexion test, total trunk extension, interspinous gap change test, posterior
shear test, prone instability test, painful catch sign test, passive accessory intervertebral motions test,
passive physiological intervertebral motions in trunk flexion test, passive physiological intervertebral
motions in trunk extension test, passive lumbar extension test, and average SLR test, were performed.
The method has used a questionnaire to answer of the risk factors associated. The prevalence of CLI
in minibus drivers found in this study was 75.42% (age 54+11 years). The result of this study shows a

significance of the drivers who had an exercise (p=0.034, p-value < 0.05).

Keywords: Minibus drivers, Prevalence, Lumbar instability, Physical examination, Low back pain
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Introduction

Prolonged driving can be one of various
causing factors of low back pain. The University
Kuala Lumpur Institute of Medical Science reported
a high prevalence of LBP at 74% in bus drivers™.
Prevalence of low back pain was also found to be
the most common symptoms (62.19%) in van
drivers in Hadyai, Songkhla province”. A minibus
driver is one type of vehicle drivers for public
transportation in rural areas of Thailand. The
minibus is defined as a car which allows
approximately 20 passengers sitting in 2 rows at
the back of the car and usually driven for within
40 kilometers distance from the center area”. The
minibus drivers usually spend more than 4 hours
driving per day as their either full or part time job.
The drivers are thus involved in the routine
muscular effort while driving, being in awkward
sitting postures, and exposing to whole-body

vibration®?

. The minibus drivers may have associated
individual factors for lumbar instability in term of
wok related activity factors“®. Therefore, low back
pain could be common musculoskeletal
symptoms in these drivers.

Lumbar instability can be one of mechanisms
happening in drivers with low back pain. Lumbar
instability is classified into two subgroups such as
clinical lumbar instability (CLI) and non-clinical
lumbar instability (NCL)”. Lumbar instability leads
to increase lumbar muscle pain, increase disability
of motion, and decrease quality of life”. Without
early detection and a proper treatment for lumbar
instability, the problems could turn to lumbar
spondylolisthesis or more severs pain in lumbar
region. Patients suffering from severe cases of
spondylolisthesis need high cost and consuming
time for rehabilitation. This could lead to poor

quality of life.

Radiographic film of lumbar spine is a gold
standard and reliable method for diagnosing
lumbar instability. However, radiography contains
some limitations in the aspect of accessibility, cost
and time consuming®. Several clinical objective
examinations are therefore applied to assess
lumbar instability comparing with flexion-extension
radiographic films®*?. Also, the researchers
invented the objective examination that can
early detect lumbar instability. The objective
examinations that researcher explore are about

diagnosis accuracy study”¥

, and reliability
study"*"”. The objective tests including sit to

stand?, PAIVMS™ PPIVMs in flexion?, PPIVMs in

(11 11)

extension™, Lumbar flexion'?, lumbar extension™”,

R" aberrant motion test"", posterior

average SL
shear test'”, Beighton hypermobility scale > 2
points™”, prone instability test"”, passive lumbar
extension test"?, instability catch sign™?, painful

2 apprehension sign tests"?, and

catch sign'
interspinous gap change during flexion-extension™”
were compared with flexion and extension
radiograph in order to gain the accuracy of the
diagnosis. The current study recruited 14 validity
clinical tests to perform in the research methodology.
The instability catch sign and apprehension are
excluded because the instability catch sign is one
component of the aberrant movement test and
the apprehension sign test is relative with the
subjective examination of the screening tool.
However, there was limited data on
prevalence of lumbar instability in minibus drivers
who have low back pain. Early detection of
lumbar instability would help to reduce severity
of low back pain and promote specific early
treatment as much as possible for the drivers with

low back pain. Therefore, the current study aimed

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 3



to investigate the prevalence and individual risk
factors associated with clinical lumbar instability

in minibus drivers with low back pain.

Material and Methods
1. Study design

This cross-sectional study was conducted
in Sakon Nakhon Province from April to July 2019.
The study was approved by the Ethics Committee
for Human Research at Khon Kaen University
(HE612373) based on the Declaration of Helsinki.

2. Participants

Minibus drivers living in Muang district,
Sakon Nakhon province were recruited as
participants and were asked to give informed
consent before participating in the study. Each
participant who voluntarily responded to the
announcements was interviewed and screened to
determine whether they meet the following
inclusion criteria: age from 20 to 80 years old,
driving at least 4 hours per day, having complaints
of sub-acute (from 6 to 12 weeks) to chronic low
back pain (at least 12 weeks), and level of back
pain ranges between 3-7 assessed by the visual
analog scale (VAS). They were excluded if they
had lumbar fracture, tumor, or infection, previous
lumbar fusion surgery, limitation or incapability to
actively move the spine in flexion and extension
directions by pain or muscle spasm, and serious
neurological diseases.

The sample size was calculated using the
low back pain proportion (p = 62.19%) of the bus
drivers from the previous study. Therefore, 0.62
was used to calculate the sample size in the
current study. The significant level was 0.05 (p-value
=0.05) (Zo/2 = 1.96) and precision of estimation

(e) was assigned as 10% of the proportion (e =
0.1x0.62). Accordingly, the sample size was taken

as 236 minibus drivers in the current study.

3. Diagnosis of CLI

The criteria for the diagnosis of the CLI was
used that at least five out of fourteen objective
examinations must be positive as a previous pilot
study in patients with clinical LBP comparing
between 14 examinations and radiography. The
characteristic of participants in the previous
studies were the participants aged between 20
- 60 years with prolonged sitting (Thiwaphon J et
al,, in press; Alisa L et al., in press). The 14
objective examinations used in the current study
consist of the sit to stand test’, aberrant movement
pattern test'', Beighton’s hypermobility scale',
lumbar flexion test', total trunk extension test',
interspinous gap change test", posterior shear
test'!, prone instability test', painful catch sign
test'?, passive accessory intervertebral motions
(PAIVMs) test', passive physiological intervertebral
motions (PPIVMs) in trunk flexion test', passive
physiological intervertebral motions (PPIVMs) in
trunk extension test™, passive lumbar extension
test'’, and average SLR test™.

The examiner in this study was a physical
therapist with 6 years clinical experiences that
practiced and performed the inter-rater reliability
of these tests with an expert who had over 20
years of clinical experience in musculoskeletal
disorders in 10 participants aged range 20 — 35
years. The order of the tests and participants were
randomized within the same environment during
30 minutes testing time. The percent agreement
of inter-raters and intra-rater were an 80-100

percent and 90-100 percent respectivesly.
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4. Statistical analysis

The prevalence of lumbar instability was
determined by frequency distributions. The
variable including body weight, body stature,
frequency, duration and distance of driving sever-
al days driving in a week and the number of hours

or distance to driving in a day was analyzed and

Table 1 The demographic characteristic of the 236 minibus drivers

presented with mean and standard (SD). Multivariate
logistic regression analyses were used to determine
the associations between individual factors or
work-related physical factors and LI condition.

A significant level was less than 0.05. All analyses

were carried out with the SPSS.

Characteristic n (%) Mean +SD Min-Max
BMI (ke/m”) <185 (thin) 6 (2.50%)
- 185-22 59 (25.0%)
(normal)
- 22123 51 (21.61%)
(overweight)
I 120 (50.85%)
(obesity)
Exercise -~ Never 127 (53.81%)
C Lweek 24 (10.17%)
. 2.3/week 32 (13.56%)
 s3/week 53 (22.46%)
Smoking - No 167 (70.76%)
 Yes 69 (29.24%)
Driving experience 22.10+15.30 1-61
Driving hour 1-2 hours 54 (22.88%)
_ 9.4 hours 107 (45.34%)
- > 4 hours 75 (31.78%)
Other jobs - No 90 (38.14%)
C Ves 146 (61.86%)

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020



Table 2 The independent variables of the minibus drivers who had CLI; chi-square analysis (association

between the prevalence of CLI with individual and occupational factors)

2
Variables Normal CLI X p-value
n % n %
Age (mean+SD) 55.91+12.10 53.69+11.13 - -
Sex
- female 0 0 15 100 5219  0.02*
- male 58 26.2 163 73.76
BMI (kg/m2)
- <18.5 (thin) 1 27.1 5 83.3 1.190 0.77
- 18.5-22 (normal) 16 16.7 43 72.9
- 22.1-23
10 19.6 41 80.4
(overweight)
- >23 (obesity) 31 25.8 89 74.2
Exercise
- Never 27 213 100 787 4694 019
- 1/week 5 20.8 19 79.2
- 2-3/week 7 219 25 78.1
- >3/week 19 35.8 34 64.2
Smoking
- No a1 24.6 126 75.4  0.000 0.99
- Yes 17 24.6 52 75.4
Working experience
(rmeanSD) 22.10+£15.30 18.75+£12.64 - -
Working hour
- 1-2 hours 13 24.1 41 759 1.471 0.49
- 2-4 hours 23 21.5 84 78.5
- >4 hours 22 29.3 53 70.7
Other job
- No 24 26.7 66 733 0.343 0.59
- Yes 34 23.3 112 6.7
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Table 3 Prevalence and adjusted odds ratio (ORadj) with 95% confidence intervals (95%Cl) of minibus
drivers with CLI

95% ClI
Variables OR,g; p-value
Lower Upper

Age 1.005 0.968 1.043 0.790
Sex

- Female 1.000

- Male 0.000 0.000 - 0.990
BMI

- 18.5-22 (normal) 1.000

- <18.5 (thin) 1.922 0.172 21.533 0.596

- 22.1-23 (overweight) 1.726 0.666 a.477 0.262

- >23 (obesity) 1.032 0.490 2172 0.934
Exercise
Frequency (time/week)

- Never 1.000

-1 0.965 0.320 291 0.950

- 23 0.984 0.362 2.677 0.975

- >3 0.43 0.197 0.936 0.034**
Smoking

- No 1.000

- Yes 1.117 0.542 2.299 0.765
Driving experience 0.990 0.962 1.019 0.479
Driving hour

- 12 1.000

- 24 1.047 0.458 2.393 0.913

- >4 0.599 0.250 1.439 0.252
Other jobs

- No 1.000

- Yes 1.022 0.529 1.973 0.949

Note: p-value <0.05
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Results
1. The demographic characteristics of the
participants

Table 1 presents the demographic
characteristic of all participants including the
individual and the work-related factors. Two
hundred and thirty-six minibus drivers with the
age range of 20 to 78 years and the mean age of
all participants was 54.2 + 11.4. Most of the
participants were male drivers (93.6%). Mean
driving experiences was 22.1+15.3 years. According
to the criteria of the current study, clinical lumbar
instability was found in 178 (75.42%) in minibus
drivers with low back pain. Table 2 shows details
between associated factors of minibus drivers and
clinical lumbar instability in this study. More than
half of the total participants were overweight.
Most of the participants were a smoker (70.76 %)
and never exercise (53.81 %). More than half of
the total participants who had another job with
driving. The results of multivariate logistic regression
revealed that only individual factor as exercise
habit (exercise more than 3 times per week) (OR
0.34, 95% Cl 0.197-0.936) was a preventive
associated factors with the occurrence of CLI in
minibus drivers with low back pain as shown in
Table 3.

DISCUSSION

This study investigated the prevalence,
individual risk factors and work-related risk factors
associated with clinical lumbar instability in minibus
drivers with low back pain. This study found that
prevalence of CLI was 75.42 percent. The
demographic characteristic of participants in the
current study such as BMI, frequency of driving,
exercise, and smoking of participants of the

current study were similar to the drivers who had

low back pain in the previous studies”?°. Previous
studies in rice farmers with low back pains with
lumbar instability'® showed that most participants
were female (13.11%) with the mean age of
44.20+9.51 years and the experience of farming
was 24.29+12.38 years. Fifteen point forty eight
percent of participants with clinical lumbar
instability are overweight. The study of health
problems was a high BMI of subjects. This, the
effect of high BMI can be an injury of spinal
loading while during lifting exertions".

Lumbar instability is one of the
causes of LBP which can be classified as mechanic
low back pain. Previous studies demonstrated that
the prevalence of lumbar instability was 12% to
62% in patients with low back pain® '® #1314 1
However, the prevalence of CLI was had not
presented specifically in minibus drivers or on a
specific occupation. Although Sae-jern at el®,, 2014
showed that the prevalence of low back pain in
van drivers was 62.19%, this study has not reported
the prevalence of lumbar instability in drivers. The
current study is the very first study reporting a
prevalence of CLI in minibus drivers who may have
a different mechanism of injury from other
occupations. Previous study of Puntumetakul'®
and co-workers reported of lumbar instability in
rice farmers at 13.11%, they however used only
three physical examinations to assess and used
at least two positive out of three tests as criteria
of the lumbar instability. The advantage of current
study used 14 tests to assess in participants with
clinical lumbar instability in minibus drivers. The
current study found clinical lumbar instability in
minibus drivers more than rice farmers may be all
physical examination to assess and detect in

passive and active subsystems.
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Fifteen point sixty nine percent of
participants with clinical lumbar instability are
smokers. The previous studies showed that
smoking was associated with LBP due to a
reduction of oxygen supply to discs”?"? and the
prevalence of low back pain found that with
smokers was 53.5%. Thus the demographic data
of participants in the current study were similar
to the participants of participants who have
lumbar instability and the participants in drivers
in the previous study in terms of sex, age, BMI,
and associated with working. This study showed
the prevalence of clinical lumbar instability was
163 males (73.76%), and 15 females (100%). The
prevalence of clinical lumbar instability in females
higher than males may be due to males being
stronger than females when they are working on
the same task Z. Also, the males have a muscle
fiber size of the elector spinae muscles is larger
than in females®. Some previous studies
demonstrated that females are at greater risk of
chronic LBP than males due to their anatomical
structure and hormonal effects® *,

The high prevalence of CLI leads to the
high risk of the complication of injury in the spine
and sitting a long time driving could reduce the
passive stabilizing subsystem in lumbar instability ™.
The previous study showed the drivers were
constrained to a very limited space behind the
wheel, where drivers had to assume driving
postures without too much backward inclination
to give more room for passengers. The additional
exposure to such biomechanical strains during
prolonged driving may explain and they found in
both crude and adjusted analyses a consistently
significant association between LBP and bending/

twisting activities while driving®. Total working

hours have been found related to the occurrence
of LBP due to the understanding of the effect of
prolonged sitting. It is believed that when the
drivers are passively sitting, the lumbar spine is
poorly supported and may expose to any sudden
injury’. It was also reported that postural stress is
an important risk factor in getting low back pain™.
Among the bus drivers, they usually maintain
awkward body posture for a long period during
their working hours include slumped sitting,
leaning on one side, bending and twisting *. In
theory, the erector spinae muscles remained
inactive and the muscle becomes stiff limiting the
trunk muscle movement and it may generate the
pain®. The positive responses of three objective
tests illustrate an impairment of the active
stabilizing subsystem, the passive stabilizing
subsystem, and the neural control subsystem.
First, the active stabilizing subsystem was provided
stabilizing the spinal column mechanical, a major
dynamic and static stabilization to generate
properly forces to support the lumbar motion
segments®’. Second, the passive stabilizing
includes the intervertebral discs, ligaments
(anterior longitudinal ligament, posterior longitudinal
ligament, ligamentum flavum, intertransverse
lisament, interspinous ligament, and supraspinous
licament), facets of the spinal column and
vertebrae” . Lastly, the neural control subsystem
is a component of nerves and the central nervous
system’. Although, the passive stabilizing subsystem
can support less than an active stabilizing subsystem
which plays a role in large-load carrying capacity
and supporting body weight and additional loads,
especially during trunk movements ', Therefore,
the minibus in this study may be a loss of the

passive stabilizing subsystem to work of three
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subsystems. Therefore, the minibus drivers were
forward trunk-bending triggers an anterior tilting
of the pelvis while driving, causing accumulative
stress on the passive stabilizing subsystem
surrounding the lumbar spine This may lead to
the imbalance of the passive stabilizing subsystem.

The examination for lumbar stability of
response positive of the highest in 236 minibus
drivers was PPIVM with flexion. Similarly, the
previous pilot study reporting of examination of
lumbar instability with non-radiological that PPIVM
test was the highest positive test among all14 tests
(Alisa L et al,, in press). Meanwhile, another
previous study of clinical lumbar instability
reporting the all of the physical examinations in
lumbar instability compared with the radiological
films that the highest was interspinous gap change
with during flexion and extension test (Thiwaphon
J et al, in press). The current study was in line
with Thiwaphons’ study that the interspinous gap
change during flexion and extension test was the
highest positive test. The current study included
participants both who had clinical lumbar

instability with non-radiological and those with
radiological films.

The high prevalence of lumbar instability
was also related to Ornwipa et al. Study of WBV
exposure in bus drivers™. The previous study
showed WBV is the one cause of low back pain
in bus drivers and maybe turn to lumbar instability
in the future if it does not protect **. The drivers
are involved in the routine muscular effort while
driving, awkward sitting postures, and espousing
to whole-body vibration (WBV). Likewise,
Okunribido et al. showed the result of the
combination of WBV and poor sitting posture is

the risk factor lead to pain on lumbar LBP in

drivers”. Also, the drivers have a high risk of
injury with them-selves. The lumbar instability
could turn to other injuries such as lumbar
spondylolisthesis and injury of spinal cord or back
muscles.

This study found that the prevalence of
who had little experience in minibus drivers had
higher CLI more than the drivers had a high
experience. This relates to the previous study that
showed younger drivers with LBP were significantly
at p=0.4739. Moreover, the current study was
presented of associated risk factors with clinical
lumbar instability in minibus drivers with low back
pain including sex, BMI, exercise, smoking, working
experience, work hours per day and who had
another job with CLI'in minibus drivers. The result
of this study shows a significant of the drivers who
had an exercise (p=0.034, p-value < 0.05).
Furthermore, the current study found the participants
who had exercised more than three times per
week could lower clinical lumbar instability than
those who did not regularly do exercise. Similarly,
in 2005, Koumantakis et al. show the benefit of
exercises as to improve the stabilization of spinal
muscles®. When multivariable logistic regression
was tested, the results revealed that only individual
factors as exercise habit (exercise more than
3 times per week) (OR 0.43, 95% Cl 0.197-0.936)
were a factor associated with the occurrence of
CLI'in minibus drivers with low back pain. Many
studies suggest the frequency and duration of the
interventions exercise were 2-5 times per week
are clouding increase improve muscle strength,
muscle power, and prevention of re-injury in a
patient with low back pain®. The previous studies
have shown that lumbar stabilization exercises

performed by chronic low-back pain patients are
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effective at reducing low-back pain intensity and
low back pain-related disability indexes, and this
study also found significant decreases in low-back
pain intensity and disability indexes (p<0.01) in
each of the four subgroups, confirming that
lumbar stabilization exercises are helpful for the
treatment of low-back pain. The lumbar instability
experimental group, that had higher levels of
limitation of the hip range of motion, showed
larger decreases than the lumbar stability sroup
(p<0.01). Also, many previous studies suggest the
result shows the therapeutic effects of exercise
(stretching and core stabilization) on pain intensity
of the instability catch sign, functional disability,
and trunk muscle activation patterns of patients
with clinical lumbar instability were wellness.
The exercise may enhance the ability of segmental
muscle in the lower back, reducing the pain
intensity of instability catch sign and improved
functional disability of patients with lumbar insta-
bility. Which, the instability catch sign is one of
the major problems of clinical lumbar instability
3% % It has been proposed that instability catch
sign is sudden sharp pain in mid-range of motion
during the return from the affixed trunk position''.
Thus, the previous study in exercise with core
stabilization exercise provides a significantly better
reduction of pain intensity®. Similarly, the previous
study show exercise could improve muscle
strength and performance in who had exercised.
Also, who had not to exercise cloud be making
dysfunction of an active and passive subsystem
of lumbar instability. Also, general exercises could
improvement of excessive lumbar vertebrae
translation and rotation and a general exercise
program could reduce disability in patients with

recurrent low back pain®.

Conclusion

According to the result, the current study
demonstrated that minibus drivers with low back
pain had a prevalence of clinical lumbar instability
up to 75.42 percent. This means CLI is an important
problem in low back pain. The current study also
showed that an exercise habit (exercise more than
3 times per week) was a significantly associated
factor with lumbar instability. The diagnosis of CLI
in minibus drivers seems to very important to the
physiotherapist in order to be able to detect CLI
in an early stage. Furthermore, regular exercise in
minibus driver would be one of a choice to
prevent them from clinical lumbar instability

condition.

Research limitation

The current study did not use radiography
to diagnose clinical lumbar instability; further
study should request the participants to undertake
radiography to confirm a diagnosis of clinical
lumbar instability. The participants in the current
study were widely age range, therefore future
studies should recruits minibus drivers in each age
group to confirm whether age has an associated

factor in clinical lumbar instability.
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An immediate effects of an intervention program
“segmental trunk control intervention with the pelvic and lower

limbs exercises” in children with inadequate trunk control
Noppharath Sangkarit"and Weerasak Tapanya'

Abstract

Background: Segmental trunk control intervention with the pelvic and lower limbs exercises is the
effectiveness of physical therapy options for whom inadequate trunk control. Especially in children who
has delayed development such as cerebral palsy (CP), Down syndrome and Autism. Objective: The aim
of this study was to research the effect of an intervention program “segmental trunk control intervention
with the pelvic and lower limbs exercises” on segmental trunk control and functional balance skills
with inadequate trunk control Method: 21 children aged 5-14 years (15 boys, 6 girls) were received the
same tested and intervention program. The Segmental Assessment of trunk control (SATCo) was used
to evaluate trunk control. The Pediatric Balance Scale (PBS) was used to evaluate functional balance
skills. Results: The result showed that both the SATCo and the PBS scores were statistically significant
improvement after received intervention program. The SATCo showed statistically significant improvement of
the total SATCo score, active control and reactive control scores after a single intervention
(p < 0.05). In the PBS showed statistically significant improvement of the total PBS Score, sitting to
standing, p < 0.05 standing to sitting, standing with one foot in front (p < 0.05). Conclusions: An immediate
effects of an intervention program “segmental trunk control intervention with the pelvic and lower
limbsexercises” had a beneficial effect on trunk control and functional balance skills in children with

inadequate trunk control.

Keywords: Segmental trunk control, Functional balance skills, Children with inadequate trunk control
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JUN 2 wansmsuszdiunsmuaunsinuresndauieadwuududidunendilag SATCo luanie static

control (A), active control (B) wa reactive control (C)

5. msUsziliunaunaznadlasulusunsuiiin

5.1 funeun1susidiu SATCo fiduasveli
aranadasufiumdg dufunisnsiausedu
Mntuagldsunismaanunisauguafluyings
Fausznoudenismaaau 7 sedu Tnesadudausiom
lndlengsdin wazdusziiiuazlideuszassdin
oanasinsRauRsTRUT 1 uaranassyiunisUsznesas
flazseiu aulsszduil 7 fie UsesBaszuuuhivszaas
yi3osiuTdnliansnsavsahimssoglé fe 1) cenvical
2) upper thoracic 3) mid thoracic 4) lower thoracic
5) upper lumbar 6) lower lumbar 7) full trunk
FamsUsuliuusazsziuazdsynaudneg 3 Snvass fall
static f{3TudunnniITmseiivesenaaiasyazls
Nauuhaansdne 5 3unit active §ifedunn
nsnssiveteaasinsuaeTuAsee lumadheuay
U1 kA reactive FITEAUNANITVTIIVRIDIANATAT
Yuranazld Sunsandniung fasfianie v
n3EAN manubrium ﬂﬁx@ﬂﬂaﬁﬁuﬁ 7 ey acromion
process Migosdne Fauanslu gﬂ‘if’i 2 ANATLULLAL
Y93 SATCo AB 20 AzwuU MNNEAs TAIUANYTHl
maanwamuamé’mﬁaﬁwﬁa

5.2 SupeunsUszidiu PBS faviua 14 Fate
fszsunsidazuuudoud 0 9 4 Avuuy ATy
ANUALTOTOUAN ANAZLUUTIU PBS AB 56 AzLUL
Aalanslu gﬂﬁ 3 MIneaauUsznaume 1. sitting to
standing 2. standing to sitting 3. transfers 4. standing
unsupported 5. sitting unsupported 6. standing
with eye closed 7. standing with feet together

8. standing with one foot in front 9. standing on
one leg 10. turning 360 degrees 11. turning to look
behind left & right shoulders while standing still
12. retrieving object from floor from a standing
position 13. placing alternate foot on stool 14.
reaching forward with outstretched arm #&331n
oanasinsnnauldsuTusunsumstaiduiGeutes
wdatu inynauszgnussfiugnnnely 10 wi

b4

TJunaunsuseiiiutl fuszidiugnunlaainnisiug

Y

syAuTadlUsNIUNMSUNTR (blinded assessor) eanasias

SUN 3 wanan15UseLiiuauaIun s lunIsneevin
1n8 PBS Inauansiiogan1svngeu 1 Wite
PNNMUA 14 KU Aw Vof 1 sitting to

standing

HANTIIAIUANAIRIUUULENHIULAZANEINTA LY
TN NBU - had lasulusunsutniae
dlewSsudiunavesnslaulusunsuiing
NOULAENAY NUIMAINITII5ulUsHAsUUIUR
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WENEIU AGLEATLU A19199 3 LATANAINNTDIUATS

o w

N3 fanansly as1eil 4 ATuegeiiduddy
NA0R

HaN15AIUANAIFILULLENEIUlAY SATCo
nou-nae Lsulusinsuuiinm wuansuys total
SATCo score, active score Way reactive score
finnuuansnsegaituddymeadaiisedu pvalue
< 0.001, p-value = 0.041 wag p-value < 0.001

M19199 2 AasdnwagnIluveseaadiag (n=21)

mudITU Fauandlu a1519T 3 dauauanunseluns
n39lag PBS neau-nad losulusunsutntne wuin
#LUs total PBS score, sitting to standing, standing
to sitting, standing with one foot in front A7
wand1eg1adveddFyn1sadffisedu p-value =
0.036, p-value = 0.035, p-value = 0.007 Wag

p-value = 0.045 MUAAU ARty 5199 4

Characteristic n Minimum Maximum
Chronological age (Mean + SD) U 8.9+3.1 5.0 14.0
Gender
-Male 15
-Female 6
Weight (Mean + SD) kg. 37.0+13.0 15.00 57.0
Height (Mean + SD) cm. 132.9+16.9 104.0 163.0
BMI (kg/m?) 20.4+3.9 138 27.2
Type of disability
-Down Syndrome 8
-Autistic 9
-CP
®  Spastic Diplegia (GMFCS level 1) 1
®  Spastic Hemiplegia (GMFCS level II) 2
MR 1
A51971 3 wanawan1sUANATLUUend Ay SATCo Aeu-daldiulusunsunsiitam
Faudsiidnen
SATCo foUN155NEI AauUNIS3NEN #AINITINE #AINITINE p-value
Andlsegnu AfidasEndng Andlsegnu AfdasEnIng
aelna aelna
Total SATCo Score 14.0 (9.5-18.5) 20.0 (18.5-20.0) 0.000*
Static 7.0 (7.0-7.0) 7.0 (7.0-7.0) 0.180
Active 7.0 (2.5-7.0) 7.0 (7.0-7.0) 0.041*
Reactive 1.0 (0.0-4.0) 6.0 (5.0-6.0) 0.000*

JoyauaniAisegu uazAfideseninsenelnd lae dydnual * vunedls danuuanesegeldudfyniatdnsgdu p-value < 0.05
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A5 4 LAAINAAINNAINITOIUNITNTIVINAE PBS nau-nadlasulusinsunisuidne

Fauvsiidnu
PBS founIs flauN1SSNEI WAINTS waINNTSNEYT  p-value
Fawn ATNHEIININ Fawn AN TZNINS
AdisEgIY adlna AdisegIY Avalna
Total PBS Score 43.0 (39-48.5) 48.0 (39.0-52.0) 0.036*
1.Sitting to standing 4.0 (3.0-4.0) 4.0 (4.0-4.0) 0.035*
2.Standing to sitting 4.0 (3.0-4.0) 4.0 (4.0-4.0) 0.007*
3.Transfers 3.0 (3.0-3.5) 4.0 (3.0-4.0) 0.097
4.Standing unsupported 4.0 (3.0-4.0) 4.0 (4.0-4.0) 0.666
5.Sitting unsupported 4.0 (4.0-4.0) 4.0 (4.0-4.0) 0.671
6.Standing with eyes closed 4.0 (3.0-4.0) 4.0 (3.0-4.0) 0.683
7.Standing with feet together 4.0 (2.0-4.0) 4.0 (2.0-4.0) 0.668
8.Standing with one foot in front 1.0 (0.0-1.5) 1.0 (1.0-3.0) 0.045*
9.Standing on one foot 1.0 (0.5-2.5) 2.0 (0.5-3.0) 0.490
10.Turning 360 degrees 4.0 (1.0-4.0) 4.0 (1.0-4.0) 0.598
11.Turning to look behind 4.0 (2.0-4.0) 4.0 (3.0-4.0) 0.453
12.Retrieving object from floor 4.0 (3.0-4.0) a.0 (3.0-4.0) 0.414
13.Placing alternate foot on stool 4.0 (2.0-4.0) 4.0 (2.0-4.0) 0.160
14.Reaching forward with outstretched arm 3.0 (3.0-4.0) 3.0 (3.0-4.0) 0.130

JoyauaniAdisegu wavAidesznienieing ey dydnval * el dauuandvegrdiduddyniseda

o

aAUsIwNaNISANYN
ATALLUUNITAIVANGIAILUULENE U
a8 SATCo %198 total SATCo score, active control
score Wag reactive control score La¥AIAZILLUAINL
anunsalun1snsin lae PBS e total PBS score,
standing with one foot in front score Atuogadl
HodAgy et nendeaineanalaslasulusunsy
t1ne Wusveviaan 30 Wil msdnwiEuenan
AroRNLULYIIMINTEAUNMTAdoulmvesddLas
nszgniansulvidnuE AT Iz AUsTAUNIAURN
drivetonanatnsiinNUNNT 0 IuANANIT LAY
falgrmualiszfunrvesmaiadeulvniiena
fviritu Ao 84 ada dowfl Funsgrudame fians
arvesnsiadeulmasiianernudediou
fumsAnwdu 9 iasdusaivilvnisaunund
deguuunendiuuarauaansalunsmsaing
Funmelussesdu Wuiivhauleognedaimdmnidn
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fiseéiu p-value < 0.05

Sulusunsun1sunUng AIAZLULYBY reactive SATCo
ailusgiufigann Pin wazanlul 20187 s1g91u
HaANAZLLLTEY reactive SATCO figeluagnabiaean
azdowrniniiauanunsalunsiedoulniluviig
IMBoy waneana1NALEINITANTIVINGUL
Tunwadnsslduazluvazideduiiinisndeulm
YosdFInTose A fivaInuatefianie wazilaay
Fudauuiniu uenandidesieauinluninii
ﬁ@ummiﬂﬂaa31/?1’@1141msmuaué’wﬁﬂwm&%mq
Afifian1ean1sWauIRUY cephalo-caudal lay
reactive SATCo %Lﬁuﬂ’wmmﬂuﬁwﬁwﬁ”’u@@ﬁw
voufindili reactive SATCo getuagrailiiuddny
dlefloutiu static waz active SATCo agnslsfiny
static SATCo Wwag PBS #1d@ transfers, standing
unsupported, standing on one foot, turning 360
degrees, turning to look behind, retrieving object

from floor, placing alternate foot on stool Wag
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reaching forward with outstretched arm lainu
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mmﬂﬁauuﬂawmqm@uﬂdwLLazf\;m@ua‘ﬂaNma
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Wintsidnsedoulmvesdoss danaligsulusunsy
U100 a11130AUANS1NNY du Aswe a1 lvinsey
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Usz@n8010 @9nAReINUATISANYITDY SNVILAY
aouy Tud 201499 fidnwiAud1150909013
waeulmndauiiledalnaludniifanesumnaues
Tugundslasvormurvalazoudnsians wuInain
fifinnzmunundutlediunnseddiunisnsedu
nevinuresngundsiiledauniuaudiiaiigniios
finuisy wasiirnsweansiadoulmiivainvane
ifiunmraugauarnAuldfnIngu it uih
fl39 aenAdeaiun1s@nywes Bordoloi and Sharma
Tud 20129 a3ure3niniilaSunisdaasunis
wAoulnanazn1smswinaun1sinnisiadeulnn
TULUILAUNANIEIR I8 LLASUANEAINYBINT
wwaeulmngrailesalagluvindsldfduegedl
HodAgyn1eaatn faths Waunnisvesnseaouln
TufiAdesdinisaruauddaifiiiosne Aagsinlidin
wansnsvssvinvianss Tegluuunfs idusoussli
dasvedlanlduwaziiieldunsinszriarnaisuen
fanunsanseineglilaeusaannsgeydanismseii
pg19lsAmy lunuauuana19eg 19l

odAgynaelasulusunsuuidng ves static SATCo

FanuUIANUE1LSa U VB If I NUUTEBINS

2

oglusziuiidegrounds Weldsulusunsutitne
a'amaiﬁlzjﬁmnﬂ?isuuﬂam’ammmimaamsmuqm
amuuuludduuendiu static SATCo melunse
fi3enin wasrindgean (ceiling effect) Jaaanndos
fumsdneves Pin wazae Tud 20192 fivgeudiou
nsmuanaisuududdusendlaednussey
817 TENTNNIINAFDAATUATNUALAENITNAADA
ABUAIMUA WU active SATCo Lag reactive SATCo
Guaqmiﬂﬁ'aamﬂq’mzﬁﬂ’mﬂ?iwuﬂaammm"]
WUU static SATCo ionanideuly fuiuszezen
nsiaBuLUA static SATCo Tonavsifisduldmnil
nsnsedumImuaundiladiay Tussezend uay
Ussiiuluenanadnsiifissiuaasuuy static SATCo
@QTUiBﬁUG?’]
Tuvassdldnuauuanaisegedidedfey
naslasulusunsuiing wes transfers, standing
unsupported, sitting unsupported, standing with
eyes closed, standing with feet together, standing
on one foot, turning 360 degrees, turning to look
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UNANED

nsenwUsEanENMRRIsaTIamdeYalsauandendaes Xpert MTB/RIF G4, Xpert MTB/RIF
Ultra wazisdeondiafiosalas annsegnidsdmseamilodunds YDUNAIIINAIUANE) VBITNNEY VLU
PINNTHUNNZOIMNT VLB WazTuLieanseutdes 95 fegns extrapulmonary §unsmageumideTadse
FeTimstiendgdnuarvondeniglindesgansimivasn1mmmade s Xpert MTB/RIF G4 uay 31 fogng
dmsunitadefendeqanismivasnsnsiadeds Xpert MTB/RIF Ultra doiFeudisulngldmanside
Falsadudsuasgrunuindiaubuazaudniziovas 66.67, 98.80 uazdopaz 75.00, 96.30 AUAGU
nuamsAneiluadel MIns19daes Xpert MTB/RIF Ultra fiwanntuan flmnallannnninda Xpert MTB/RIF
G4 warannspidenelindesanssatandiegnsidammauenien

AEn uzy: adlsm, Xpert Ultra, Xpert G4

NUIATVINIRATN nquImAliANTLNTE TsaneIuiavays
*HFulingouUNAIY
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Utilization of Xpert MTB/RIF assay in tertiary care hospital:

Diagnostic accuracy of extrapulmonary tuberculosis specimens
Wacharee Charoonwach*

Abstract

The performance of the Xpert MTB/RIF G4, the Xpert MTB/RIF Ultra and the AFB smear
microscopy in detecting TB in extrapulmonary specimens from cerebrospinal fluid (CSF), body fluid,
gastric content pus and lymphnode tissue and were submitted to laboratory for Mycobacteria diagnosis
evaluated. Each sample from 95 of extrapulmonary specimens was divided for diagnosis using microscopy
and Xpert MTB/RIF G4 assays, and each sample from 31 of extrapulmonary specimens was divided for
diagnosis using microscopy and Xpert MTB/RIF Ultra assays; these were all comparatively evaluated,
using the TB culture as a gold standard. For extrapulmonary specimen, the sensitivity and specificity were
respectively: 66.67%, 98.80%, and 75.00, 96.30%. This result show that the new and improved Xpert

MTB/RIF Ultra assay was more sensitive than GeneXpert G4 and AFB smear in extrapulmonary specimens.

Keywords: Tuberculosis, Xpert Ultra, Xpert G4

Clinical Microbiology laboratory, Chonburi Hospital

*Corresponding author: (e-mail: kaknaja@yahoo.com)
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15197 1 General characteristic of sample in smear, culture, Xpert G4

Smear result CSF fluid gastric pus tissue Total
content

positive 0 0 0 2 1 3

negative 35 26 15 11 5 92

total 35 26 15 13 6 95

Culture result

positive 2 2 0 4 1 9

negative 33 24 15 9 5 86

total 35 26 15 13 6 95

Xpert G4 result

Positive (TB detected) 2 3 0 6 1 12

Negative (TB not detect) 33 23 15 7 5 83

total 35 26 15 13 6 95
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A15197 2 The performance of smear, Xpert G4 compare to culture

Sample CSF Fluid
Parameter Smear Xpert G4 Smear Xpert G4
True Positive 0 1 0 2
True Negative 33 32 24 23
False Positive 2 1 2 0
False Negative 0 1 0 1
Total 35 35 26 26
Sensitivity (CI),% | 0 50.00(1.26-98.74) 0 66.67(9.43-99.16)

Specificity (CI),% | 94.29(80.84-99.30) 96.97(84.2499.92) 92.31(74.87-99.05) | 100.00(85.18-100.00)

PPV (C1),% 0 50.00(8.50-91.50) 0 100.00

NPV (C),% 100.00 96.97(88.88-99.23) 100.00 95.83(82.28-99.13)
Sample Gastric content Pus

Parameter Smear Xpert G4 Smear Xpert G4

True Positive 0 0 1 4

True Negative 15 15 8 8

False Positive 0 0 3 0

False Negative 0 0 1 1

Total 15 15 13 13

Sensitivity (CI),% | 0 0 50.00(1.26-98.74) 50.00(1.26-98.74)

Specificity (CI),% | 100(78.20-100.00) 100.00(78.20-100.00) | 72.73(39.03-93.98) | 72.73(39.03-93.98)

PPV (CI),% 0 0 25.00(5.80-64.34) 25.00(5.80-64.34)

NPV (CI),% 100.00 100.00 88.89(65.63-97.10) | 88.89(65.63-97.10)
Sample Tissue Total sample

Parameter Smear Xpert G4 Smear Xpert G4

True Positive 1 1 2 8

True Negative 5 5 85 82

False Positive 0 0 7 1

False Negative 0 0 1 4

Total 6 6 95 95

Sensitivity (C1),%

100.00(2.50-100.00)

100.00(2.50-100.00)

66.67(9.43-99.16)

66.67(34.89-90.08)

Specificity (CI),% | 100.00(47.82-100.00) | 100.00(47.82-100.00) | 92.39(84.95-96.89) | 98.80(93.47-99.97)
PPV (CI),% 100.00 100.00 22.22(8.92-45.47) 88.89(52.26-98.32)
NPV (C),% 100.00 100.00 98.84(94.49-99.76) | 95.35(90.20-97.86)

PPV: positive predictive value; NPV: negative predictive value; *: 95% confidence interval
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5197 3 General characteristic of sample in smear, culture, Xpert Ultra

gastric Total

Smear result CSF fluid pus tissue

content sample
positive 0 0 0 0 0
negative 13 a4 3 3 31
total 13 4 3 3 31
Culture result
positive 0 0 0 2 a4
negative 13 a4 3 1 27
total 13 4 3 3 31
Xpert Ultra result
positive (TB detected) 0 0 1 2 4
negative (TB not detect) 13 4 2 1 27
total 13 4 3 3 31
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AN5197 4 The performance of smear, Xpert Ultra compare to culture

Sample CSF Fluid
Parameter Smear Xpert Ultra Smear Xpert Ultra
True Positive 0 0 0 1
True Negative 13 13 6 6
False Positive 0 0 2 1
False Negative 0 0 0 0
Total 13 13 8 8
Sensitivity (C1),% 0 0 0 100.00(2.5-100.00)
Specificity (CI),% 100.00(75.29-100.00) | 100.00(75.29-100.00) | 75.00(34.91-96.81) 85.71(42.13-99.64)
PPV (C1),% 0 0 0 50.00(14.01-85.99)
NPV (CI),% 100.00 100.00 100 100.00
Sample Gastric content Pus
Parameter Smear Xpert Ultra Smear Xpert Ultra
True Positive 0 0 0 0
True Negative 4 4 3 2
False Positive 0 0 0 0
False Negative 0 0 0 1
Total 4 4 3 3
Sensitivity (C1),% 0 0 0 0.00(0.00-97.50)
Specificity (CI),% 100.00(39.76-100.00) | 100.00(39.76-100.00) | 100.00(29.24-100.00) | 100.00(15.81-100.00)
PPV (CD),% 0 0 0 0
NPV (CI),% 100.00 100.00 100.00 66.67(66.67-66.67)
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AN5197 4 The performance of smear, Xpert Ultra compare to culture (cont.)

Sample Tissue Total sample

Parameter Smear Xpert Ultra Smear Xpert Ultra

True Positive 0 2 0 3

True Negative 1 1 27 26

False Positive 2 0 4 1

False Negative 0 0 0 1

Total 3 3 31 31

Sensitivity (Cl),% 0 100.00(15.81-100.00) | O 75.00(19.14-99.37

Specificity (C1),% 33.33(0.84-90.57) 100.00(2.50-100.00) 87.10(70.17-96.37) 96.30(81.03-99.91)

PPV (C1),% 0 100.00 0 75.00(28.78-95.70)

NPV (C1),% 100.00 100.00 100.00 96.30(82.62-99.30)
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The immediate effect of Rungthip (RT) technique on lower limb

neurodynamic in healthy young adults
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Ploypiti Panthu®, Torkamol Hunsawong"® and Rungthip Puntumetakul"”

Abstract

This study aimed to determine the immediate effects of Rungthip (RT) technique on lower
limb neurodynamic and changing of the hip flexion angle while the knee was straight in supine position
that using the Straight Leg Raise (SLR) method. Sixty-six healthy participants were randomly allocated
into two groups: RT technique group (n = 33) that received RT technique massage for 5 minutes and
control group (n = 33) that received resting in supine for 5 minutes. The nerve tension was measured
by the degree of SLR angle before and after procedure in both groups. The results found that RT
technique group had starting tightness angle (P1) as 52.85 + 17.79 degrees and maximum tightness
angle (PZ) as 70.98 + 18.90 degrees which was significant increased (p < 0.05, effect size of P =1.27and
P = 1.11) when compared with pre-treated that had P asd4.72 +17.03 degrees and P as64.12+ 1851
degree. When compared between groups, it found that the RT technique group had higher degree of
SLR than control group significantly (p < 0.05, effect size of P =052andP = 0.67). In conclusion, the

RT technique could decrease lower limb nerve tension in healthy adults.

Keywords: Massage, RT technique, Neurodynamic
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Correlation between chest wall expansion and strength

in typically developing children

Chalida Chongkunpon ', Raweewan Lekskulchai ** and Peemongkon Wattananon’

Abstract

Respiratory problems in children could hinder motor competency. Early detection of respira-
tory problems is important. The simple 2D camera system (2DCS) can be used to measure chest wall
expansion representing respiratory function. However, this system needs to be validated prior to data
collection. Evidences also suggest chest wall expansion could be potentially used to represent muscle
strength. However, the correlation between chest wall expansion and muscle strength has not been
well established. Therefore, this study aimed to determine the concurrent validity of the 2DCS using
the electromagnetic tracking system (EMT) as a reference standard for measuring chest wall expansion,
and to investigate the correlation between chest wall expansion and strength in typically developing
children. Forty-seven children (age 10.9+1.11 years) attending primary schools were recruited. The 2DCS
and the EMT were used to simultaneously measure chest wall expansion. These data were used to
determine concurrent validity of the 2DCS. A hand-held dynamometer was used to measure grip strength
that represents upper limb strength, while strength subtest of Bruininks-Oseretsky Test of Motor Profi-
ciency second edition (BOT-2) was used to evaluate overall strength. These strength data were further
used to determine the correlation between chest wall expansion and strength. Results demonstrated
good to excellent agreements between two instruments (ICCZ3 = 0.80-0.94) indicating concurrent valid-
ity of the 2DCS. Additionally, significant positive correlations (p < 0.05) were found between chest wall
expansion and strength. Validity result suggests that the 2DCS can be used to measure chest wall ex-
pansion. Correlation between chest wall expansion and strength indicates that we can used chest wall
expansion to partially estimate the strength in typically developing children. On the other hands, strength

screening could be used identify children who might have a respiratory problem.

Keywords: Typically developing children, Correlation, Concurrent validity, Chest wall expansion, Grip
strength
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Introduction

In children, respiratory problems are the
common illnesses that could result in hospitalization
and mortality"”. The prevalence of respiratory
diseases in children is considerably increasing each
year, which can impact on their quality of life®.
Respiratory problems can also impact on their
gross and fine motor functions leading to
impairments in motor competencem. Poor motor
competence can cause inactive lifestyle, and
could further cause other health problems in
childhood®.

Muscle strength is an important component
in physical fitness that helps children to achieve
gross motor functions and relates to gross motor
skills in adolescents®. Muscle strength could
involve in other body system, such as
respiratory system. One study has demonstrated
the association between muscle strength and
pulmonary function in typically developing
children®. However, pulmonary function measure-
ment in this previous study required children’s
understanding about procedure of spirometry and
maximal breathing without coughing'”, which
could be too difficult to implement in the
primary school children.

Clinically, pulmonary function in healthy
individuals can be indirectly measured by
measuring chest wall expansion. The definition of
chest wall expansion is the range of motion of the
thorax which comprised of the thoracic vertebrae,
sternum and ribs that involved in the respiration®.
Greater chest wall expansion could represent
better pulmonary function®”. Based upon the
relationship between muscle strength and
pulmonary function, the relationship between

muscle strength and chest wall expansion should

be present as well. Measurement of chest wall
expansion can be used to detect the baseline
status of respiratory function and follow up the
effect of intervention to enhance respiratory
function™.

Several noninvasive instruments can be
used to evaluate chest wall and abdominal wall
motions for estimating lung volumes"*?.
The electromagnetic tracking device (EMT) is one
of the non-invasive instruments used to precisely
measure the difference of chest wall area
between inspiration and expiration"?. Nevertheless,
the instrument is expensive and require highly
experienced examiners to operate the instrument.
Thus, it may not be suitable for using in clinical
practice"”. Although a simple tape measurement
is commonly used to evaluate chest wall expansion
in clinical practice, the appropriateness has been

14-17

questioned in various studies"**”. Accordingly, the
development of a simple instrument with
acceptable validity and reliability is necessary.

A simple 2D camera system (2DCS) is
widely used to investigate human movement in
clinical research because it is portable, easy to
use, inexpensive, and able to provide visual
feedback and re-assessment. One study
demonstrated that this system can be used to
measure chest wall expansion in adults"?.
Therefore, the 2DCS could be alternately used to
measure chest wall expansion in typically
developing children. However, this system should
be validated prior to investigate the relationship
between muscle strength and chest wall
expansion. Therefore, the present study aimed to
1) determine a concurrent validity of the 2DCS
using the EMT as a reference standard, and

2) investigate correlation between chest wall
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expansion and strength by using the 2DCS.
Researcher hypothesized that the concurrent
validity of the 2DCS would be acceptable, and
there would be an association between chest wall

expansion and muscle strength.

Materials and Methods
1. Participants

Forty-seven typically developing children
(25 boys, 22 girls), whose parents were willing to
let their children participating in the present study,
were recruited from primary schools. Based on
sample size calculation, ten children were
required to obtain the correlation coefficient of
0.7% at confidence level of 0.05 and 80% power
to determine a concurrent validity, while a total
sample of 47 children was needed to detect

%19 hetween chest

correlation coefficient of 0.4"
wall expansion and strength at confidence level
of 0.05 and 80% power. Therefore, the total
number of required sample size for this study was
47 in which a subset of 10 children was used to
determine the concurrent validity. The inclusion
criteria included age between 9 and 12 years,
studying in age-appropriate class in typical
schools, ability to understand and follow verbal
instructions and participation in regular classroom
activities. The exclusion criteria included metal
implantation, serious medical health conditions,
physical anomalies, joint contracture, severe
congenital disorder, a recent surgery or fracture
(within the last 12 months), hearing or visual
problems that could not be fixed with external
devices, a history of spinal cord or brain injury,
a history of structural deformities of the spine or
ribcage, and chest wall abnormalities. The children

and their parents were asked to sign an informed

consent form prior to data collection process. The
study protocol was approved by the Ethic
Committee of Mahidol University Institutional
Review Board (MU-CIRB 2016/078.2405).

2. Instruments and measures

This study used the 2DCS (JVC video
camera model: Everio GZ-MG645) with a custom
Matlab program (MATLAB R2010a) to measure
chest wall expansion. The frame rate was set at
25 frames/second and the resolution was
1080x1920 pixels. Two cameras were set at 0.85
meters height and 1.4 meters away from children
in anterior and right-lateral directions. To
determine concurrent validity of this system, the
EMT (3D Guidance trakSTAR, Ascension Technology
Corp.) with MotionMonitor software, (Innsport, Inc.)
was used to simultaneously record chest wall
expansion at 100 Hz. The EMT was used in this
study because it is valid and reliable"*?".
Furthermore, EMT was used to measure chest wall
movement in previous study?.

For strength assessments, upper limb
strength was evaluated by using grip strength
dynamometer (TKK Model 5401; Takei, Japan) in
kilograms. Grip strength could be used to measure
hand and forearm muscular force which indicates
upper limb strength. Moreover, the functional
integrity of upper extremity could be presented
by grip strength measurement®. Strength subtest
of the Bruininks-Oseretsky test of motor proficiency,
second edition (BOT-2) was used to evaluate
trunk, upper and lower body strength in children
4-21 years old. Previous studies used strength
subtest of BOT-2 to measure muscle strength in
children®. The intra-and inter-rater reliability of

this subtest were 0.99 and 0.95, respectively.
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Strength subtest consists of 5 items including
1) standing long jump, recording the distance in
inches, 2) knee push-ups, 3) sit-ups counting
correctly number in 30 seconds, 4) wall sit, and
5) V-up recording the highest time in 60 seconds.
Scores from each item are summed up to obtain
total point score. The maximum total point score
is 42. Total point scores are converted to scale
score for interpretation by comparing with the
norm score of child at the same age. Scale score
was interpreted in 5 groups 1) well-above average
(25 scores or greater), 2) above average (20-24
scores), 3) average (11-19 scores), 4) below average
(6-10 scores), and 5) well-below average (5 scores

or less)?.

3. Procedure

Children were taken to the laboratory
room with private environment. Boys were asked
to unclothe from the waist up, while girls were
asked to wear a sport bra. Children were required
to sit in a chair for body landmark identification.
Body landmarks identification in each point had
been assessed by an expert in pediatric physical
therapy, yielding ranged from 80% to 100%
accuracy. Sensors of the EMT and the 2DCS were
attached on the same body landmarks in frontal
and sagittal planes illustrated in Figure 1A and 1B,
respectively for the first 10 children to determine
concurrent validity of the 2DCS. The data from
remaining children were obtained by the 2DCS
alone.

Prior to data collection, a LED light was
attached on the right shoulder to provide event
trigger for the 2DCS. After setting up the event
trigger, the researcher instructed and demonstrated
the breathing method to familiarize children with

testing procedure. This process aimed to minimize

intra-subject variability. Children were asked to sit
with their back straight on the chair, place both
hands on their hips and look straight ahead for
practice trials. They were given a verbal instruction
to breathe in and breathe out for 2 cycles, and
then after starting the third cycle, the researcher
gave another verbal instruction to “breathe out
maximally and breathe in maximally”. Children
were required to practice the breathing method
until they performed it correctly.

During data collection, children were
asked to perform this maximal breathing for 3
consecutive cycles. The event trigger was pressed
before full expiration and released after full
inspiration in each cycle in frontal and sagittal
planes. Children were allowed to rest for one
minute between breathing cycles. Chest wall
expansion from those 3 consecutive breathing
cycles were concurrently recorded using the 2DCS
and the EMT. Time points from maximum
expiration to maximum inspiration were identified.
The difference between these two time points
represents chest wall expansion. Average scores
across 3 breathing cycles were used for data anal-
ysis to determine concurrent validity of the 2DCS.

After chest wall expansion measurement,
grip strength dynamometer was used to evaluate
both right and left hand-grip strength. Children
were asked to stand up straight with arms at the
side of their body and hold the dynamometer.
They were given a verbal instruction to squeeze
maximally and then release. Before the data
collection process, children were given practice
trials until they could perform it correctly. One
minute for the resting period between right and
left assessments was provided. Three trials from
right and left hands were performed and the

highest score was recorded.
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Strength subtest of the BOT-2 was used
to evaluate strength after completing grip strength
assessment. Five items of strength subtest of
BOT-2 were explained and demonstrated.
Children were instructed to practice until they
could perform it correctly. Children performed all
five items of strength subtest with one minute rest
between tests. Both grip strength and strength
subtest of the BOT-2 data were further used to
determine the correlation between chest wall
expansion and muscle strength.

4. Data analysis

Data from the first 10 children with both
the 2DCS and the EMT simultaneously recorded
were used to determine concurrent validity. For
data processing, coordinates x (movement in
sagittal plane) and y (movement in frontal plane)
from the EMT were calculated to obtain the
distances between 2 sensors in centimeters (cm.).
In frontal plane, UpperR and UpperlL sensors

presented chest wall expansion at upper level.

LowerR and LowerL sensors presented chest wall
expansion at lower level. Similarly in sagittal
plane, Sternum and T7 sensors indicated upper
level. Xiphoid process and T12 sensors indicated
lower level. Linear interpolation technique was
used to re-sampling. Video file (.avi) in each
breathing cycle from the 2DCS was imported to a
custom Matlab program for identifying sensors and
calculating distance between sensors (cm.) using
“Pythagorean theorem”. Distance data were
filtered using a 10™ order, FIR low pass filer with
cutoff frequency at 1 Hz. This distance was used
to represent chest wall expansion.

Chest wall expansion graphs from two
instruments were created to detect the minimum
distance and maximum distance (cm.) (Figure 2A,
2B). These minimum and maximum distances
were obtained from full expiration and full
inspiration, respectively. Averaged distance across
three breathing cycles was used for further

statistical analysis.

g %

LED light
MB -

LED

light
UpperR UpperL
LowerR

LowerL

Figure 1 Body landmarks in frontal plane (A) and sagittal plane (B) as follows; the manubrium (MB),
the right mid-axillary line at 4" rib (UpperR), the left mid-axillary line at 4" rib (UpperL), the right mid-
axillary line at 9" rib (LowerR), the left mid-axillary line at 9" rib (Lowerl), the inferior end of the
sternum (SN), the spinous process of thoracic vertebrae (T7), the xiphoid process (XP), and the spinous

process of thoracic vertebrae (T12).
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Figure 2. Chest wall expansion graph from electromagnetic tracking system (solid line) and the simple

2D camera system (dashed line) at upper and lower levels in frontal (A) and sagittal (B) planes.

To determine the concurrent validity of
the 2DCS, chest wall expansion was separately
analyzed in planes (frontal and sagittal planes)
and levels (upper and lower levels) in centimeters.
To examine correlation between chest wall
expansion and strength, chest wall expansion was
calculated in square centimeters (cm®) by
identifying and calculating area between sensors
in the custom Matlab program to appropriately
represent chest wall. UpperR ,UpperL, LowerR and
LowerL sensors presented chest wall expansion
area in frontal plane. Sternum, T7, Xiphoid process
and T12 sensors indicated the area in sagittal
plane. Chest wall expansion areas was presented
as combination of two planes, frontal and sagittal
planes by calculating the difference between
maximum and minimum areas. Correlation

between chest wall expansion and grip strength

54

score from right and left hands was examined.
Previous study reported that body surface area
could vary depending on body weight®”.
Therefore, researcher also standardized chest wall
expansion represented by body surface area with
the weight prior to examine correlation between
chest wall expansion and strength subtest of

BOT-2 in statistical analysis.

5. Statistical analysis

Statistical analysis was performed using
SPSS version 19 (IBM Corporation, New York, USA).
Statistical p-value less than 0.05 would represent
statistical significance. Kolmogorov-Simonov
goodness of fit test was used to verify the normality
of parameters of interest. Intraclass correlation
coefficients (ICCM) were used to determine

concurrent validity of the 2DCS. Standard error of
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measurement (SEM) was also established. To
examine correlation between chest wall
expansion and strength, Pearson’s correlation was
used when the data were normally distributed.
Otherwise, Spearman’s rank correlation was used.
Results

Descriptive statistical analysis demonstrat-
ed that mean age was 10.9+1.1 years old, BMI was
20.6+6.1 kg/m?, 53.2% were boys and 93.61% were
right hand dominance. A concurrent validity study
was conducted by using the first 10 participants
of the 47 participants in the correlational study.

Characteristics of participants are presented in

Table 1. Concurrent validity of the 2DCS using the
EMT as a reference standard for measuring chest
wall expansion was presented in Table 2.
The ICC2‘3 of the 2DCS were ranged from 0.80 to
0.94 (p < 0.001).

Spearman’s rank correlation coefficient
revealed a significant positive correlation between
chest wall expansion and hand grip strength.
There was a significant positive correlation be-
tween chest wall expansion score of strength
subtest of BOT-2. Correlation results are shown in

Table 3 and 4.

Table 1 Characteristics of research participants (N=47)

Demographic data

Age (years)
Body weight (kg)
Height (cm)
Body mass index (kg/mz)
Gender (n (%))
Boy
Girl
Dominant hand (n (%))
Right
Left

Correlation study Validity study
(N=47) (N=10)
Mean+SD Mean+SD
10.9+1.1 11+1.3
43.6+15.9 40.2+15
144.5+10.0 144.1+11.9
20.6+6.1 19.1+6.1
25(53.2%) 6(60%)
22(46.8%) 4(40%)
44(93.61%) 10(100%)

3(6.39%) -
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Table 2 Concurrent validity of the simple 2D camera system using the electromagnetic tracking system

as a reference standard (N=10)

Chest wall EMT The simple 2D camera system  1CCy5 p-value
expansion (cm) SEM 95%(Cl SEM 95%Cl

Frontal ~ Upper 0.46 0.45,1.06 0.68 0.83,1.42 0.80 <0.001

Lower 0.49 0.77,1.41 0.60 0.92,1.67 0.93 <0.001

Sagittal ~ Upper 0.29 0.85,1.52 0.38 1.16,1.79 0.84 <0.001

Lower 0.29 0.86,1.34 0.33 0.97,1.47 0.94 <0.001

EMT, the electromagnetic motion tracking system; SEM, standard error of measurement; 95%Cl, 95%

confidence interval.

Table 3 Spearman’s rank correlation coefficient between chest wall expansion and hand grip strength

in typically developing children aged 9-12 years (N=47)

Hand grip strength Chest wall expansion (cm’)
scores Combination of two Frontal plane Sagittal plane
planes
Rt. Hand grip strength 0.57** 0.45** 0.57**
Lt. Hand grip strength 0.45™* 0.347 0.53%*

® Pearson correlation coefficient
** Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 4 Spearman’s rank correlation coefficient between chest wall expansion and scale score of
strength subtest of BOT-2 in typically developing children aged 9-12 years (N=47)
Chest wall expansion (crn’) as normalized by body weight
Strength subtest
Combination of two

of BOT-2 Frontal plane Sagittal plane
planes

Scale score 0.32* 0.31% 0.34*

*. Correlation is significant at the 0.05 level (2-tailed).

56 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



Discussions

Forty-seven typically developing children
(25 boys and 22 girls) were included in present
study. The age range result represents children
attending primary schools. Result also demonstrates
the distribution of children’s BMI which were
ranged from underweight to obesity.

Concurrent validity of the 2DCS using the
EMT as a reference standard for measuring chest
wall expansion in frontal and sagittal planes
demonstrates good to excellent agreements as
research hypothesized. The results suggest that
the 2DCS with a custom Matlab program can
appropriately replace the EMT to measure chest
wall expansion in children with typical
development. It is more practical to administer
comparing with the lab-based equipment, such
as the EMT. Chest wall expansion as measured by
the 2DCS is an indirect method which could
represent to lung volume. Although Kinect camera
can also be used to measure estimated lung
volume® its clinical utility was still limited. One
study has attempted to validate Kinect camera to
estimate lung volume with the spirometer®.
Although they have found excellent agreement
(ICC=0.96) between the Kinect camera and the
spirometer, the Kinect seems to have limitation
to estimate volume when participants wear too
tight or loose shirt®®. In this case, estimated
volume from the Kinect camera may not
appropriately represent lung volume. However,
present study directly attached sensors on the
skin. Therefore, the data from 2DCS is more
accurate to represent chest wall expansion.

Correlation between chest wall expansion
and hand grip strength were ranged from fair to

moderate. This result supports research

hypothesis. Research evidences suggest that chest
wall expansion can represent pulmonary function,
and this pulmonary function (forced vital
capacity (FVC) and forced expiratory volume in
one second (FEV1)) is associated with hand grip

6,8-9)

strength®®®. Previous study reported high
correlation between hand grip strength,
pulmonary function and respiratory muscle
strength®”. Thus, positive correlation between
chest wall expansion and hand grip strength was
confirmed. Moreover, stability of shoulder joint
related with chest wall movement during
respiration and respiratory accessory muscle
activation®. Thus, shoulder joint stability could
affect to chest wall expansion. A study reported
correlation between shoulder joint stability and
grip strength that improvement of shoulder joint
stability by shoulder girdle exercise leaded to
increase hand grip strength®, which represented
to upper limb strength. Based on result of present
study it could imply that children with typical
development can enhance pulmonary function,
measured by chest wall expansion, through upper
limb strengthening exercise.

The fair correlation between chest wall
expansion and scale score in strength subtest of
BOT-2 also supports hypothesis of study. Strength
instruments which used in present study (grip
strength and strength subtest of BOT-2) could be
appropriately used to measure strength because
they are portable, easy to use and less
time-consuming. Since decreasing of skeletal
muscle strength of both upper and lower
extremities could represent respiratory problems
in children®. From these correlations might imply
that strength assessments could be used to

estimate respiratory problem. Moreover, this
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correlational study suggested that upper limb
strengthening exercise and body strengthening
exercise could be used to enhance respiratory
function in typically developing children.

There are three limitations in present
study. First, measuring in two planes of movement
by using the 2DCS to derive the chest wall area
may not fully present lung volume. However,
present study demonstrates that video camera is
sufficient to investigate the correlation and more
practical for using in clinical practice in terms of
cost, simplicity and portability. Second, attaching
sensors on sport bra for girls to measure chest
wall expansion may not be practical for female
adults in clinical practice. Third, correlation from
present study could not generalize in the children
with pathological conditions because only healthy
children were examined. Nevertheless, the results
from current study can be used as the basic
information for further investigation. Using the
2DCS to measure and analyze chest wall
expansion in children with developmental
problems, and examine the correlation between
chest wall expansion and strength in children at
different of age groups and body mass index

groups are suggested for future study.

Conclusions

Present study demonstrates that the 2DCS
is valid for measuring chest wall expansion in
clinical practice. Thus, physical therapists can
confidently use this simple, inexpensive and
accurate instrument to measure chest wall
expansion. The correlational results between
chest wall expansion and strength can be used as

a foundation to design cause and effect study in

the future to identify efficient treatment or
exercise for improving respiratory function and

reducing respiratory problems in children.
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Cut-off score of the 6-minute walk test

for determining risk of fall in community-dwelling elderly
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Abstract

Advancing age usually relates to poor functional endurance which lead to risk of fall in elderly.
Therefore, an early detect functional ability in those with risk of fall should be concerned. The 6-minute
walk test (6MWT) is commonly used to assess functional endurance. However, none of the studies
reported on a specific cut-off score of the 6MWT for determining risk of fall. This study aimed to
identify the cut-off score of the 6MWT for determining risk of fall in elderly. The participants who aged
at least 65 years were classified into the age of 65-74 years and 75 years and older. They were
interviewed their demographic characteristics and screened risk of fall using the tandem stand test (less
than 10 seconds) and history of two or more falls within the past 6-months and investigated their
functional endurance using the 6MWT. There were 255 eligible participants. Of the 187 participants were
elderly aged between 65-74 years and 68 participants were aged 75 years and older. The findings
reported the cut-off scores of less than 320 m (aged 65-74 years: 73.12% sensitivity and 52.13%
specificity) and 295 m (aged 75 years and older: 70.83% sensitivity and 65.91% specificity) to represent
risk of fall in elderly, with the acceptable area under the curve (0.71 and 0.74, respectively). The findings
suggested that the specific cut-off score could assist health practitioners to early detect the elderly
with risk of fall, in order to plan an appropriate prevention and promote health status in these

individuals.
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Introduction

An advancing age usually relates to
functional decline that affects capability to
conduct daily activities independently and may
increase the number of dependent elderly™ ?.
These obvious phenomena may affect especially
in slow gait speed and poor physical endurance ®?;
unfortunately, it leads to frailty and risk of fall in
these individuals .

Evidences supported that elderly who
aged at least 65 years were reported with high
incidence of fall, in which it manifestly increased
in those aged 75 years and older “®. Falls are a
serious health problem in elderly which their
occurrence lead to negative impacts on physical,
psychological, and socioeconomic consequences
©12 Al these consequences of falls place heavy

19 Therefore, an

demands on healthcare systems
early detect functional ability in those with risk of
fall should be concerned in order to plan an
appropriate prevention and promote health status .

Evidence supports that the ability to walk
for longest distance is a feasible physical
(15)

performance measure

using the 6-minute walk test (6MWT) @9

, which can be qualified

The 6MWT is commonly used to assess exercise
tolerance and aerobic endurance in patients with
cardiorespiratory disease’®: furthermore, it has
been also used as a measure of functional
endurance in elderly"”. Bean and colleagues (2002)
found that the 6MWT is the best characterized as
a performance-based measure of ambulatory
capability. This test is used to predict the impairment
of leg muscle strength which related to ability to
perform walking task. As a result of decreased
aerobic endurance in elderly, who were able to

walk with a shorter distance, may cause a

decrease in functional capacity and increase
susceptibility to falls ““*”. Previously, the 6MWT
was reported with an acceptable reliability and
validity when were conducted in elderly
(ICC = 0.87-0.95, r = 0.52-0.73, respectively) ©*®.
There was reported different reference value of
the ability to perform the 6MWT in Thai elderly
among aged groups “”. However, none of the
studies reported on a specific cut-off score of the
6MWT for determining risk of fall in- community-
dwelling elderly among aged groups (65-74 years
and 75 years and older), in which the findings may
assist health practitioners to identify risk of fall
and plan an appropriate intervention for these

individuals.

Material and Methods
Study design and population

The study was cross-sectionally conducted
in elderly who lived in rural and semi-rural
communities in northeastern of Thailand.
Participants were the elderly who aged at least
65 years, both male and female with a body mass
index (BMI) between 18.5 and 29.9 kg/m’. They
were screened their demographic characteristics
and risk of fall. The risk of fall in this study was
defined as the elderly who had balance
impairment (unable to take full tandem stand test
for 10 seconds) and/or having history of two or
more falls within the past 6 months"* .
Additionally, the participants also needed to
understand simple commands of the test in order
to complete the protocol of the study. However,
they were excluded if they had any signs or
symptoms that might affect the study; for
examples, the inflammation of lower extremity

joints and muscles with pain more than 5 out of
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10 scores on a verbal numerical rating scale
(VNRS), sequelae of neurological disease (e.g.,
stroke and Parkinson’s disease), dizziness, visual
and auditory deficits that cannot correct using
glasses or hearing aids, acute illness or injury,
unstable heart disease (e.g., angina), and
uncontrolled hypertension. The study protocols
and consent procedures were approved by the
Khon Kaen University Ethics Committee for Human
Research (HE602302).

Study protocols

The eligible participants were investigated
their functional endurance using the 6MWT. They
were instructed to walk as far as possible in 6
minutes around 6 x 4 meters rectangular walkway
with their selected speed "?. The tester walked
alongside them for safety. During the test, the
participants were able to rest as need without
stop timing. In addition, they were given standardized
encouragement at 1, 3, and 5 minutes during the
test which “You are doing a good job” (minute 1),
“You are halfway done” (minute 3), and “You
have 1 minute to go” (minute 5) ®’. Then, the
distance to complete the test in 6 minutes was
recorded in meters.

During administration of the test, a tester
was always beside a participant without interruption
to ensure participant’s safety and accuracy of the
tests. Furthermore, the participants had to wear
appropriate shoes which were prepared by the
researchers and they were assessed blood
pressure and heart rate for safety and ensuring

enough rest.

Statistical analysis

The data were analyzed by the SPSS for
Windows (SPSS Statistic version 17.0, IBM
Corporation, 1 New Orchard Road Armonk, New
York 10504-1722, USA, serial number: 5068054).
The descriptive statistics (mean, standard
deviation, 95% confidence intervals, and the
percentage) was applied to explain characteristics
of participants and the findings. The independent
sample t-test (for continuous variable) and the
Chi-square test (for categorical variable) were used
to compare the differences of demographic
characteristics between elderly with and without
risk of fall. Finally, the receiver operating curve
(ROC) was used to utilize the cut-off score,
sensitivity, specificity, and area under curve (AUQ).
A level of significant difference was set at less than
0.05.

Results

Six hundred and ten participants interested
to participate the study; however, 355 of them
were excluded in a screening phase due to they
were missing the inclusion criteria and unavailable
to participate the study. Finally, there were 255
eligible participants which were divided into the
age of 65-74 years (187 participants) and the age
of 75 years and older (68 participants) (Figure 1).
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610 elderly interested to
participate the study

355 elderly were excluded in screening phase due to

- Having age < 65 years (n = 51)

- Having a body mass index < 18.5 kg/m2 (n=41)

- Having a body mass index = 29.9 kg/m” (n = 44)

- Unavailable for participation (n = 51)

| - Unable to perform the tests without walking device (n = 28)
i - Having a spine or leg deformity (n = 13)

E - Having a visual deficit or hearing impairment (n = 20)

i - Having an uncontrolled hypertension (n = 1) i
; - Having pain at lower extremity (VNRS > 5/10) (n = 1) i

- Having a stroke (n = 4) and Parkinson’s disease (n = 1)

255 eligible participants were assessed their

functional endurance using the 6MWT

Participants aged
65-74 years (n = 187)

Participants aged
75 years and older (n = 68)

Without risk of fall
(n = 24)

With risk of fall
(n = 44)

Without risk of fall
(n =93)

With risk of fall

(n =94)

Figure 1 Participants flow chart

Table 1 Demographic characteristics of elderly with and without risk of fall

65-74 years 75 years and older
Variable Without With pvalue Without With pvalue
risk of fall risk of fall risk of fall risk of fall
(n=93) (n=94) (n=24) (n = 44)

Gender [female : male] 63 (67.74) : 30 (32.26) 73 (77.89) : 21 (22.11) 0.905 13 (54.17) : 11 (45.83) 35(79.55) : 9 (20.45) 0.439

Age (year) ° 69.09 + 2.73 69.89 + 3.14 0.055 77.83 + 253 78.97 + 3.77 0.104
(68.52 - 69.66) (69.24 - 70.54) (76.73 - 78.92) (77.83 - 80.12)

Weight (kg) ° 55.51 + 7.63 58.28 + 7.88 0.017* 57.48 + 8.29 53.98 + 7.90 0.56
(53.93 - 57.10) (56.65 — 59.91) (53.90 - 61.06) (51.57 - 56.38)

Height (cm) ° 154.59 + 6.68 154.38 + 6.43 0.826 156.43 + 7.41 151.36 + 8.04 0.007*

(153.20 - 155.98) (153.05 - 155.71) (153.22 - 159.64) (148.92 - 153.80)

BMI (kg/m”) ° 23.26 = 3.04 24.45 + 2.94 0.008 23.51 + 3.07 23.55 = 2.94 0.952
(22.63 - 28.90) (23.84 — 25.96) (22.18 - 24.84) (22.66 — 24.45)

6MWT (m) ° 357.02 + 57.95 30598 + 71.33 < 0‘001* 321.96 + 54.57 260.17 + 81.96 < 0,001*

(345.14 - 368.90) (291.21 - 320.75) (298.37 - 345.46) (235.25 - 285.09)

Note: " Indicates statistically significant difference, ° The data were demonstrated using number of participants (%) and compared
using the Chi-square, ® The data were represented using mean + standard deviation (95% confidence interval) and compared
using the independent sample t-test.

Abbreviations: BMI = body mass index, 6BMWT = 6-minute walk test.
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Table 2 Cut-off scores of the 6MWT for determining risk of fall

Age range Cut-off score (m) Sensitivity (%)  Specificity (%) AUC
65-74 years < 320 73.12 52.13 0.71
75 years and older < 295 70.83 65.91 0.74
Abbreviation: AUC = area under the curve.

The participants who aged 65-74 years Discussions

with risk of fall were reported shorter time to
complete the tandem stand than those without
risk of fall (7.33 + 13.07 sec and 45.59 + 19.91 sec,
p < 0.001, respectively). Similar to the participants
who aged 75 years and older with risk of fall were
also demonstrated shorter time than the other
group (6.09 + 12.09 sec and 41.79 + 20.39 sec,
p < 0.001, respectively). However, there were no
statistically significant difference of the tandem
stand test between age groups who with and
without risk of fall (p = 0.597 and p = 0.483,
respectively). Regarding to the experience of
multiple falls in the last 6 months, there were
26.60% of elderly who aged 65-74 years, and
34.09% of those who aged 75 years and older.
More than a half of multiple falls (56 out of 93
times) caused by intrinsic factor, such as loss of
balance, postural hypotension during changing
position, and leg muscle weakness. The extrinsic
factor included slipping, tripping, stumble over
uneven paths, and too-long dress. Furthermore,
the participants with risk of fall were reported
shorter distances to complete the 6MWT than
those without risk of fall (p-value < 0.001). Other
demographic characteristics were shown in
Table 1. The cut-off scores of the 6MWT for
determining risk of fall in each age range were

presented in Table 2.

This study investigated the optimal cut-off
scores of the 6MWT for determining risk of fall in
community-dwelling elderly, which were
categorized into the age of 65-74 years and 75
years and older. The present study reported the
cut-off scores of less than 320 m (aged 65-74
years: 73.12% sensitivity and 52.13% specificity)
and 295 m (aged 75 years and older: 70.83%
sensitivity and 65.91% specificity) represented risk
of fall with the acceptable area under the curve
(0.71 and 0.74, respectively).

The 6MWT is the best performance-based
measure to identify functional endurance which
affects the ability to conduct daily activities® "’
It is commonly used as an instrument to assess
progression of functional exercise capacity and
determine functional limitation in several patients,
particularly in elderly people™ '*?" Although
there were some studies reported normative
value of the 6MWT in elderly™”*”, present study
was the first study to explore the specific cut-off
scores for determining risk of fall in these individuals.
The findings showed that advancing age (aged 75
years and older) had a shorter distance within 6
minutes than younger (aged 65-74 years). In
addition, they also had a higher risk of fall, which
was confirmed by less time to complete the

tandem stand test and higher number of falls
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within the past 6 months. Present findings reported
that more than a half of participants with risk of
fall were female gender. Similarly, Thiamwong and
coworkers (2008) reported that female gender is
one of the significant fall risk factors in elderly;
therefore, they rated the score of females as fall
risk indicators in the Thai falls risk assessment test
(Thai-FRAT)*. Evidence supported that female
had a higher risk of fall than male because of the
effect of menopause®. It led to decrease of bone
mineral density (BMD) which was reported strong
concomitant decline in muscle strength®”. These
conditions were closely related to reduce activity
in daily living, then lead to fall in elderly® #.
Regarding to elderly who were unable to
walk with long distance, it could be represented
low aerobic fitness which led to early muscle
fatigue during perform the activity of daily life*”.
The evidence reported that the aerobic fitness
can be qualified using O_ consumption (VO max*”,
which occurred in exercised muscles and positive
correlated with distance walk?®?; unfortunately,

(27)

it was decreased with aging process”". Therefore,

muscle fatigue is a clinically important with risk of

@8 Furthermore, the

fall in these individuals
evidence supported that walking distance within
6 minutes also correlated to muscle strength in
elderly ®. Similarly, Pang and colleagues (2008)
reported that leg muscle weakness related to
ability to walk with short distance, which was an
important reason to increase risk of fall in elderly “°.

The present findings showed that elderly
aged 75 years and older were reported the
6MWT’s cut-off score of less than 295 m (Table 2).
Previous study reported that the cut-off score of
the 6MWT of less than 300 m indicated poor

walking ability and mortality rate in chronic heart

failure patients®”. Unfortunately, those with risk
of fall might be troubled with walking ability to
perform the activity of daily living and increased
mortality rate. Additionally, the elderly aged 65-74
years in present study were reported that the
distance walk in 6 minutes of less than 320 m
indicated risk of fall. Previously, Cote and
colleagues (2008) reported that the distance of
less than 350 m identified an increase of mortality
rate in patients with chronic pulmonary disease
(COPD)®. The elderly with risk of fall, who were
able to walk with short distance, might reflect
frailty and poor health status. Moreover, the
present study found that the BMI might be a
factor-related ability to perform the 6MWT in
young elderly (aged 65-74 years). Evidence
supports that overweight elderly likely to have a
poor physical performance®; however, the
further investigation of the effect of BMI on
ability to perform physical function may show
clearer findings.

However, there were some limitations of
the study. Firstly, a smaller number of participants
who aged 75 years and older might be a reason
of wide range of standard deviation of the 6MWT
(Table 1). This might occur due to a lack of sample
size calculation of the study; however, the power
of test was verified and reported of more than
0.80 in each age group. Therefore, further study
should state the sample size calculation and
recruit a greater number of participants for
clearer findings. Secondly, the study design in this
study was a cross-sectional design, in which it
cannot identify cause and effect relationship of
fall. Therefore, further investigation should design
as the prospective study for indicating fall risk

factors. Finally, the present study did not explore
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the correlation between 6MWT and tandem test
or frequency of falls, in which the further
investigation of this relationship might useful to
confirm the importance of declining in functional

endurance to susceptible falls in elderly.

Conclusions

The findings suggested the optimal cut-off
score of the 6MWT to determine risk of fall in
community-dwelling elderly as the distances of
less than 320 m (aged 65-74 years) and less than
295 m (aged 75 years and older). The specific
values could assist health practitioners to early
detect the elderly with risk of fall using ability of
functional endurance, in order to plan an
appropriate prevention and promote health status

in these individuals.
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Relationship between Plantar Flexor Muscle Strength and

Standing Heel Rise Test in Community-dwelling Elderly

Weerasak Tapanya*, Sinthuporn Maharan, Noppharath Sangkarit

Abstract

Background and Objective: The important risk factor of fall is reducing of muscle strength
and power. Beside knee extensor, the ankle plantar flexor is essential for balancing. Therefore, the
assessment of plantar flexor muscle strength and power is very important. This study aim to evaluate
the relationship between standing heel raise test and plantar flexor muscle strength measured by
standard equipment Method: Fifty-six healthy elders who aged more than 60 years (mean age 66.09+7.05
years) were performed standing heel raise test and plantar flexor muscle strength measured by
Push-pull dynamometer. Pearson product moment correlation coefficient was used to evaluate the
relationship between each variable. Results: The results showed that plantar flexor muscle strength
had significantly moderate correlation with time, repetition and power of standing heel raise test
(r=-0.460, 0.420 and 0.563, respectively, p-value < 0.01). Conclusion: The standing heel raise test could

be valid assessment for ankle plantar flexor strength in elderly.

Keywords: Standing heel raise test, Elderly, Strength, Power, Plantar flexor muscle
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Factors correlated with risk levels of musculoskeletal disorders

among rubber planters

Sunisa Chaiklieng"” Kawitthrarin Khanaphan?, Pornnapa Suggaravetsiri’

Abstract

This cross-sectional analytic study aimed to investigate the factors associated with health risk
levels of musculoskeletal disorders (MSDs) in rubber planters. There were 316 rubber planters from
Ubon Ratchatani Province, Thailand participated in this study by multi-stage cluster sampling. Data were
collected by the structure interviewed questionnaire, musculoskeletal discomfort questionnaire, rapid
entire body assessment (REBA), and physical fitness test. The health risk assessment matrix was applied
for MSDs risk levels assessment. The significant risk factors of MSDs risk levels were indicated by using
multiple logistic regression to present adjusted Odds Ratio (ORadJ_) and 95% confidence interval (95%CI)
at p-value <0.05. The results showed that ergonomics risk assessed by REBA was very high with implication
needs among rubber tappers (87.66%) and all rubber sheet makers. The muscle strength was likely low
for handgrip strength (56.01%) and leg strength (89.55%). The high health risk of MSDs was indicated in
most rubber planters (62.65%), mainly area of the lower back (67.71%), followed by the knee (58.86%)
and hands/wrists (56.96%). The significant factors correlated with the high risk of MSDs were including
rubber transportation with a car (ORadj_ = 1.82; 95% ClI = 1.06-2.87), resting <3 hours a day (ORadj_ = 3.38;
95% Cl = 1.13-10.11), and had low handgrip strength (ORadj_ = 2.13; 95% Cl = 1.29-3.27). The significant
findings were high ergonomics risk among rubber tappers and rubber sheet makers and the correlated
risk factors to MSDs risk level which were low muscle strength, not enough rest, and manual rubber
transportation. Those suggestions are for the surveillance program to prevent MSDs by the community’s
organization such as health promotion with muscle exercise and training program to educate planting

farmers of rubber on work environmental ergonomics and to reduce the risk of MSDs.

Keywords: Musculoskeletal discomfort, Ereconomics risk, Physical fitness, Health risk matrix

1Department of Environmental Health, Occupational Health and Safety, Faculty of Public Health, Khon Kaen University.
MSc. Program in Occupational Health and Safety, Faculty of Public Health, Khon Kaen University, Khon Kaen
* Department of Epidemiology and Biostatistics, Faculty of Public Health, Khon Kaen University, Khon Kaen

*Corresponding author: (e-mail: csunis@kku.ac.th)

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 83



unin

Toyaadflsafiintunmudnuusvioanin
YosueLilesanmsvhey MnnesuRunauny
dinaudseiuding nsensiwssny ud we.
2556-2560 fig ANURAUNANISEUUNTEANIATISI
waznénile wasosas 2.19 dell” wuithenniian
Ao naueTnnuasnIRUgniinuasiivls 91uu
68,886 318 Anludeway 39.51% uazandeyarUae
mmﬁﬁmﬂﬂﬁwmwums@ﬂimqs’mLLagﬂé’mﬁa
1NNTYNUYDITEUUATITRLAR TUNITUNNE LA
FUAMN NIENTRENs15daY Tl we. 2560 WugUae
Tsansganlassisuazndunile $1um 100,743 518
AnludnsUae 167.22 sieUszynsuausie

é’miﬂﬂaﬂkﬂmz@jﬂuazﬂé’mLﬂf@f\mmiv‘mm
FringuaTI¥et nuhddnsthe 103.48 deUsyyng
wauay Weduunmueen®w wudusuusn ldun
WnunInTe1TngUaniiglsuasiudn vinls 413w
Ugnim sesasnednaunusuienly® lnsanns
Anwinindutaglunuasnsugniiols dausd we.
2555-2559 wupnugnuedn1siuliegaaniungulse
yasruUnszgniassiakasndniie® uasdiumis
WUDINNTGIGARBUTIUNAIEIUAN MUAILN1TUIN
USIUTENAAINUY LAZTENAAIUENS AUaIdY
fanimvdnunanmshauviingevimiiasssuya
nsoonusuiY vieiiviimegg®

inwasnsFUgnensgt duinduondnid
anudeseguaimlunatsy snlagianizdiunis
genand Fadudlymiiddyinansenudogunm
voaNuAINITARIINEN AL M sTaLTign
Aszuiintgn @ninwindeudus fdnadeniny
AnUnAnsszuunszgnlassdnsuazndnuiianinng
v emgniseauluamAdediinungga fo
nsUAndsduas denuinflennisuiniidanal
liiannsavihald¥esay 5.9 voenguiidnu®
AUYNTBIAINIAINNTUIAVEIEIUAN Fan15Uan
vinadle deile demen Afnisanifintuesisd

el

TodrAgnisadalugraniinisvirnuninueugn
g19w157"”

91nnsilaindnuseiuniedaauainnng
yhauuagdaudsareguaimanlug dueinis
maﬁzwﬂiz@ﬂimqiwLLagﬂé’ﬂmﬁaﬁaﬁﬂmﬁNﬁu
nsanwdadeidsstennuiauninisssuulasesng
wazndndeluinwnsnafugnenaminiedsndy
og1sBaitoiduuslovdlunsideyaluldlunis
o9y MIdaauauam wagalHuanALLEe
mﬂmmsﬁmjﬂam’mzwﬂﬁz@ﬂimqiwL.Lazﬂé”mmfa
Tuinwmsnsguanesssiely FansAnwfinuan
izq’jﬁ]ﬁlﬁ'ﬂL?ﬁlmmﬂmiﬁwmﬁmmmqmﬂmmzam
warn1seenuseliauduiusSiunguaINRAUARMS
szuunsgnlassaagndsiouTnuseddiuuy
Foimansviauansaussdiulganmaiinnis
Ussflumnudsaneniseeans® waznuintadudu
UAAAATUDIELATINANAUFURUT AUN1T9INNT
sana1duiuluineasnsgneranisiluanale
vaeusenalng?

dosnilagtunieny fusenidsanieditud
U@Jﬂmquawmmﬁuﬁﬂﬁuﬁaaﬁmmﬂmﬂiéf%ﬂ

(10) 2 ¥ X

Useinalng " fidedeaulafinuanuduiusvesdady
VEIUYAAR ALLTILSIVOIANTIONINTNNY U
Uaduidgeanmsvinuiuseduanudgamnisguam
AEAMURAUNANIITEUUNTEANLATIS1ILAZNA LD
¥ dy £ =l
Tunuasnsguanensnisndl Ingldnsdlinunsnsugn
[ [ =1 d! =4 [ [ d‘ddy d‘
81915190939 Inguasvenll Fadudaninniug
a @ o w vV [ a = (11)
nsnaneaduaiuiue) vesnany Tueniduunile
WintuaflalunanutosiueIn1siaUn@iniassuy
| 9] & \
nszgnlasaiakasndanilelununsnssiely

o/

FAARAZIATATUNITIVY

q

1. UuUUN5IY
ANSANBILTIILATIEA LUUAIARAVING
(Cross-sectional analytic study) ﬁﬁmiﬂﬁzqﬂﬂ%
Lm‘%ﬂmiﬂizLﬁumwmﬁmmaqmmwGfamimm
RAUNANI952UUTASIS19AYNaULLe WaUsyLiy
U d‘ 1 = % d'u %} 6
SYAUAMULALIND MSDs wazAnw1Uad8Ngunusnu
sEAUAMILALIAINE 1 lUINEATNIHUGNE19NI 97

84 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



11)

& =~ v o = ° =
‘VISU‘LleLUEJH%EJWW?@QU@T]%W V]r]ﬂ’ﬁﬁﬂw’ﬂ,u

%99 UATIAU —LUWIUY W.A. 2562

2. Usensuaznguiagng
Usgvinslunisfnwiasellfe tnunsnse
Ugn 8195 MTUNEL I8N YRINIYIEIUY NS
ANUNNSENAsU ST A bne U UAYYNY JININ
= o a & v 4 U dy
QUaTIvEIH WU 316 AU Lagdlinausidnidn il
1) 1nuRINIENTUNLTEUNYATNTYNIAIUY NI
%ﬂmﬁ"a\‘imilﬁv‘?’f@%aLﬂwﬁliﬂﬂﬁﬁﬁf\]ﬂﬁmmimwmi
d‘ 1 ¥ v a d‘
AUIIUAEY NIUNITNIALNE 2) LNEMINSAUTENBU
a a 1 v | % [ dy Qlla./ U
a1¥nnIngvetates 1 U wazanduegluiuiidamin
auasys il 3) {Nddyuidlneg o1y 20 YAulY
1 a ¥ a =3
LATAIUNT0B URNWEULY 4) Buvaukariula
WN5UNNTIFYASIT WALLNUNANDEN AB 1) LNWATNT
Aaglagufmnsunse vseiresunisiidnauinla
WNnaINsRAUNANI9sTUUlASIS1aENaNLile 2) @ns
Mogluraen1InmTss

3. ANSATUIUTUINAIDEY
nsA1uINYUIafIeg 19 ldgnsA1uIN

YUIAFIBY NS EIUSUNITANYILUUAIARAYI

Bz laeldaifonnovasiafn (Logistic

(12) d‘SLQJqJ | A o
NYAAAIUNTITIUNWNIUUTUE VDY

regression)
wssrumagefivheuluaiunaldluniang Susen
maaﬂﬁzmﬁlﬂnaﬁiam’mﬂmﬂﬂamﬁwumz@ﬂimqiw
waznduioannisanuaneunting wnuAlugns
90 YadeidssvesnsBurhauuiug fe P = dndu
memnﬁmwﬂmﬁ’m’1uslumumaiﬁﬁlﬁ,iﬁmiﬁuﬁwm
wwe fanufnunfivesszuulasessaasnduile
= 0.35 wag P = TAFIULTIUY NNV
Tuaunald@ifinisduinauuiug fenisinund

Y9952 UUIATITAENAULED = 0.64 tanadl

n = 0.54(1-0.54) (1.96+0.84)"
[0.64(1-0.64) (0.35-0.64) ]
n = 100.90 ~ 101 97

MnsuSuildsungudiegiediniunig

a 6

AT Multiple logistic regression™”

wazldnis

] Y 1

duiegraiuunanedunen (Multi-stage cluster
sampling) 3IUFUIUNAIDY1MEAT Design effect
(D); n (clus) = n (s) x D MsANILIIMNUATA
D=2 %A1 p = 0.6; n (clus)= 158 x 2=316
aaiuIdelduunadiegddunisfinwasadl
316 Ay dnsgusiiegneegeitgluasell (Cluster
. 1 o A o 901 A
random sampling) Imaqum 1 971Ln8Ad BILNDUIEY
= ) & A ~
LBINAINAN UL NUNLNIEUgNUNITNIZUgN

W yazwisesn Wu 3 1wy lowa

g19N131UINTER

lguwmile launans leuldieyinisguniiesiiua
Y dy IS I o ! A o

losail lwuwile Ao duagnslng lwunaie Ae dua

=Y

uey waglyuld Aeduadiides idudeindula

deniudayannauluiuadudon ausuausiiedig
i
Tunsfinwil 316 Au

4. \w3aefiafildlun1sise

1) Luvdunwalluuilassasne Usznousae
2 dw Ao dwil 1 Teyadiuyana @il 2 Joya
fuanmundeslunisviey wagnisenedoudie
ag ANIUN1TATIVEOUAINUATILATAIIUGNA B
‘UENL‘f!JEJW] (Content validity) vosuuudun1wailag
ATmgsueiiewsls mssmans szuieinen
uagnenmUae Lileaugndes ATUARNATY
den mnumuirauduatvIkazautaLay
voetonu wazUsuusmilunauldifiudeya

2) wuudszilluanuidnladauigniassuy
Tnsesnauaznduiieusnasiie 10 vsnie ae
AIAIUUY WasaIua Luia uvuviouas deuszvaile
arlnn 11 Yes Wiuazdewin lnsvenauiuas
ANUTULTRIANLIAN lauIensTUUlASITUaY
ndundle 1namiAdediunlog alan meindes uay

19 @aUun1ua1n15UIA Wy 91 a1 Tuseu 1 Whau

ALY
MHUN TEYAIUTULTIVOIDINT 4 T8AU A9l JULTS
Ao (1) Juussdiunans (2) Juussnn (3) Juuss

WNIUAUNUIN (4) wagssyaNudTeeeINs 4 SEU

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 85



A UL AT (1) UNASY (2) Uss (3) Ussun (4)
LAENAAMALLULAIINTULTILAZAIIND (0-16 ATLUL)
a111303nIEAUANTULTBIANSENnllauedy

19 flo svau 1 fAnliaviedniles (Azuuu 1-2)

4 5¥HU
YU 2 i’ﬁﬂiﬂiamsmuﬂa’m (AELUY 3-5) S¥AU 3
SAnlalauneunn (avhuu 6-8) szau 4 Janliauns

~ av o A vee
Wndian (Axuuu 9-16) waznsallidenisvisesdnauiy
5Y5E9U 0 (Aguuu 0)

3) N5USELIUAINULALINIINISUANARS
AwAlla Rapid Entire Body Assessment; REBA
WesnndumatinnisusefiudneaeimanIsvingy
AdvIIm1aeaaulnINes19n1y Fauuisdunisly
Uszilluinunsnsugnenansfiianwugnisiagy
VN9 EN159191uN Ul TR ud udrulug
= < 5 =l < =4 5(10) v
Fonvanlunsansn vselgaanduu1ensa™? wagly
SYNAGIUVULN VUENIABIINIST LAUTNENuaY
A5VIeNwHY Wudy TneRansandidaasdnyae
nsAReulmveIdIuA1eg $19018 FeUsenauaay
N15HA15UIMIMNN YuesAadeulnveseislr e
41917 WAL ALY Uanegwuy SIuAUNIsUSEEIuANSY
NUNYNINANLDYINTSIARBUIAILAZ NSNS

4) NSATIVIAFUTTONINNINY AT IALSS
= = = U a ¥ '3
Julle wsandeands wazusavdenwn lngldaunsal
Back-leg dynamometer Wia¢ Hand grip dynamometer
muﬁmaumwﬁ’fa%a‘[maﬁ‘iﬁ'ﬂuamuﬁﬁmmaﬁm
A2AINAD AUNANYUYY YTBAUUIINAN LN
P14 198YINR5999 2 A9 YRaniA1u1naINnNSIn
(Alansy) sarguvines (Alansy) wWSsuigunu
| ] U A A = °
A1LATIUTY 5 58U AB AN A UIunane 61 wae
AN

5. nsAassiszAuAudBmIInseAanilag
waila REBA

NAAZWUUAINAITHINTAUIEIUA9 VBINGY
9382z 99 Ao

gl 1 Mlnsevine (AzuuuBgsTNINg
1-4) &9 (AZUUNBYTENIN 1-6) LAz (AvLUY
9851 1-4)

T a A o a
dui 2 Mmsdsziuniszauiilagiiansan
- S P ! !
Nnusanldvisermtiniide (Azuuuegsening 0-3)
gl 3 MTIATIMUVUEILUY (Azuuueg
SEWIN 1-4) WYUEIUAN (AsUuUDYsYIINg 1-2) Loy

Y A

Voo (ATLUUDETENIN 1-4)

[

| ~ A o U e

duf 4 nsUsziiudnuuzn1siudning
(AzUUUDETYNINg 0-3)

AN 5 UsellluseAunanIshksiannnany
&j o 1 1
Welumavihau (Pzuuuegsening 1-3)

(Y] d‘ I I~ [ [ d’l
sEAUANULELLUIDRN U 4 SEU 9Tl
seaU 1 (E8991) ATkUY 1 Azigausule
SEAU 2 (FES9UIUNEN) ATLUY 2-3 91U

AT LASUNITHSIVEBULAL AN IUALLDUALNLLAL
S¥HU 3 (Lﬁmqﬂ) AzLUY 4-7 utusudu

Uy misavvaeulaysuALiiunsusuusslviavy
S¥AU 4 (L%mqama) AZLUY 8-11" ULy

Dutymenssurinisusudgsmseudlalaeviui

6. MUszIiuTEAUAMUEABIMNSHUANED MSDs
THunsnanuldssdoguainiiondoosd
Usgnauvedlemadudadadeanaiunisnisemans
31NHA REBA (4 s¥6iu) wazszdumnuianliauny
fiunmene (@ szdv) madndvesazuuunuAe
LazsEiuANADIie MSDs Uszgndanntunin
Adsasguamse MSDs Tumsanundisinmn®?
Fauansluansedt 1 lnouszgndifiensiiaszi
Jaduides Ao nguinunsnsUgnensmadiannuidesgs
#o MSDs firsananenuidssiiszsu 3 July sz 3
AABIge uarsEAU 4 AuAssgen) Lazngud
fauidssrin Ransanananandssiiniisedu 3
fsuwmisladuwmimilivossenie

7. M3ATedayaldeana
Mslaszvideyamelusunsy STATA 10
(BuaAvs uine1doveuniy) maleseideyarly
sheadmdmssann nsdidoyaiduteyadeliosuas
finsuanuasUnfthiauesmsaads Ardudeauy

86 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



WInsgIU nIdldeyalinisuanuasliund daue
sheensiseg Adige gean nsdldudeyauasiy
Bnavelaenisananiainuiuaraiosas uay
mMsasimdadeiduius fuszduanudsge
GiEJﬂ’J’]@JamJﬂﬁ%ﬂﬂizUUﬂiz@ﬂIﬂNiNLLazﬂél’lﬂ,JL‘ﬁEJ
lunwasnsgugnensns Tdatanyannagladadin
(Multiple logistic regression analysis) A2ELATLA
N19LATIERLUUTIneniazsfuls (Backward
elimination) Ransansudsiiddglunsidlueg

a L3 I . IS
PNNANITIATIZNBE191IU (Crude analysis) Tnadl
A1 p-value<0.25 wazdikusniu Ae e 918 wag
Useauni1salvineu wansUadeidesndunus du

a | I A v o w aa v '
ANULEYIND MSDs 28 NNUTFNAYNNEDG AIYAT
Adjusted Odds Ratio (ORadj), 95%Cl way p-value
<0.05

= Q’lj Y va a a v
nsfnwillasueydfasesssulunsidely
UYweIINANENTIUNIINITITelunywe ves
UNINYIRBVOULAY 1aTNIATINIG HE 612333

M19197 1 wesnUsedliuanudemnsauninsie MSDs lunwnsnsiugneanisineldseauanuidesued REBA

wagsEAUANIAN AUy

ANUIABINSGUNINGD seuAIEDITUNSEAans (REBA) AT SYUIADS
MSDs 1 2 3 4
JEHU 4 4 8 12 16 9-16 4 (gs7n)
Aagnlsl 3 3 6 9 12 6-8 3 (g9)
dung 2 2 a 6 8 3-4 2 (Uunamn)
1 1 2 3 4 1-2 1 ()
0 0 0 ik %5 0 gausula

Hadnsvesnzuu 1* uag 2* lumsaudieldiisyduvesnnuidnliauis (0) uiseAuaudswnunsemans (REBA) s¥diu 3

o o | ' = = o o = o (11) 4 o oA i o
NIDTLAU 4 TAINANDAINULEEIVDI MSDs 1‘“5883873 QQQ@i?NLﬂUﬂQ@J@Jﬂ?’]MLaﬂQW’] ﬁ?ﬁJﬂUﬂq@JLﬁﬂqm@ MSDs seau 1

WayIZAU 2 wavnquiidinnudesszau 3 (@9) waszau 4 (@wnn) Sadunquidesgasie MSDs

NAN3ANE1IY
1. dNWALEIUYARD LAZATITEUNIN
NquUAI8g19AD LNYATNIHUGNEIINIT)
dllugJunene Sauay 57.28 fo1g3z1ing 50-60
U (0de 4150 U dundenvuninsgin 12.18 T
91gsan 20 U 01ggsan 63 U) daulugjatindern
Yosay 71.84 ynawimiiiningmisudundn
fUsgaunsaining1ansuunndi 3 U Sesay 94.30
uardineldsaifeuvesaseunsakaus 20,001-30,000
U $ouar 46.84 (10dy 31,898.73 U gy
UINIFIU 8,121.45 UM 31815@?1@1@ 15,000 U 5819

g9an 46,000UM) wagngAnssuaunm dnlvgllaiay
guuns Sewar 78.80 liimsfuneanased Jouax
69.30 wazliiilsausednd Sevay 87.66

2. AusININYBINE WD

Han1sinusaduile wud egszAuliunans
uazsAusIn Yevas 32.91 uay 31.96 MUY
mMs¥ausamBeadamu egseiuUInaN UazsERUM

(% 1

Sovay 50.43 Lay 22.47 AUAIRAU @IULTUUTYAUN

Ly

DETTAUAIN Soay 75.63 Wayseaum Touay 13.92

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 87



3. ENMNUINABUNTIINULAZAISEAENS
nauiegeiinisvugelagldsadnseueud
WageSouay 61.71 waglasnous Sevay 34.81
dminiideds 11-15 Alandusiends Yevay 58.23
¥eannng 8 lusretu Sovas 61.08 warinneu
Yosni1 & Falussety Seuay 58.23 F1uvanag
AT ULALAITOBNKTS NUITMININITYI9U
Tudnwaeliy Seeay 44.94 Tn158URARDALUNY
1 2 $alueAu JfTRiduused Sevay 92.93
sesaqniinsnszan Ua 4o flednq Ansefuuiy
innd 2 FaluyAu UTRTuUsed fosas 88.38
wazfinnstiannun Aade fuunuannnd 2 aluy $u
UAURTUUsZA Sovaz 84.34 mudeiy
Han1SUSELAUAIINLAEINIINITUAERNS
A8 REBA F1UUNAINANYAEIUVBUNYATNITHUGN
§UNITT AD N3ABINITY (N=316) LAULIE19En
(n=106) \iUE9NBUNE (N=205) WAYNENauaY (n=5)
wuInEAsnsivimsiifenudsmulusEau 3 uas
gifu 4wty Tunndumeunisvhan Teedwlng)
agluszau 4 Fefumeushaumuduauainan do

o

VRN WunnAd (5 AY) FBIRINIABNITNIALNN
910 277 Au Goway 87.66) TunauLiULNN9En
12U 83 AU (3awar 78.30) WardumauLAveIa

ABUNRY 91UIU 161 AU (50882 50.95) Aua1aU

4. szhuaudnlisuisuazanaudsamegunmn
#® MSDs

suAMLIANlauIEMTEUIUNSEANLATITN
wagnduileveununinadugnenanisainnis
FIENUMYAULBINUAIUVDIINNE WUTILAIUFAN
Liauieseiuiunans finugagaiivine fevas
42.72 sesasnilenavdoile Souay 43.04 Uavnas
dauvu Yewar 41.46 auddu agrslsfinmiile
finnsandianuidnliauissziuan wugeaniivas
druan Segay 12.66 o Iuaztoin Seuas
11.71 uazn Seuay 11.03 AUEAIAU WAZTULT
fiszstusnaAumlim wuuinamdsduaadudiiunsn
LUy

A a a !
oM TUIAULESIMNI9gUN WD MSDs
lAgAUHANUATNAAIULELINI9EVAINGD MSDs
WUiNERINIRUgNEensdadEegensiie
AMURAUNANIITEUUNTEANIATIT1LAENA LD
a a 4 a v a &
USnalausnumileds Souay 62.65 lagAULdeel
NUGHARABUSIAVAIEIUA Sogay 61.71 T09a3N
1Jun Sevaz 58.86 wavilolazveile $euvay 56.96
ANUAIAU HINTSIN 2

A9 2 ANUFLINNFUAINED MSDs I1HUNAIY

ANUVDITNNY
. ANMULABIFHBNISIARN MSDs
GRVRIRR . . _
, GRRHIGENGY AULADIADUTIA
9NY _ . _ .
PI1UTU IYNY TUIU FREGH
AD 130 41.14 186 58.86
va 139 43.99 177 56.01
PAIEIUUY 150 47.47 166 52.53
Wasauaa 195 6171 121 38.29
LYUNOUA 138 43.67 178 56.33
flouaztoile 180 5696 136 43.04
aglnn 133 42.09 183 57.91
i 186 5886° 130 41.14
194 166 5253 150 47.47
WAL UaLIN 165 52.22 151 47.78

123 = o | P ' a v @
MU ATUNURINUAIIULFYIFIABNITNG MSDs aunu 1,2,3

5. Yadeiiduiusiuanadesgeda MSDs
INANTIATIENNIANUTUNUS D191V
Faudsiien (Univariate analysis) Ingynnsiinsnzs
MIAUAUNUS T¥NIN9AILUTANNLALAILUTDATY
fiawsia fie FuUsdyana Lawn lna 91y Usaunisal
M9IUNTABIINITT miguwﬁl n1sALLeaneges
19lARBLAUYBIATEUASY warn1silsauseanea
lanunaudusiuseesitdodiAgyneans
ATUSNYULNINIINITINUBALNSUANERS
MNTURBUNTAIALNS LRUTENsEn Lfugneeudae
MEUEY LarsInDenIstaunIsvudaluanurune
Wudﬁ]ﬁaﬁﬁmmé’uﬁuéﬁ’ummLﬁsqqmamilﬁm

88 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



ﬂ’Jma@ﬂﬂaVI’NiSUUﬂ‘Jz@JﬂIﬂN‘j’NLLﬁSﬂﬁﬂﬂJL‘ﬁ@
pgalitudrAyAe nslasasunlunisaudie way
mMynReu <3 Flusetu Fiswazdoalunnsed 3
fruaussanmaendiuie wuintladeiidl
AuduTUS fuAuLds s anisiinaauRinUnf
mesvuulasesuasnduiioagditeddymeann
Tgun aussanmassuseduiion wazaussanin
goanduievsin suandunnsed 4

HAN153LASIEY LTanonnoeladasn
(multivariate analysis) Wiewnddudsfinaiuda
mnmaimawﬁimmwﬂﬁm i p-value <0.25 wag
FauUsnau nuidasefidanuduiussuanudes
o MSDs vaununsnIguane1anist baun nsly
soouslumsTudne nsinReu <3 Flurety uay
aussanmueendimidedunsetuiion fouans
Tuans19di 5

dl o/ U s ! U 1 o o dl ! ¥
f197199 3 ﬂ’J’]ﬂJﬁ'&lWUﬁi%WﬁN‘ﬂ%ﬁ]Uﬁ?ﬂﬂﬂﬂaLLﬁ%ﬂ’ﬁVlNTlJﬂUﬂ’NiJLﬂENME] MSDs IULﬂﬂﬁ]iﬂiQUQﬂBNWWiW

AATIEVNEAUTHEI (N=316)

ANULAL9HD MSDs; 313U (3a8ay)

Jade — 95% Cl p-value
G ADUVIEN
LN
Kigld) 116 (63.74) 66 (36.26) 1.11 0.70-1.76 0.644
‘ME@Q 82 (61.19) 52 (38.81) 1.00
21y @)
>40 116 (64.09) 65 (35.91) 1.15 0.73-1.83 0.543
<40 82 (60.47) 53(39.91) 1.00
Uszaumsalinaunineis @)
>3 189 (63.42) 109 (36.58) 1.73 0.67-4.49 0.258
<3 9 (50.00) 9 (50.00) 1.00
nsgUYVA
bALEU 161 (64.66) 88 (35.34) 1.48 0.86-2.56 0.158
linegu 37 (55.22) 30 (44.78) 1.00
nshuLeanased
Lﬂﬂﬁlll 143 (65.30) 76 (34.70) 1.44 0.88-2.34 0.146
lalpefis 55 (56.70) 42 (43.30) 1.00
seldsensaunda (UI/iieu)
>20,000 192 (63.37) 111 (36.63) 2.02 0.66-6.16 0.217
<20,000 6 (46.15) 7 (53.85) 1.00
TsaUsysshfiieatostusyuulasssnsuazndanile
a 31 (75.61) 10 (24.39) 2.00 0.94-4.26 0.070
Tl 167 (60.73) 108 (39.27) 1.00
winugildlunsvuineluane
SOUUA 78 (70.91) 32 (29.09) 1.75 1.06-2.87 0.027*
TNTUIUBUANIITI9/F A 120 (58.25) 86 (41.75) 1.00
Thminiiluwsazads @lansu)
>12 111 (66.07) 57 (33.93) 1.37 0.86-2.16 0.182
<12 87 (58.78) 61 (41.22) 1.00
nswnelow (Falue/Tu)
<3 21 (84.00) 4 (16.00) 3.38 1.13-10.11 0.029*
>3 177 (60.82) 114 (39.18) 1.00

e * Sleddy? p-value < 0.05

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 89



d‘ £y 'y 6 1 v dy Ly Ql‘ 1 v a 6
M58 4 AnuduiussEnIanssannveInduileriuaudedsie MSDs lununsnsiuanensnis Jnsien
AEAUTRAEY (N=316)

AUSSONNYDS Aandsssia MSDs; S1uay ($ova) o
. X v e OR 95%Cl
NANMLUD G AU value
wsstuile
6'1;7 124 (70.06) 53 (29.94) 2.06 1.29-3.27 0.002*
Un 74 (53.24) 65 (46.76) 1.00
USIUNBUANAT
6‘1;’1 79 (67.52) 38 (32.48) 1.39 0.87-2.26 0.171
Uni 119 (59.80) 80 (40.20) 1.00
WS ndunan
G?W 158 (66.11) 81 (33.89) 1.80 1.07-3.04 0.026*
Uni 40 (51.95) 37 (48.05) 1.00

g * ddeddyi p-value < 0.05

dl Y Qlld Qo v Y Q“ 1 £ a ¢ v (Y a
A1319% 5 Ua389N8ANUFUNUSAUAILLED 9D MSDs IULﬂU@iﬂit}jUQﬂﬂqui’] ’JL@i?%‘VWYJEJG]’JLLU?L“UQWVJO@QEJEJ
ladafin (N=316)

ANULELED MSDs; 31uau (5e8ay)

Uade a9 . s OR  ORg 95%Cl p-alue
ADUVINA

LA
e 116 (63.74) 66 (36.26) 1.12 1.07  0.66-1.73 0.787
NN 82 (61.19) 52 (38.81) 1.00 1.00

21y (V)
>40 116 (64.09) 65 (35.91) 1.15 114 0.69-1.87 0.616
<40 82 (60.47) 53(39.91) 1.00 1.00

Usraunisalvinaunsngnanisn @)
>3 189 (63.42) 109 (36.58) 1.73 145  0.53-4.00 0.471
<3 9 (50.00) 9 (50.00) 1.00 1.00

mvuedbglunsvugelUune
SOUUA 78 (70.91) 32 (29.09) 1.75 182  1.09-3.03  0.022*

INTYTULUANIY/D A 20 (58.25) 86 (41.75) 1.00 1.00

ASHANEY (Talae/ )

<3 21 (84.00) 4 (16.00) 3.38 383 1251177  0.019*
>3 177 (60.82) 114 (39.18) 1.00 1.00

ussduile
i 124 (70.06) 53 (29.94) 2.06 213 132344 0.002*
Und 74 (53.24) 65 (46.76) 1.00 1.00

= o

nuewe: * Iuddgn p-value < 0.05

90 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



a3UuazinsalnanIsAnen
1. szduauieamnsgunndanluiaUninig
szuunszgn‘lﬂsaiwLLazné’mLﬁa (MSDs)
nan1sUssifiuaudesiiondaiuninaang
L?iﬂwmqmmwe?jqﬁ’]ﬁaﬁamaﬂiww\'aqmmwéfm
mmﬁﬁmﬂﬂamﬁw‘umg@ﬂimqiwLLazﬂé’wmﬁj’a
wazlaniadunadaden1aniseAmIansn19191uYa g
NwAsNIFUaNe19ns1 wuddiulngdseduaiiy
L?imq@ Tnelansusnamdsaiuans sabnisusediy
AMULABINIINITUANENS A OANUAAUNANIT LU
ﬂ'ﬁz@ﬂimqi’muazﬂé’mLﬁjaﬂfmﬁ’smﬂﬁﬂ REBA
LﬁmmﬂmwmmﬁvﬁmqﬁﬁmmL?ﬁlmqqmﬂmaﬁmi
ﬂ%%’mﬁﬂgﬂumﬂ’]ﬁwLLawﬁﬁqq MliAoelinnsny
msthiees M518e287 nseonustanizaluvy
N3P879 FawarMEBIININNSEMEnS Yaiinday
Léﬂﬂ%ﬂﬂﬁﬂﬁ%umauﬂ’liﬂgﬂEJ’NLLﬁ%‘J’JSJﬁ?l’j\‘i%UWJUﬂﬁ
IY19H Y Imamiﬁﬂmﬁchumslumjmﬁlﬁuﬁw’m
LL@%EJEJﬂLLN"?};’]"‘] ﬂJ@QiSWQﬁﬁQUUUﬁWJ’]@JL%U\‘iqflm‘@
MSDs!*? L.LazmmL?%mqumwmam%ﬂfﬁmm
Fuwus fun15UIANE9909ussuTionntsInie

16) & 2
LUBIYINATTNINIUY

swRansIuYy snindeudnetag
Tudnwaziiazdmalifnnsuiavdduanddsennld
aldlasunisudlatiesiu dessanululsanungudy
Adnsagundinuguifnisalveslsavinndsdinay
ﬁwudﬂqaﬂdﬂumjmﬁﬁvi’mwmiﬂ/’f’muﬁm’mLﬁaamq
nsemanige’” Ssnsnudnneasnsdanadegs
Uaamdediuans 1w uavdeiievdedle dusonndes
ﬁumim'ﬁﬁﬂmﬁwmmﬂmﬂwmmrggﬂqﬂsmvvﬁﬁm
Frodnvarauinesinisindeulmidng fiflouay
Foflo nMstutouazideaddiuiaiuiug vas
LAAeud LY T oTuENe einlfiAnnsUan
USLI LU LAEVAIEINA AU LT ULAEIAULTIY
Tulssnugnanist™?

2. Tadeniinnuduiiusivadnudesgesia MSDs
NNNTIATEATINYDADBLUUUNAFIUS
WU’jﬁ]ﬁaL?{&NGiamil,ﬁmmmﬂmﬂﬂﬁmﬁzwﬂiz@ﬂ

1AS9519hazNAULLD Lawn Ja38n1svUEe19InIs)
TUvnemesagud NSWNRBY <3 97lu9mau way
wssUUTioNmNIINTEIU WA IAUNTNUANILLDY
LSIVBINANULLDVINANFUNUS A UANULALIADDINNS
AAUNANITEUUNTEANTATIS1IMAENA 11BN
NTIATILVRUUAILUTALY F9au508BUIEAUNGY
Jadulamatl
AUANYMEEIUYAAS ANUNITANYIENUIN

NBAINIVNEUENTENINTEBRUUUNALAeT o

a P ~ - 1 Y| a
wae 45 U laglinavgawavinavigagludndiud
Tnddatudadusminurasuszannsid lnensane
dy 1 1 [} 1 [} % & QAI 1
Hlinuinladuaiuunraduiusivanundesie MSDs

1 v Y aadada [~ [ d‘u Y4
widadeanuiddinnsauaguamiudadenduius
psltpdAyNIada AenulunisAnuiiiinunsns
MinWeudesndt 3 Falussiadu dadnuldegendn
Ju 3.83 wihwesnguiindouunndt 3 Halussaiu
=~ 'Y} ° A o vaaaada o '
WDINANWULNSYINIUNYIN AL DTIAT A NH
NDNINDU° Ad SrevIalunsvinueglugisim
NAa19AUABLLR9D9Ia1NANIY HBIANFUDAUBY
wnweulailunan aunsaensdulvgjazidueunaus
WA Usednidasijyl LasAuuaunauiiesdy vse

[ d’ S <@ v d’ \/L a (19)
NaILNYIAULANU BELNBaanlUNTABIINTA

' < a = a0 & A aAa
28149L5AMUBITNNTAL1INTT DI TUNTNATIAINU
ARNYARINUDITNNYIUNALLDIAIEINTIM bUNITYINITU
Alnaesiu nn1sANEIY9 AU Unue wass way

(20) & ] s o |
NNUIN q@aqﬂﬁ/n\'iﬂ’]iLLWV]EJVW]'N']uafNL'JaW

ALY
fanudssnenisinanuiaunissuulasesnaay
ndaifoannisiaudu 1.62 winvesnguitl
Fuasanilitinsnreuilifisse Sslaeund
$enevesausiinufeInsnsueunaulneads
Uszana 8 Talusraiu wasiuaudalusuesnis
waunaue1szuanalUluwsazyaraninengLas
ANNANTTNINUTBITNMEY DNAISANTIRILINTINY
mdmnmseaveueay axvnlinaildienisney
auotUfAsenvziiniu® Tnsniseaueuiinane
AMILASEALRNTY F9rruLAseniiaduduRug iU
n1siinAuRaUNAYeITTUUNTEYNLATIT 19UAEY

AanuLam N le @

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 91



UDNIINTUANULTILTIVD95 19N 8s T
UadeideaniddAgresein1siauniniessuunsean
1A99198azNAUHLe LR TAgNUIANTTONINVDILT
wilgavin wazusaduilon duiusiunnudesg
YDIANURAUNANTZUUNTEANIATITUAENAULLD
a5u1eln11n15RNIaNA UL B US LIUTNIEBNLIINN

1 -dl 1 v v dﬂl 14 =} dﬂl 5 -q!
sollasdanaliinanyiiiafeenisden lUldssunndu a9

= b4 = £%4 4 dy a = A

A1503AY19ABITNSITLSIINNA UL LBUS UL 9YS D
Toile wyuegwwialiles lnglinsoenutsensennieile
AU 919 WarVUTYINNUANADAULIUNINAT 2 Tl
TnglifinnsHaumaNenIaNISId9IUBNLSILUUADS
(Static load) viidenlraisuiignauilelatey
a4 danaliilonnns Uam v0 Wiey Ushudaw flevise

Jafomuula?

YBNINUUNANITANYINDUNTY
N91897U WS B NDYANFINA T ANUAURUS AUNS
UIANSId 8819900 g U TN 1Y

> ~(24)

W5IULEUEN? warwsUndunv YsawsUNdeANSa

d‘o‘ U % 6 a A o
NAT JUNUTAUNITNA MSDs qumummumuq

(25) t4 a 1 dy"L a
LHUDIYWLUARTULNUNTIBDALLINNY

WU 81ANAS
< Yy Y A ) soj

1 ndnm Inanznsldtionazdedialunisvieugie
Tumiﬂ%mwmmwmmﬁﬂgﬂmwmﬁ F95ANY
d‘ 1 ‘é v (Y} 1 [ I3
\deegasio MSDs Beaennaasiulunguissnuinman
Uaonta1szuuilaleniwssduiloNadunus fu
nsUnvaiiovsedaiie™

AudadenN15719U NUINNYATNIHUGN

e v v =~
PN agURtuNsTUdNee9nIs lUe Teny
desgssia MSDs Wu 2.13 wihweanguitldldsosud
Tumsvudne asulelnainUsuiaBuanunasaiides

P A | A
29NUIRRELTINTENBVUldTeUA bUYNE LHlpaan
saeus blarursadlndgaiivun ugraniad ou
8191151 AR sYIhausunsadesTanlusses
Inandinguildsasdanaesdnseueud dan1sfiny
PHIUIINUINGURTINUNTTIUILATIVOINTENENY
TanI N MIen1senvesiuImtnuInlay

(23)

Fuussunisuintiugien® waznisulrnnasaiuans

”Lg]’(lé)

3. JaduanusivanisunbuTdUslevd
1). Yoyasulafenduiusiuanuidesse
JPUUNTEANIATITNLAZNALTRINUASNAINLEYS
Giaqmmwsluﬂfj:uLﬂwmmijﬂgﬂmmﬁwﬁ 115010
Y D (v Ql'
TUlt JusumalunsEns e lng N uan AN UL
AeANRATTUUNTEANlATITIsagnduielungy
NuRINIHUANE19NTTIle W n1sdnmaunsalyle
Houusdlunisen vwefoudly Natvayulngsnns
A A P v a
Anedaaluiaany
2) Lﬂwmiﬂiﬁﬂgﬂmwmiﬁﬁﬁvhmﬂumi
aungne) Tun1svingunsees Tnslanizusniie
Y A A v a a P X A "
wazdoilondmaliszdnsnmuainaiuiledisaglu
SEAUNANLIN LAZNISNNHDUN LRGN JIFUDLUL
I mdfa1515ay n3oNeIuaeNTIeUNTY
TanuzisoiwatnnszninsuLioanni1singa
Yasnanuiialunisvinauy naniniviansauesliowas
WU DEMUBY 10-15 W91 LaTAILESUNTERNANRINIY
LASUAS 19IPT URINALTLD
3) YUARINSNINUNITUANELALNTENTTOUEY
asduasuguamlviuineesnsyMaugiuUdey
WOANTTULALIAINNITNIY WU N15TRDUTUAIY
ANSUANEASLAEINUYINNIINISHIUAALIZEL NS
gunsallunisriouwseiglunisen vuwadaude
4) LHU991NTRINNAYDINITANYILUUNIA
Y] S Ve oA a X
ARYI19 UNTN1sARUAINANIANYDIDINTNARTY
| A a . av o
Tugasinuineainug Recall-bias Mliaunsasey
ladndeatadefinuindinans MSDs taenseusaly
U og.l/ = 1 v = a
satiunsAnwsteluaasldsuuuunsinwinuuianiy
LudramtdniengUigselnduazssydadeane
YBINIAALIANITEUUNTEANLATITIUAZNAUL D
TadmauunnIu

AnANTIuUIENA
AdeillaTusvUssanaaduayuaindin
NSIBUNINF (3%.)

92 Nsanswadanisunngiarnea nditn x U7 32 atuil 1 @ UnSIAY - Weeu 2563



LONE15D19D9

1.

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020

Social Security Office, Thailand. The statistics
of occupational injuries or illnesses [Internet].
[cited 10 September 2019]. Available from
http://www.sso.go.th/wpr/uploads/uploadim-
ages/file/accidentanalyze2561.pdf.

Health Data Center. Occupational and
Environmental disease [Internet]. [cited 10
September 2019]. Available from https://
hdcservice.moph.go.th.

Department of Environmental and
Occupational disease. Statistics of work-
related musculoskeletal disorder- situation of
occupational injuries and illnesses of worker
2018. [cited 10 September 2019]. Available
from http://envocc.ddc.moph.go.th/uploads/
situation22561/2561/ 01 envocc_situation.
pdf

Chaiklieng S. Suggaravetsiri P, Peungsangpan
S, Trinwuttipong K. The prevalence and
severity of occupational diseases among field
crop farmers in Nongbualamphu Province.
J Disease Control and Prevention 7 Khon Kaen
2019; 26 (1): 77-86

Osborne A, Blake C, Fullen BM, Meredith D,
Phelan J, McNamara J, Cunningham C.
Prevalence of musculoskeletal disorders
among farmers: A systematic review. Am J Ind
Med 2012; 55:143-58.

Joomjee R, Bureelerd O, Songserm N,
Theppitak C. Prevalence of musculoskeletal
symptoms among the Para-rubber farmers
Thailand. In: Proceeding of the National
Ergonomics conference, 15-17 December
2016, Medical Faculty, Suranaree University,
Nakhon Rachasima, p.1-10.

10.

11.

12.

13.

14.

Bensa-ard N, Tuntiseranee P, Anuntaseree S.
Work conditions and prevalence of
musculoskeletal pain among Para-rubber
planters: A case study in Tambon Nakleua,
Kantang District, Trang Province. Songkla Med
J2004; 22(2): 101-10.

Chaiklieng S. Work physiology and ergonomics.
1" ed. Khon Kaen: Khon Kaen University; 2014.
Jaijong P. Risk factors of upper extremity
musculoskeletal disorders in rubber tapper
workers [Master thesis in M.N.S. Occupational
Health Nursing]. Chonburi: Phurapha
University, 2014,

Office of Agricultural Economics. Statistics of
Agriculture in Thailand. (2017). [Cited 10
September 2019]. Available http://www.oae.
go.th.

Office of Agriculture, Ubon Rachatani,
Department of Agriculture extension. Propor-
tion of Para rubber planting (zoning) [Internet].
[cited 10 September 2019]. Available from:
http://www. ubonratchathani.doae.go.th.
Hsieh FY, Bloch DA, Larsen MD. A sample
method of sample size calculation for linear
and logistic regression. Statistics in Medicine
1998; 17(4):1623-34.

Thetkathuek A, Meepradit P, Sangiamsak T. A
Cross-sectional study of musculoskeletal
symptoms and risk factors in Cambodian fruit
farm workers in Eastern region, Thailand.
Safety and Health at Work 2018; 9(2): 912-22.
Chaiklieng S, Suggaravetsiri P, Phokee W. Risk
factors, ergonomics risk and prevalence of
back pain among electronic workers. The KKU
full research report. Khon Kaen: Khon Kaen
University, 2015.

93



15.

16.

17.

18.

19.

20.

94

Chaiklieng S, Pannak A. Health Risk Assessment
of Shoulder Pain among Electronic Workers.
J Public Health 2017; 47(2): 212-21.
Chaiklieng S, Juntrathep P, Suggaravetsiri P,
Puntumetakul R. Prevalence and ergonomics
risk factors of low back pain in garbage solid
waste collectors of Nongbou Lampoo local
administrative organization. J Med Tech Phy
Ther 2555; 24(1): 97-109.

Chaiklieng S, Homsombat T. Incidence and
postural risk factors for low back pain
among informal garment female workers.
Advances in Intelligent Systems and
Computing 2020; 967: 222-30. Cham,
Springer. DOI: 10.1007/978-3-030-20142-5_23.
Natun N, Natapintu K. The muscle pain of
workers the rubber plant: A case study of
plant in Udon Thani province. Research and
Development Health System J 2015; 7(3),
178-83.

Rubber authority of Thailand. Office of the
rubber replanting aid fund, Ministry of
Agriculture. Work practice of planting. Search
10 September 2019, 310 http://www.raot.
co.th

Polyong P, Kongsombatsuk M, Sangsrijan W,
Samanusron K. Prevalence and factors
affecting the work-related musculoskeletal
disorders among hospital staff of a hospital
in Rayong Province. Disease Control J 2017;
34(3), 280-92.

21.

22.

23.

24,

25.

Philip P, Taillard J, Sagaspe P, Valtat C,
Sanchez-Ortuno M, Moore N, et al. Age,
performance and sleep deprivation. J Sleep
Research 2004; 13: 105-10.

Chaiklieng S, Sugsgaravetsiri P, Sungkhabut
W, Stewart J. Prevalence and risk factors
associated with upper limb disorders and
low back pain among informal workers of
hand-operated rebar benders. Advances in
Intelligent Systems and Computing 2020;
1026: 611-8. Cham, Springer. DOI: https://
doi.org/10.1007/978-3-030-27928-8 93
Chaiklieng S, Riabroi W, Puntumetakul R. Risk
factors of repetitive strain injuries among
workers of the stone sculpture industry,
Chonburi Province. KKU Res J 2556; 17(2):
325-37.

Homsombat T, Chaiklieng S. Physical fitness
and muscular discomfort among informal
garment female workers in Udon Thani
Province, Thailand. J Med Assoc Thai 2017;
100(2): 230-8.

Chaiklieng S, Suggaravetsiri P. Risk factors for
repetitive strain injuries among school

teachers in Thailand. WORK 2012; 41: 2510-15.

Mnsasmeadansunnduazniannintn x U7 32 aUUf 1 @ UnSIAY - WWIEY 2563



213619
) A

MANANISHNNE LATNI8ATINUIU A dnwusdualy

JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY ORIGINAL ARTICLE

HaYaIN s IemUBanguLazn1598nANaINIENAULTBLNUNAINAIAT
ABIZAUAMNUALUIN STAUNTBIANNENNTakaTANEnEuYaRI LU
91N15U2AnAEUABTA I8 ASANYITAaatiadinTdy

FuunulennAu', unelegwWu’ uay ganwe Ygusznau”

Received: November 7, 2019
Revised: February 15, 2020
Accepted: February 25, 2020
UNANED
a - | @ ad = aAa ) = = v P &
nsanmugaveuluisnilamienldlunsinvimsualuneiniasUligseuunaanilenaznsegn
agnslsiony man1ssnwAtisemstavasduasiialidimnzanzatdussesAadeundumenisinmnugavey
galifindngunsfnwdudunaidmiau nsfinwiaselilingUssasdiiayssliunanisinwsiuseninamsiiaumy
ganguiun1sINEILUIBYINEYADIEAUDINITUIN TEAUNTBIANLAINITOLAEANUTANEUVDILEY Toendunns
Anwndmnaesilainisdy nsgvilueanasinsiiludiiseinisuianasdiuarsialidnmnzinizadussesis
Weunwau (6-12 dUnv) druau 84 au Wumane 36 Auwazinandgs 48 au ananadaslunguaruaulasunis
Shwvlineysnullenrelasuadumiledeuasnseanmdinenduiiownunaneasia diunguneasdlasunis
v v A = = & 1 Q’Jl 1 Y [ [ 3 gj I3 [ &
Shwmuafuriiadsaasinugangu lnesaenagulasunssnuduavias 3 asulussesiian 2 Uav fuus
Malunsuszdiulaun visual analog scale (VAS) iiaUszifiunisildsundasszauanuiduuan sl OsWestry
disability ieUsziiun1sivasullasanunsasmuansalunsvimiilaznsnagaulviuasuinnnulas
WaUsziuAUEAVEUTDIUTIANDY Kan1sANYIMUILdSsUWsuNelunguseRueINIsUIn LagAUNTes
ANNENNNIAnAsRE N A Ay eatiA St uEavEuUTnaeITNTNRE N liTdAeEin (p < 0.001)
Ao &l ) ¢l ~ ~ ~ | | ' | ~ )
dUamnaesazdunving Tuvaeiinisiouiiguseninengunuiingumeasdinisanasuedseiuainisuan
LArAUNTIANENNSRE1ldudAVeaia saudinsiiuduvesnudanguverategaltud Ay
adangludUanvindwingu (p < 0.001) aguranisiny) Mssnwimemlanguivadumilodeadiusednsam
TunsshwlaameadsiuaduniiadssiunisesniainmenduiilownunatsamlugUieUinvdsadiuaissiin
Tdamziangas

AdnAgy: Uiandsdiuansnuuliinizas dda nseeniiainienaiuiioununasaii paumieides

! AAATINEANERSNSANILAENNTEENMAINY TTIRINeEe uninedereulny Ussmndalne

2 nAIER TN Wningandemalulagnisunng g1es Ussinaiewsns

‘anedrnien e pugmadan1sinmg unineideveunnu Ussindlng

“HuilnYeUUNAIY

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 95



213619

5 = o L4 a ¢ v LY

d L‘Vlﬂ‘uﬂﬂ’]ﬁLLW‘VIEJ‘LLazﬂ’lEJﬂTW‘UTUﬂ UNUITAURUU
Y, Do o
l"?‘fmnﬁ\\

JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY ORIGINAL ARTICLE

The effects of elastic taping and core stability exercises on pain
intensity, disability level and lumbar flexibility in sub-acute

non-specific low back pain : a randomized controlled trial

Khin Nan Ohnmar Win', Myo Thuzar Khin* and Yodchai Boonprakob™

Abstract

Elastic taping (ET) is widely used in sport injuries and patients with musculoskeletal problems,
however, the effect of ET is not very clear in patient with sub-acute non-specific low back pain (NSLBP).
The objective of this study was to investigate the combined effect of ET to conventional treatments
on pain intensity (PI), disability level (DL) and lumbar flexibility (LF). This study was a randomized
controlled clinical trial. Eighty four (36 males and 48 females) patients with sub-acute NSLBP were
recruited and were divided into 2 groups. The control group, patients were treated by ultrasound and
core stabilizing exercise (CSE), whereas patient of the intervention group were treated by ultrasound
and ET. Both groups were treated three times per week within 2 weeks. Visual Analog Scale (VAS) was
used for measuring pain intensity. Oswestry Disability Index (ODI) was used for determining functional
disability. Modified Schober’s Test (MST) was also used for measuring lumbar flexibility. The results
demonstrated that there are significant pain reduction and reducing disability and significant improving
in lumbar flexibility in both groups when compared the baseline with the second week and with the
fourth week (p < 0.001). There are showed better improvement in the intervention group, but there are
also significant relief of pain and decreasing disability and increasing in lumbar flexibility between groups
after intervention and at the fourth week (p < 0.001). In conclusion, ET and US or US and CSE had

therapeutic effects similarly for treating patients with sub-acute NSLBP.

Keywords: Non-specific low back pain, Elastic taping, Core stability exercises, Ultrasound
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Introduction

Low back pain, one of the major health
problems around the world, is a musculoskeletal
concern. It is described as pain, stiffness and
muscle tension on the place under the costal cage
to inferior gluteal fold, with or without sciatica (leg
pain)?. 60-80% of adults are experiencing low
back pain in their lives time with high incidence
and prevalence relatively”. Almost 85% of low
back pain is considered as non-specific cases
because of its unknown origin or pathoanatomical
causes". NSLBP is defined as low back pain (LBP)
not attributable to a recognizable, without known
specific pathology (eg, infection, tumor, osteoporosis,
lumbar spine fracture, inflammatory disorder,
structural deformity, radicular syndrome, or cauda
equina syndrome)”. Identification of “red flags”
is used as indicator and if the patients have no
“red flags” signs, it is considered as non-specific
low back pain®.

In back pain management, pharmacological
and non-pharmacological treatments are widely
used6. Although these treatments are in hand,
pain does not heal within 6 months. In most
people, the pain and associated disabilities persist
for months; however, only a small proportion
remains severely disabled. For those whose pain
does not resolve completely, recurrence during
the next year is very common?. Therefore,
clinicians become sought different types of
treatments for low back pain and elastic taping
become potential treatment as it improves pain
in musculoskeletal problems”.

As the elastic taping is a new trend of
management for the musculoskeletal problems
with its improving adjunctive effect to the

conventional therapy® and it either has immediate

improvement on pain and disability or substantial
improvement on functional endurance only after
first week of application”, we interested to study
its pain improving for immediate and substantial
effects on low back pain. In the previous time,
elastic taping was used mainly for acute
musculoskeletal problems as in use of sport
medicine™. But, nowadays, it’s usage in pain
management is very popular because most of the
patients reported that they satisfied to receive
elastic taping as a conjunctive treatment with
other treatments or elastic taping alone™”.

As the main problems of non-specific low
back pain are pain and disability””, we interested
the possible effects of elastic taping on pain and
disability caused by low back pain. The VAS is a
ruler, usually contains 10 cm and anchored by
two ends of: no pain on the left end and worst
pain that can be imaginable on the right end"?.
VAS is reliable to use to assess pain intensity in
acute stage as well as for accessing the pain
intensity of chronic stage “*'*. Oswerstry Disability
Index (ODI) or Oswestry LBP Disability Questionnaire
is one of the most common useful outcome
measurements for LBP in the clinical setting. ODI
is a principal-tools that measure condition-specific
outcome and widely used in the assessment of
spinal disorders. It is a vigorous and valid
measurement tool and becomes worldwide
outcome measurement. It is a good specific
outcome measurement in the subjects with LBP"™.
Modified Schober’s Test (MST) is widely used as
a universal test for measuring lumbar movements
in the sagittal plane. It is mainly used to test the
lumbar flexibility in back pain and other lumbar
problems like ankylosing spondylitis (AS). It has

been modified from the original Schober’s test by
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Macrae and Wright in order to observe the
significant difference in the skin movement
respective to the spinous process under it
There are other tests like goniometry and
inclinometer, etc. Among them, MST is widely
used to evaluate function of lumbar spine. It has
been mentioned that MST is highly reliable for
measuring lumbar ROM"”. On the other hand, core
stability exercises (CSE) are very good at reducing
pain and disability in back pain for the short

“® As the core muscles give stability to

term
proximal part and mobility to distal part, it is the
most appropriate intervention to treat non-specific

19 Core stability exercises are

low back pain
widely used in Myanmar for treating low back pain
in clinical setting. As the elastic taping alone
cannot give long term pain improving, reducing
the recurrence and there was no study which
combined core stability exercises with the elastic
taping for improving symptoms of low back pain.
In this study, therefore, we studied the short-term
effect of elastic taping combined with core stability
exercises in sub-acute non-specific low back pain.
We hypothesized that a combined treatment
should be given better effect than one treatment

in these patients.

Material and Methods
Design and setting

This study was a randomized controlled
trial, a single blinded, assessor blinding with intention
to treat analysis and it was conducted at the
Department of Physical Medicine and Rehabilita-
tion, North Okkalapa General Hospital (NOGH) and
Yangon Orthopedic Hospital (YOH), Yangon,

Lower Myanmar. | collected data from June 2018

and finished it at the end of February 2019 after
receiving ethical approval from Khon Kaen
University and approval from Institutional Review

Board of University of Medical Technology.

Participants

The sample size was calculated using pain
intensity of VAS score in the previous study that
measured the effectiveness of elastic taping for
59 subjects with chronic non-specific low back
pain, the intervention group (IG) = 30 persons or
and the control group, (CG) = 29 persons’. The
average mean of post-test VAS score for the
intervention group (p ) = 4.7 with the standard
deviation of (Om) =1.4 and the average mean of
post-test VAS score in the control (sham taping)
group (u_ ) = 5.6 with the standard deviation (O_ )
=1.4. Ratio (control/treatment) = (r) = 1, signifi-
cance level = alpha (@) = 0.05(z , =z . =
1.959964) and a type Il error probability = beta
(B) = 020, (z 4=z, = 08416212) and A =
M, -H_=647-56=-09 (A°=0.81) were used to

calculate the sample size as follow:

2
2
2 )
(o) ]

Ngre = A2
Nire
2
(1.959964+0.8416212)2[(1.4)2+(1+)]
o 0.81
_ (7.8488796329)(3.92)
0.81
— 30.7676081608
0.81
= 37.9847~38

= 42 (with 10% drop out)

Therefore, a total of 84 persons were

chosen for this study.
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Eichty-four participants, 30-59yrs, both
sexes, with sub-acute (6 weeks to 12 weeks)
non-specific back pain (SNSLBP) with or without
leg pain who voluntarily participated were recruited
into two groups by computerized randomization
of balanced allocation in the intervention group
(IG) and the control group (CG) for 14 blocks using
Win Pepi software and each block consisted of 6
participants. They complained pain more than 3
times per week with or without previous history
of low back pain. Pregnant patients, patients who
has malignancy, history of surgery to lumbar spine,
red flags sign (eg. cancer, major trauma, bladder
and bowel dysfunction) and/or allergy to elastic

taping were not included in this study.

Procedure

A total of 586 patients were selected from
the North Okkalapa General Hospital (NOGH) and
Yangon Orthopedic Hospital (YOH). The data was
collected from June 2018 to February 2019.
The participants were examined by the
rehabilitation medicine physician, then they were
screened by their pain level. All the patients
whose pain were 57- (moderate pain intensity) on
Visual Analog Scale (VAS) were selected in this
study. Before participating in this study, the
patients signed informed consent form. All the
participants were assessed at the baseline by
using Visual Analog Scale (VAS), Oswestry
Disability Index (ODI) and Modified Schober’s Test
(MST) after allocating into two groups by
computerized blocked allocation, 42 participants
in each group. The participants in the intervention
group have been tested for allergy to ET (applied
piece of ET to the participant’s skin and let it on

skin for 30 mins and checked the area for allergy

such as redness, itching, etc.). They received
ultrasound therapy (US), core stability exercises
(CSE) and elastic taping (ET). The participants in
the control group received ultrasound therapy
(US) and core stability exercises (CSE) (Figure 3).

Taping application

In this study, Helio Olympia Kinesiology
tape rolls were used. The place to apply ET was
shaved (if needed) and cleaned with alcohol.
Participant was sitting on the chair with feet
supported fully and bending forward as much as
he/she could. The tape was applied to the site of
pain by four I-bands technique with 25%-30% of
maximal stretch, the first band was horizontally,
the second band was vertically and the third and
fourth were crossed to get the star shape.
The tape remained in place for 2 days and applied

6 times during total two weeks of intervention.

Ultrasound Therapy

In this study, Metron Accusonic Plus
Ultrasound Therapy Unit, Model AP 100 from
Metron Medical Australia Pty Ltd, Austria was used
and (US) therapy was given to the site of the pain
with frequency 1 MHz and intensity 1 W/cm? for
5 mins in circular motion in prone lying position

to all (84) participants.

Figure 1 Application of elastic taping for participants

from intervention group
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Figure 2 The use of ultrasound therapy on the

site of pain

Core stability exercises

CSE training included pelvic tilt, bridging
with knee extension, trunk curl (Crunch), double
legs abdominal press, cat and camel (back raise),
quadrated arm/leg raise, and arm/leg
raise exercises. Each exercise had to performed
with 5 repetitions after receiving US therapy. All
the exercises must be performed under careful
supervision and must be recorded in participant’s
record form®.

Ultrasound therapy and core stability
exercises were given by the physiotherapist from
the hospital who was assigned as one of research
assistants for this study and elastic taping was
performed by the principal investigator. The
treatments were given 3 times per week for two
weeks and participants performed CSE 5 days per
week for two weeks. Pain intensity (PI), disability
level (DL) and lumbar flexibility (LF) were assessed
at the baseline, after all the treatment (second
weeks), and at the fourth week again at follow up
session to know the retention effects and

compared within group and between groups.

586 LBP patients —>| Assessment for elizibility ‘
from YOH and

NOGH
n =84
| Sien informed consent |
Randomization
1G (n=42) ET, US & CSE €6 (n=02)
Test (Allergy to ET) UsS & CSE
0 week (n=42) 0 week (n=42)
[ Baseline sssessment Baseline assessment [
I } I
% The second week The second week %
£ (n=42) (n=42) £
5] a
- {After intervention) {After intervention) Y
The fourth week The fourth week
L (n=42) (n=42) N
(Follow-up) (Follow-up)

Figure 3 Flow chart of the study
(PI: Pain Intensity; DL: Disability Level;
LF: Lumbar Flexibility; 1G: Intervention
Group; CG: Control Group)

Statistical analysis

The data were analyzed by Stata MP 15.1.
The descriptive statistics were presented as
frequency and percentage for categorical variable
and as summary statistics such as mean (SD) for
continuous variable. The data distribution was
assessed by Kolmogorov-Smirnov normality test.
| used Mauchly’s test for sphericity to test
homogeneity of variance. If data passed this test,
sphericity was assumed; however, if data failed
this test, Greenhouse-Geisser modification was
applied. A two-way mixed model analysis of
variance (ANOVA) was performed to detect
differences for the outcome measures with groups
(the intervention and the control groups) and time
(at baseline, the 2nd week and the 4th week

follow-up) as the independent variables. When a
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significant group into time interaction effect was
detected, independent t-tests were performed to
determine magnitude of mean differences
between groups at each time point period.
One-way repeated measure ANOVA was
performed to find out differences for VAS, ODI and
MST as the repeated measures at baseline, the
2nd week and the 4th week follow-up.
Furthermore, if there was a significant time effect,
dependent t-test was used to compare mean
magnitude of each time with baseline. All test
statistics were two-sided and considered as
statistically significant for a p-value of less than
0.05.

Results

All the baseline demographic and clinical
characteristics of the participants in both groups
were very similar in this study. Some data were
tested by statistical analysis, for example VAS, ODI,
and MST which did not show a significant
difference (Tablel).

One-way repeated measures analysis of
variance (one-way ANOVA) was run to determine
if there were differences in pain intensity measure
(VAS), disability level measure (ODI) and lumbar
flexibility measure (MST) between baseline and
follow-up periods for each group and the results
revealed that there were statistically significant
differences in mean VAS (F(Z‘ . 211.55, p < 0.001
in the intervention group and F(z, o = 84.64,
p <0.001 in the control group), mean ODI (F o o
= 122.26, p <0.001 in the intervention group and
F — 55.49, p < 0.001 in the control group) and
mean MST (F — 122.26, p < 0.001 in the
intervention group and F —_— 29.89, p < 0.001

in the control group) in both groups. Pair-wise

comparisons using Bonferroni recorded that both
groups have significant reduction in pain intensity,
disability level and increasing in lumbar flexibility
from baseline to each follow-up period (Table 2).

Two-ways mixed analysis of variance
(two-ways mixed ANOVA) mentioned a statistically
significant group and visit (time factor) interaction
effect on pain intensity (F b e = 37.07; p <0.001),
functional disability (F(z, oo =231 p< 0.001) and
lumbar flexibility (F o e = 29.6; p < 0.001). It was
found out that the statistically significant
reduction in VAS, functional disability measure
(ODI) and lumbar flexibility measure (MST) in
treatment group than in control group, at both
second week and fourth week while conducting
multiple comparisons between intervention and
control groups at each time point using independent
t-test.

The mean differences in pain intensity
between the intervention and control groups
were: 1.8 (95% Cl: 1.2 to 2.4; p < 0.001) at second
week of intervention and 2.2 (95% Cl: 1.6 to 2.8;
p < 0.001) for fourth week of intervention , the
mean differences in functional disability between
the intervention and the control groups were: 11.6
(95% Cl: 7.1 to 15.9; p < 0.001) at second week
of intervention and 15.0 (95% Cl: 10.3 to 19.7; p
< 0.001) for fourth week (follow-up) and mean
differences in lumbar flexibility between the
intervention and control groups were: 1.4 (95%
Cl: 0.9 to 1.9; p < 0.001) at second week of

Discussion

In this study, pain intensity at rest was the
primary outcome. Other outcomes were functional
disability and lumbar flexibility. The results in this

study provided statistically significant reduction in
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pain intensity at rest (VAS), functional disability
(ODI) and lumbar flexibility (MST) in both groups
when compared the baseline with the second
week and compared the baseline with the fourth
week. However, there were significant pain
reduction, disability reducing and improving
lumbar intervention and 1.9 (95% ClI: 1.4 to 2.5;

p < 0.001) at fourth week (follow-up) (Table 3).

flexibility in both groups, after two weeks of
intervention, but the results showed statistically
significant differences in the intervention group
when compared with the control group immedi-
ately after the intervention and at the fourth week

or follow up assessment.

Table 1 Baseline demographic and clinical characteristics of the participants

Characteristics Intervention group (n=42) Control group (n=42)

Age (years), mean £SD 41.218.8 42.3%8.1
Gender, n (%)
Male 17 (40.5) 19 (45.2)
Female 25 (60.0) 23 (54.8)
BMI (kg/m2), mean £SD 23.913.1 238129
Education, n (%)
Illiterate 2(4.8) 3(7.1)
Primary School 9(21.4) 7(16.7)
Middle School 7(16.7) 8(19.1)
High School 12 (28.6) 10 (23.8)
Above High School 12 (28.6) 14 (33.3)
Occupation, n (%)
Sedentary 27 (64.3) 24 (57.1)
Manual 15 (35.7) 18 (42.9)
Marital Status, n (%)
Single 18 (42.9) 13 (31.0)
Married 24 (57.1) 29 (69.1)
Previous History of LBP, n (%)

18 (42.9) 21 (50.00)
Negative
Positive 24 (57.1) 21 (50.00)
Sciatica, n (%)
Negative 27 (64.3) 34 (81.0)
Positive 15 (35.7) 8(19.1)
VAS, mean £SD 5.910.8 5.810.9
ODI, mean £SD 46.8115.1 45.4%15.5
MST, mean £SD 25115 2.6%1.4
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Table 2 Differences in pain intensity on Visual Analog Scale (VAS), disability level on Oswestry Disability
Index (ODI) and lumbar flexibility on Modified Schober’s Test (MST) of sub-acute non-specific

low back pain patient’s baseline, the second week and the fourth week (follow-up) by the

intervention and the control groups

Bonferroni
Outcome Period of
Group Means difference (95% CI) | p-value
Measure intervention
The intervention Week 0 vs 2 4.4 (3.8, 5.0) <0.001
Visual group Week 0 vs 4 4.7(4.1,5.4) <0.001
Analog Week 0 vs 2 25(1.9,3.2) <0.001
The control group
Scale (VAS) Week 0 vs 4 2.5(1.8, 3.2) <0.001
The intervention Week 0 vs 2 32.1(26.0, 38.2) <0.001
Oswestry group Week 0 vs 4 355(29.4, 41.6) <0.001
Disability Week 0 vs 2 19.1 (12.2, 26.0) <0.001
The control group
Index (ODI) Week 0 vs 4 19.0 (12.1, 26.0) <0.001
The intervention Week 2 vs 0 -3.0 (-3.6, -2.3) <0.001
Modified group Week 4 vs 0 -3.3 (-4.0, -2.7) <0.001
Schober’s Week 2 vs 0 -1.4(-2.2,-0.7) <0.001
The control group
Test Week 4 vs 0 -1.3(-2.0, -0.6) <0.001

The minimally clinically important change
(MCIC) for pain intensity of sub-acute non-specific
low back pain (SNSLBP) and chronic non-specific
low back pain (CNSLBP) is at least 20mm on
100mm VAS®". In our study, pain intensity on VAS
cores were 5.9 at the baseline, 1.5 at the second
week (immediately after intervention) and 1.1 at
the fourth week (follow-up) in the intervention
group. In previous study, researchers reported that
MCIC for ODI was score of more than or equal to
10 points in all types of LBP*?. In our study, ODI
score which represent functional disability were
46.8 at the baseline, 14.7 at the second week
(immediately after intervention) and 11.3 at the

fourth week (follow-up) in the intervention group.

There is overall improving in lumbar flexibility
seen in the intervention group. It means that our
results reflect both statistically significant change
and MCIC when we compared the baseline with
the second week and the baseline with the fourth
week.

Although, nowadays, the ET methods are
becoming very popular, the background
mechanism of the effects of ET in treating
musculoskeletal problems are still unclear®.
There were some previous studies about ET
focused on pain of Achilles’ tendon, shoulders,
knees, acute low back pain (ALBP) and chronic
low back pain (CLBP). The reviews were

consistently concluded that there was no great
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23-25)

conditions' . researchers studied about the

effect of ET in CLBP and reported that ET could

quality evidence of the use of ET in management
of musculoskeletal problems despite the
short-term pain reduction effect of ET. They alleviate pain and normalize muscle function.

mostly focused on CLBP and its related

Table 3 Differences in pain intensity on Visual Analog Scale (VAS), disability level on Oswestry Disability
Index (ODI) and lumbar flexibility on Modified Schober’s Test (MST) of sub-acute non-specific

low back pain patients between the intervention and the control groups at each visit

Independent t-test
Outcome Period of Mean t -statistic | p-value
Group Mean £ SD
measure intervention difference (95%
(@)
0 week Intervention 5.8 +0.8 -0.02
-0.1 0.894
Control 5.9 +0.9 (-0.4, 0.3)
Visual Analog | The second | Intervention 1.5+1.3 1.8
6.0 <0.001
Scale (VAS) week Control 33+14 (1.2, 2.4)
The fourth Intervention 1.1 +£1.0 2.2
1.3 <0.001
week Control 33 +1.5 (1.6, 2.8)
0 week Intervention 46.8+15.1 1.5
0.4 0.664
Control 45.3+15.5 (-5.2, 8.1)
Oswestry The second | Intervention 14.7+8.8 11.6
S 5.2 <0.001
Disability week Control 26.3+11.4 (7.1, 15.9)
Index (ODI) The fourth Intervention 11.3 9.5 15.0
6.3 <0.001
week Control 26.3+11.9 (10.3,19.7)
0 week Intervention 25+15 0.1
0.3 0.767
Control 26 +1.4 (-0.5, 0.7)
Modified The second | Intervention 55+1.2 1.4
, 5.3 <0.001
Schober’s week Control 4.0 +1.2 (0.9, 1.9)
Test (MST) The fourth | Intervention 58 +1.1 1.9
7.1 <0.001
week Control 39 +1.4 (1.4, 2.5)

104

Nsansmadansuunguagnign nuIin x

U7 32 atufl 1 unIAY - WU 2563



In previous study, the researcher
compared the effectiveness of ET and placebo
taping in 60 patients with CLBP and reported
significant immediate pain reduction in the ET
group at the end of the first week, but there was
no significant difference at the fourth week”. This
study was similar method with our study but
different results that they could only reported
immediate improvement in pain intensity because
the researcher applied ET only one time and let
the tape in place for 7 days. This short intervention,
one week of ET engendered confidence and
greater awareness to remain active®. It should
emphasize the effects of pain and functional
disability reduction of ET in musculoskeletal
concerns. Besides, Kelle and co-workers compared
ET with minimal care in 109 patients with acute
non-specific low back pain (ANSLBP). They also
reported that ET provided the immediate pain
reduction in ANSLBP, even it was not a statistically
significant difference between groups but overall
pain reduction was seen in ET group. They also
suggested that ET can be used as a complementary
method of treatment in ANSLBP. Their technique
of applying ET was quite similar with the
technique in our study, but they applied only
three times and the tape remained four days in
place to be treated. They reported overall pain
reduction and decreasing functional disability
earlier in ET group than the minimal care group®”.

The period that the tape can remain in
place briefly depends upon the body site to be
applied. For example, the time must be shorter
when applying on extreme mobile parts such as
knee and elbow, in the lumbar area, the time may
be 3-4 days, after that the ends of the tape

become curl because of the friction of clothing®”.

In our study, we applied ET six times throughout
two weeks of intervention period and the tape
was remained two days in place per one application
to wipe out the possible effects of allergic reaction
by hot weather, dust and sweating. If the elastic
tape is too stretched out, there will lead to reduce
or change its effect, so it is superb to use less
tension rather than too excessive tension during
application®?. The ET method used in this study
is very appropriate for the pain reduction with
25%-30% of stretch.

As the pain intensity directly relates to the
physical disability and so, when the pain
increased, functional disability also increased. Pain
was both clinically and statistically significant
decreased after the intervention and so, functional
disability also significantly reduced. As the pain
intensity and functional disability are reversely
related to the lumbar flexibility and so, when the
pain and functional disability increased, lumbar
flexibility decreased. Pain was both clinically and
statistically significant decreased after the
intervention and so lumbar flexibility was
significantly improved.

The possible mechanism of pain reduction
by ET is an improvement of intramuscular blood
flow and it helps to promote the proprioceptive
and nociceptive stimulation at the selected

region”

. The technique used in the current study
covered space correction technique, using light to
moderate tension (15-50%) of maximum stretch
which gives increased space on the area of the
pain and inflammation. This increased space is
believed in reducing pressure by lifting the skin
directly under the tape. Then, it is very essential
to alleviate pain as the elastic quality of the tape

helps to lift fascia and soft tissues lead to creating
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more space and resulting decreased pressure over
the injured tissues. ET decreased the pressure
under the area of the strip which act as channel
to direct the waste products and exudates to
nearest lymph ducts. It also increases circulation,
assists in the reduction of pain and removal of
fluid. This is also helpful for the lumbar stability™”.
So, ET also provides optimal support to the mus-
cles, correct and maintain the alignment, remove
fluid congestion and actuate the endogenous
analgesic system®*?. According to some previous
studies, it was suggested that the ET stimulates
the autonomic nervous system contributing to
vasodilation of blood vessels in the taping area
resulting in increased blood circulation. Improved
blood circulation can supply much oxygen to the

s> Therefore, ET improve the resistance

muscle
to pain and fatigue for the extensor muscles of
lumbar spine and lead to achieve the significant
pain reduction on VAS in SNSLBP®”. The results of
the current study pointed out combining ET to
the conventional treatments was faster and better
pain relief, more efficiently better in functional
disability control and very useful to improve and
maintain the lumbar flexibility for the patients
with SNSLBP.

Therefore, we believe that combining the
ET to the conventional treatments has better
improvement in treating patients with SNSLBP. All
the treatments were given two weeks and there
was a follow up period at the fourth week. The
current study represents only immediate and
short term (1 month) improvement of SNSLBP.
Further study should investigate the long-term
effect of combining ET to conventional treatments
for the patients with SNSLBP.

Conclusion

Adding ET to the conventional treatments
give the early significant pain reduction, disability
decreasing and improving flexibility in lumbar
spine in the sub-acute non-specific low back pain.
It also supports to get the significant sustained
effect of improving the symptoms for short term.
The results are both clinically and statistically
significant change in the intervention group.
Therefore, we suggest that combining the ET to
the conventional treatments has better improvement
in treating patients with SNSLBP. But we
investigated only immediate and short-term
effects, so further study should be investigated
the long-term effect of applying ET in low back

pain.
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Abstract

Background: Solid waste management needs to be performed worldwide. In developing
countries, municipal solid waste is collected manually, requiring heavy physical labor outdoors, which
may contribute to the development of work-related musculoskeletal disorders (MSDs). Purpose: To
determine the prevalence and risk factors of musculoskeletal symptoms among municipal solid waste
workers in local administrative organizations in Phayao Province, Northern Thailand. Methods: A
cross-sectional analytic study using sociodemographic, work profile and environment workplace
exposure data was conducted. The Standard Nordic Questionnaires among municipal solid waste
workers (MSWWs) were used to interview 135 employees who participated in the study. Results: The
highest prevalence of musculoskeletal symptoms among MSWWs was shoulder pain (55.56%), followed
by low back pain (42.96%), wrist/hand pain (42.22%) and ankle pain (30.37%). There was one risk factor
that was significantly associated with musculoskeletal symptoms: a frequency of lifting of =150 times/
day [adjusted odds ratio (@aOR) 4.46; 95% confidence interval (Cl), 1.28-15.48]. Additionally, regarding
body parts, a frequency of lifting of =150 times /day was shown to be a risk factor for wrist/hand pain
[aOR 3.06; 95% Cl, 1.11-8.44] and knee pain [aOR 4.00; 95% Cl, 1.05-15.20]. Lifting heavy objects above
the knees was associated with a risk of shoulder pain [aOR 3.80; 95% Cl, 1.56-9.26], and workers who
lifted objects continuously were at risk of knee pain [aOR 4.97; 95% Cl, 1.02-24.31]. Conclusion: These
findings demonstrate that the frequency of lifting, lifting continuously and lifting objects above the
knees are risk factors for musculoskeletal symptoms, and it is recommended that MSWWSs’ posture and

workplace environment are monitored.

Keywords: Musculoskeletal symptoms, Municipal solid waste workers, Prevalence, Risk factors
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1. Introduction

Due to rapid growth in the population,
urbanization and human activities, there are
currently major environmental problems causing
a drastic increase in municipal solid waste
generation, and the various types of waste have
been shown to be a threat to human health *?.
Solid waste management is a serious challenge,
and in developing countries, solid waste management
requires predominantly manual handling tasks® >
Municipal solid waste workers’ (MSWs’) roles are
significant to the reduce, reuse, and recycling
movements, which are regarded as sustainable
within the waste management hierarchy(é). In
Thailand, manual municipal solid waste collection
is the most common occupation requiring physical
labor outdoors, including separating, handling,
transporting, storing, and disposing of waste, and
it is performed by the municipality’s local
administrative organizations (LAOs). The collection
of solid waste is hard work and can affect
occupational health. The workers use vehicles
that are driven through traffic and collect waste
from the rear of the trucks during the collection
window daily”™”. MSWWs worldwide have the
highest risk for work-related disorders, injuries,
illnesses, and exposure to various work-related

1012 Work-related musculoskeletal

hazards
disorders (WMSDs) are widely known to be causes
of occupational problems in people worldwide"?.
However, MSWWs are frequently exposed to

49 previous

significant occupational hazards
studies have shown that MSWWs have a higher
probability of developing MSDs than the general
population due to the nature of their work™. An
individual’s working environment may be

associated with risk factors for musculoskeletal

symptoms, and there are also a large number of
past reports on musculoskeletal problems,

1510 Moreover,

especially among waste collectors'
the work-related illnesses that occur among
household waste collectors are mostly musculoskeletal
disorders due to their poor posture during work"®.

Nonetheless, the identified studies
provided little information, and several risk factors
were unclear, such as municipal solid waste
collection. Occupational epidemiological
analytical studies are needed to identify the
causes of these health hazards to prevent
occupational health problems when solid waste
collection systems are implemented and new
employees are hired"®. However, employees are
exposed to such health hazards associated with
musculoskeletal symptoms because the
municipality’s local government organization in
Phayao Province does not yet have information
on health hazards in the work environments of
solid waste collection workers.

Thus, the main objective of this study was
to determine the prevalence and risk factors of
musculoskeletal symptoms among municipal
solid waste workers in the municipalities of local
administrative organizations in Phayao Province,
Northern Thailand and to use the information as
a guideline to assess, monitor and prevent health
risks associated with the work of solid waste
collection workers in the local government

organization.

2. Materials and methods
2.1 Study design

A cross-sectional analysis was conducted
to determine the prevalence and risk factors of

musculoskeletal symptoms among municipal
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solid waste workers in Phayao Province, Northern
Thailand.
2.2 The population and sample size

The study was conducted among MSWW
workers in 21 municipalities of local administrative
organizations in Phayao Province, Northern
Thailand. Because the population is small, 143
workers who were at least 20 years old were
included in the study to represent the entire
population, including all employees in the
municipalities. The inclusion criteria were permanent
or temporary employment and employment for
at least one year. The exclusion criteria were a
history of surgery for injuries not related to work
and an underlying disease causing musculoskeletal
symptoms, such as rheumatoid arthritis, gout, and
accidental injuries. The workers fulfilled the
eligibility criteria, and 135 (94.0%) of them
participated in the study.
2.3 Ethical approval

The research study was approved by the
Human Ethics Committee at the University of
Phayao. The ethical clearance certificate number
was Project No. 2/117/61 (February 18, 2019).
2.4 Tools and data collection

In this study, the data were collected by
using structural questionnaires and face-to-face
interviews. The questionnaires were divided into
three parts. The first part consisted of general
sociodemographic characteristics, including the
participant’s age (years), gender, height (cm), body
weight (kg), marital status, education level, and
monthly income (USD); the number of household
members; his or her work history; any underlying
diseases; alcohol consumption; cigarette smoking;
and an annual health report. The second part

corresponded to a work profile and individuals’

physical and working environments, such as their
position, job-related tasks, employment duration
(years), working duration (hours/day), and frequency
at which they lift objects (times/day); the weight
of the containers or bags lifted (kg); the range of
working hours; whole-body vibrations from
vehicles and machines; continuous lifting tasks;
and holding on vehicles and lifting heaving objects
above the knees. All questions were either
multiple-choice and fixed-choice or open-ended.
The third part was constructed based on
musculoskeletal symptoms by body region using
the Standardized Nordic Questionnaire (SNQ)"
and translated into the Thai language. Cronbach’s
alpha coefficient was used to evaluate the
reliability of the questionnaire, and the internal
consistency value was 0.89 for the severity of pain.
The interview duration was approximately 15-20
minutes per person, and the interview was
administered by a researcher during August —
October 2019.
2.5 Data analysis

The data analyses were conducted using
STATA version 14 (Stata Corp LP., Texas, USA 2015).
Descriptive statistical analyses were performed to
describe the sociodemographic and health data,
work profiles, frequencies and proportions of tasks
performed in the workplace, and prevalence of
musculoskeletal symptoms; the data are
expressed as the frequency, percentage, mean,
standard deviation [SD], median, maximum and
minimum. The outcome variable was analyzed
using a univariable analysis of each independent
variable. Any variable whose univariable test result
showed a p-value of less than 0.25 was included
in the first multivariable model, and the likelihood

ratio was assessed by the chi-squared test. Then,
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a multivariable model containing all covariates
identified was used to assess the importance of
each covariate using the p-value of its Wald
statistic by the backward elimination technique®”,
which accounts for confounding factors and
other important factors that need further analysis,
and to determine the odds ratio (OR) of various
risk factors at a 95% confident interval. The
significance level (p-value) was set to be below

0.05.

3. Results

3.1 MSWWs’ sociodemographic and health data
All 135 MSWWs were men, with a mean

age of 42.7 (SD 9.77) years. Most of the workers

had ages between 40 and 49 years (40.0%) and

less than 40 years (34.1%). Most (64.4%) of the

workers were married. It found that 54.8% of the

workers had a high school education. The monthly

income (77.0%) was approximately USD 297.03
and USD 495.02 for most workers, and the
median income was USD 297.03 (min.-max., USD
231.02-692.61). The mean number of household
members was 3.96 (SD 1.59), and for 65.9% of the
workers, this number was greater than or equal
to four (=4 persons). Furthermore, most of these
employees were cigarette smokers (63.0%), and
67.4% of them consumed alcohol. Most of the
MSWWs had a body mass index (kg/m?) of 48.9%,
which was considered normal (18.5-22.99 kg/m?),
followed by 47.4%, which was considered obese.
The median body mass index was 22.8 (min.-max.,
15.9-36.1 kg/m?). Majority of the workers (84.4%)
did not have an underlying disease, and 54.81%
did not undergo annual health examinations.
Almost all MSWWs (80.0%) had been employed

previously, as shown in Table 1.
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Table 1 Sociodemographic of the MSWWs (n=135)

Characteristics

Frequency (%)

Table 1 Sociodemographic of the MSWWs (n=135)

(cont.)

Gender
Male
Age (Years)
< 40
40-49
> 50
Mean (SD)
Min-Max
Marital status
Single
Married
Widower
Education level
Primary School
High school
Diploma or above

Income (USD)*

< 297.03
297.03-495.02
> 495.05
Mean (D)
Median

25th _75th
P -P

Min-Max

135 (100.00)

46 (34.07)
54 (40.00)
35 (25.93)
42.73 (9.77)
20, 64

43 (31.85)
87 (64.44)
5(3.71)

51 (37.78)
74 (54.81)
10 (7.41)

30 (22.22)

104 (77.04)
1(0.74)
314.27 (65.51)
297.03

297.03, 330.03
231.02, 692.61

Number of household members

<4

>4
Mean (SD)
Min-Max

114

46 (34.07)
89 (65.93)
3.96 (1.59)
1,9

Characteristics

Frequency (%)

Alcohol consumption
No drank
Current drinker

Cigarette smoke
No smoking
Current smoker

BMI (kg/m’)
< 18.50
18.5-22.99
> 23.00

Mean (SD)

Median

P25th_P7Sth

Min-Max

Previous work
Yes
No

Underlying disease
Yes

No

Annual medical checkups

Yes

No

44 (32.59)
91 (67.41)

50 (37.04)
85 (62.96)

5(3.70)

66 (48.89)
64 (47.41)
23.56 (3.66)
22.77

20.82, 26.04
15.92, 36.11

108 (80.00)
27 (20.00)

21 (15.56)
114 (84.44)

61 (45.19)
74 (54.81)

Presented in frequency and percentage

* 1 USD was approximately = 30.30 THB
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3.2 Work profile and working environment among
municipal solid waste workers

The vast majority of 88.2% among MSWWs
workers were temporary employed position and
government/permanent position (11.8%). It was
reported that there was a fifth work-related task;
most of these workers were workers who lifted
containers or bags/separators in the rear of the
trucks (51.85%), followed by vehicle drivers
(22.22%) and workers who lifted containers or bags
(19.26%). It was found that the smallest proportion
of workers were separators in the rear of the trucks
(5.19%) and sewage workers (1.48%). Most of
these workers had employment durations of five
or more years (52.6%), and the median duration
was 5.0 years (min.-max., 1 — 34 years).

The employees’ working hours ranged
from 3 — 12 hours/day. Most MSWWs (68.9%)
reported that they spend six or more hours/day
at the workplace. Only 31.1% reported spending
less than six hours/day at their workplace. Most
MSWWs (54.1%) had a lifting frequency greater

than or equal to 150 times/day, and 45.9% of the
workers had a frequency of less than 150 times/
day. The MSWWs’ median frequency of lifting was
150 times/day, and the range of the minimum and
maximum frequency was 0 — 500 times/day. Most
MSWWs (52.6%) lifted containers or bags weighing
more than or equal to 30 kg, and 47.4% of the
workers lifted containers weighing less than 30 kg
each day. The median weight of the containers or
bag lifted was 30 kg (min.-max., 0 — 150 kg).
Regarding the daily shifts, most MSWWs (60.7%)
work from 7 am to 4 pm, 25.2% work from 5 am
to 12 pm, and 14.1% work from 12 am to 10 am,
as shown in Table 2.

Most of the respondents (65.9%) were
exposed to whole-body vibrations in vehicles or
machines while working. Additionally, a large
proportion of the workers (75.6%) reported lifting
containers or materials and lifting objects above
the knees. Most respondents (76.3%) reported
holding objects every day in vehicles for their job,

as shown in Table 2.
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Table 2 Work profile and working environment of the MSWWs (n = 135)

Work profile

Frequency (%)

Positions
Government/permanent position
Temporary employed position
Job tasks
Lifting containers or bags

Separators in the rear of the trucks

Lifting containers or bags/separators in the rear of the trucks
Vehicle drivers
Sewage workers

Employment duration (in years)
<5
<5

Mean (SD)

Median

P25th_P75th

Min-Max

Daily working hours (hours/day)
<6
> 6

Mean (SD)

Median

p25th Tsth

Min-Max

Frequency of lifting (times/day)
< 150
> 150

16 (11.85)
119 (88.15)

26 (19.26)
7 (5.19)
70 (51.85)

30 (22.22)
2(1.48)

64 (47.41)
71 (52.59)
7.63 (7.61)
5.00
3,10
1,34

42 (31.11)
93 (68.89)
6.12 (1.69)
6.00

4,8

3,12

62 (45.93)
73 (54.07)
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Table 2 Work profile and working environment of the MSWWs (n = 135) (cont.)

Work profile

Frequency (%)

Mean (SD) 156.24 (130.49)
Median 150.00
pp™h 10, 250
Min-Max 0, 500
Weight of container or bags lifting (kg)
< 30 64 (47.41)
> 30 71 (52.59)
Mean (SD) 44.74 (69.38)
Median 30.00
P25th_P75th 10, 60
Min-Max 0, 150
Rang in working time
07 am-4 pm 82 (60.74)
12 am -10 am 19 (14.07)
5am- 12 pm 34 (25.19)
Physical and working environments
Whole-body vibrations in vehicles or machines while working
Yes 89 (65.93)
No 46 (34.07)
Lifting continuously
Yes 102 (75.56)
No 33 (24.44)
Holding with vehicle
Every day 103 (76.30)
Sometimes 32 (23.70)

Lifting containers or materials and lifting objects above the knees

Yes

No

102 (75.56)
33 (24.44)
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Figure 1 Prevalence of musculoskeletal symptoms
in 12 body parts among MSWWs.

Figure 1 demonstrates the prevalence of
musculoskeletal symptoms in 12 defined body
parts of MSWWs over the last 12 months.
The majority (84.4%) of these workers had
musculoskeletal symptoms. Shoulder pain was
found to be the most common (55.6%), followed
by low back pain, wrist/hand pain and ankle pain
(43.0%, 42.2%, and 30.4%, respectively).

3.3 Factors affecting musculoskeletal symp-
toms among MSWWs

Univariate analysis of the variables, including
age, body mass index (kg/m?), positions, job task,
employment duration (years), daily working
duration (hours/day), frequency of lifting (times/
day), weight of containers or bags lifted (kg),
holding in vehicles, whole-body vibrations from
vehicles or machines while working, lifting heavy
objects above the knees, continuous lifting,
alcohol consumption, smoking, previous work,

number of household members and underlying

diseases, was used to identify the significant
variables contributing to musculoskeletal
symptoms in the MSWWs. This study showed that
a daily working duration of eight or more hours/
day (=8 hours /day) compared with a daily
working duration of less than eight hours (<8
hours/day) were risk factors for musculoskeletal
symptoms, with OR 4.04, 95% CI [0.90-18.30].
Moreover, a frequency of lifting objects of more
than or equal to 150 times/day (=150 times/day)
compared with that of less than 150 times/day
(<150 times/day) was a statistically significant risk
factor for musculoskeletal symptoms, with OR
2.75, 95% CI [1.03-7.33] (p<0.05), as exhibited in
Table 3.

Eventually, multiple logistic regression
analyses were conducted with significant variables
selected at p<0.25 and other factors that have
been shown to influence musculoskeletal
symptoms with backward elimination, including
the daily working duration, frequency of lifting,
lifting heavy objects above the knees, weight of
the containers or bag lifted and underlying
diseases; the regression was adjusted for the
covariates (age and duration of employment).
The frequency of lifting objects more than or
equal to 150 times/day (=150 times/day)
compared with that of less than 150 times/day
(<150 times/day) was found to be a statistically
significant risk factor for musculoskeletal
symptoms, with an adjusted odds ratio (aOR) of
4.46, 95% Cl [1.28-15.48] (p < 0.05), as illustrated
in Table 4.
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Table 3 Crude odd ratio (cOR) with 95% confidence interval (95% ClI) of musculoskeletal symptoms

based on simple logistic regression (n = 135)

Factors Musculoskeletal symptoms cOR 95%ClI p-value
Present Absent
(n=114) (n=21)

Age (Years)

<40 38 (33.33) 8 (38.10) Ref
> 40 76 (66.67) 13 (61.90) 1.23 0.47-3.22 0.674
BMI (kg/mz)
18.5-22.99 (Normal) 56 (49.12) 10 (47.62) Ref
< 18.50 (Underweight) 4 (3.51) 1 (4.76) 1.40 0.14-13.86 0.962
> 23.00 (Obese/overweight) 54 (47.37) 10 (47.62) 1.35 0.14-13.37
Positions
Government/permanent position 13 (11.40) 3(14.29)
Ref
Temporary employed position 101(88.60) 18 (85.71) 1.29 0.34-5.00 0.713
Job tasks
- Lifting containers or bags 20 (17.54) 6 (28.57) Ref
- Separators in the rear of the trucks 6 (5.26) 1 (4.76) 1.80 0.18-18.05 0.335
- Lifting containers or bag/separate 63 (55.26) 7(33.33) 2.70 0.81-8.97
in the rear of the trucks
- Vehicle drivers 24 (21.05) 6 (28.57) 1.20 0.33-4.31
- Sewage workers 1(0.88) 1 (4.76) 0.30 0.02-5.55
Employment duration (in years)
<5 53 (46.49) 11 (52.38) Ref
>5 61 (53.51) 10 (47.62) 1.27 0.50-3.22 0.620

Daily working hours (in hours)

<8 80 (70.18) 19 (90.48) Ref

>8 34 (29.82) 2(9.52) 4.04 0.90-18.30 0.035%
Frequency of lifting (times/day)

< 150 48 (42.11) 14 (66.67) Ref.

> 150 66 (57.89) 7 (33.33) 2.75 1.03-7.33 0.037*
Weight of container or bags lifting (kg)

<30 54 (47.37) 10 (47.62) Ref

> 30 60 (52.63) 11 (52.38) 1.01 0.40-2.57 0.983
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Table 3 Crude odd ratio (cOR) with 95% confidence interval (95% Cl) of musculoskeletal symptoms based

on simple logistic regression (n = 135) (cont.)

Factors Musculoskeletal symptoms cOR 95%Cl p-value
Present Absent
(n=114) (n=21)

Holding with vehicle

Sometimes 26 (22.81) 6 (28.57) Ref

Every day 88 (77.19) 15 (71.43) 0.74 0.26-2.10 0.575
Vibrations in vehicles or machines

No 39 (34.21) 7 (33.33) Ref.

Yes 75 (65.79) 14 (66.67) 0.96 0.36-2.58 0.938
Lifting continuously

No 26 (22.81) 7(33.33) Ref

Yes 88 (77.19) 14 (66.67) 0.59 0.22-1.62 0.316
Alcohol consumption

No drank 35 (30.70) 9 (42.86) Ref

Current drinker 79 (69.30) 12 (57.14) 1.69 0.65-4.38 0.283
Smoking

No smoking 40 (35.09) 10 (47.62) Ref

Current smoker 74 (64.91) 11 (52.38) 1.68 0.70 - 5.70 0.280
Previous work

No 23(20.18) 4 (19.05) Ref

Yes 91 (79.82) 17 (80.95) 0.93 0.29-3.03 0.905
Underlying disease

Yes 19 (16.67) 2(9.52) Ref

No 95 (83.33) 19 (90.48) 1.90 0.41-8.85 0.382
Lifting containers, bags, or materials above knees

No 25 (21.93) 8 (38.10) Ref

Yes 89 (78.07) 13 (61.90) 2.19 0.82-5.87 0.128
Number of household members

<4 42 (36.84) 4 (19.05) Ref

>4 72 (63.16) 17 (80.95) 0.40 0.13-1.28 0.100

cOR, Crude odds ratios; Ref, Reference

* Significant at p<0.05
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Table 4 Adjusted odds ratio (@aOR) with 95% confidence interval (95% Cl) of musculoskeletal symptoms

based on multiple logistic regression (n = 135)

Factors Musculoskeletal symptoms aOR 95%Cl p-value
Present Absent
(n=114) (n=21)

Age (Years)

<40 38 (33.33) 8 (38.10) Ref

> 40 76 (66.67) 13 (61.90) 1.04 0.34-3.24 0.941
Employment duration (in years)

<5 53 (46.49) 11 (52.38) Ref

>5 61 (53.51) 10 (47.62) 2.07 0.66-6.47 0.213
Daily working hours (in hours)

<8 80 (70.18) 19 (90.48) Ref

> 8 34 (29.82) 2(9.52) 3.64 0.75-17.76 0.110
Frequency of lifting (times/day)

< 150 48 (42.11) 14 (66.67) Ref

> 150 66 (57.89) 7 (33.33) 4.46 1.28-15.48 0.019*%
Weight of container or bags lifting (kg)

<30 54 (47.37) 10 (47.62) Ref

> 30 60 (52.63) 11 (52.38) 0.67 0.21-2.20 0.511
Lifting containers, bags, or materials above knees

No 25(21.93) 8 (38.10) Ref

Yes 89 (78.07) 13 (61.90) 2.09 0.71-6.16 0.184
Underlying disease

No 95 (83.33) 19 (90.48) Ref

Yes 19 (16.67) 2(9.52) 2.38 0.44-12.84 0.314
Number of household members

<4 42 (36.84) 4 (19.05) Ref

>4 72 (63.16) 17 (80.95) 0.34 0.10-1.22 0.098

Adjusted odds ratio: aOR; Ref, Reference
* Significant at p<0.05

It was found that MSWWs who had a frequency
of liting of =150 times/day was a statistically
significant risk factor for wrist/hand pain and knee
pain than those with a frequency of lifting of <150
times/day, with an aOR of 3.06 (95% Cl [1.11-8.44])
and aOR of 4.00 (95% ClI [1.05-15.20]) (p<0.05),
respectively. The workers who were exposed to whole-
body vibrations and machines while working every day was a
statistically significant risk factor for knee pain than
those who were sometimes exposed to whole-
body vibrations and machines, with 71%, aOR 0.29,
95% Cl [0.11-0.76] (p<0.05). Moreover, the results

indicated that workers who had been lifting

continuously was a statistically significant risk factor
for knee pain, with an aOR of 4.97 and 95% Cl of
[1.02-24.31] (p<0.05). Addtiorall vyliftng heavy
containers or objects above the knees was a
statistically significant risk factor for shoulder pain
compared with not lifting heaving objects, with an
aOR of 3.80 and 95% Cl of [1.56-9.26] (p<0.05). In
addition, we found that the presence of an underlying
disease was a statistically significant risk factor for
wrist/hand pain and knee pain compared with the
absence of an underlying disease, with an aOR of
3.34 (95% ClI [1.16-9.67]) and aOR of 3.90 (95% Cl

[1.29-11.85]) (p<0.05), as indicated in Table 5.
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4. Discussion
4.1 Sociodemographic and health data

The age of the MSWWs was found to
exhibit a lower odds ratio for the presence of
musculoskeletal symptoms (aOR = 1.04). There
was no relation between the presence of
musculoskeletal symptoms and the age of the
workers. In contrast, Chaiklieng and Juntratep®”,
in a previous study, indicated that solid waste
collectors employed for > 40 years in LAOs in
Northeast Thailand, were at risk of musculoskeletal
symptoms , with an aOR of 5.35 (95% Cl
[1.09-26.19]), and Reddy and Yasobant®” suggested
that workers who were >45 years old were at risk
for musculoskeletal symptoms , with an aOR of
7.56 (95% Cl [2.18-26.18]). However, being aged
>40 years is not related to the presence of low
back pain in solid waste collectors (SWCs)?*?.
Similarly, a study conducted in India showed that
habits such as cigarette smoking and alcohol
consumption do not influence MSD pain severity®.
Conversely, Chaiklieng and Juntratep® showed
that smoking every day was significantly associated
with musculoskeletal symptoms in SWC workers,
with an aOR of 7.27 and 95% Cl of (1.14-46.27).
Furthermore, this study showed that the body
mass index (kg/m?®) was not associated with
musculoskeletal symptoms among MSWs. In this
study, as in the previous studies, the results show
that solid waste collectors are predominantly
aged >40 years. However, most of them are men
who are smokers (62.96%) and alcohol drinkers
(67.41%), which increases their risk for accidents
or injuries while working.
4.2 Working environment

The results of this study showed that most

workers were temporary workers (88.6%) and most

MSWWs had >5 years of employment experience,
which involved lifting loads of >30 kg/day for >8
hours/day (29.8%). In contrast, Chaiklieng and

Juntratep®”

, in a previous study conducted in
Nong Bua Lam Phu, Northeastern Thailand,
indicated that MSWWs were at a significantly
increased risk of musculoskeletal symptoms,
especially those in the > 4 years of employment
group, with an aOR of 4.95 and 95% CI of
[1.02-23.94]. In contrast, a study conducted in
India showed that workers with employment
durations of >5 years were not associated with
MSDs??. In addition, it was found that lifting
containers or bags weighing =30 kg showed no
relation with musculoskeletal symptoms.
Moreover, the most prevalent tasks among
MSWWs were holding on the vehicles with their
arms and hands (76%), as shown in Figure 2, lifting
continuously (76%), lifting containers, bags, or
other waste materials above the knees (76%), and
whole-body vibrations from vehicles and
machines (65.9%).

It is obvious that MSWWs are exposed to
occupational health hazards in working environments.
Although these factors have no association with
musculoskeletal symptoms, they contribute to

workplace hazards®

. It has been reported in
Chiang Mai, Thailand by Narisara et al.*” that the
most significant ergonomic hazards include lifting
trash bags/bins (86.92%), followed by a
forward-bending body position, a twisting position,
and repetitive tasks (86.5%, 85.0%, and 80.0%,
respectively). Additionally, literature reviews on
handling solid waste in informal and organized
manners showed that MSDs are a direct result of
repeatedly moving and lifting heavy objects, such

as containers, filled bags, and other materials filled
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with solid waste, as well as long days, leading to
acute chronic pain and discomfort”. However,
this study found that workers were handling
segregation in the rear of the vehicle during waste
collection (5.19%), as shown in Figure 3. These
issues may lead to muscle pain, fatigue, back pain,
sprains and wrist/hand pain®. As a result, in 66
MSWWs (57.9%), significant associations were
found between a frequency of lifting of >150
times/day and musculoskeletal symptoms, with
a high aOR of 4.46, 95% Cl of [1.28-15.48], and
p=0.019.

The results of this study are similar to
those of previous studies conducted among solid
waste workers showing they are at a high risk of
MSDs?"#. Likewise, in Brazil, a study demonstrated
that MSWWs are commonly exposed to vibrations,
awkward postures, and repetitive movements®.
4.3 Overall prevalence of musculoskeletal
symptoms

The majority of municipal solid waste
workers in Phayao Province, Northern Thailand,
which was 114 workers (84.4%), had musculoskeletal
symptoms. Similarly, previous studies have shown
that the prevalence of MSDs in MSWWs in India
and Tehran, Iran were 70.0%%? and 65.09%"%,
respectively. In addition, our study showed that
shoulder pain was the most common MSD,
followed by low back pain and wrist/hand pain,
affecting 55.56%, 42.96%, and 42.22% of workers,
respectively. In addition, Abd El-Wahab et al.®V
reported low back/sciatic pain (OR = 3.5, 95%
Cl = 1.8 = 7.0) among municipality workers in
Alexandria, Egypt. Likewise, musculoskeletal pain
in MSWWs in India was found in the knees (84.5%),
shoulders (74.5%), and lower back (50.99%)%?.

According to Mehrdad et al.*?, the prevalence of

symptoms in the low back, knees, shoulders,
upper back and neck was 45.0%, 29.0%, 24.0%,
23.0%, and 22.0%, respectively. Asante et al.*?
reported that the prevalence of low back pain
(LBP) lasting 12 months was 32% to 74% among
waste collection workers, although none of the
included studies quantified the relationships
between the risk factors and LBP. In Thailand,
municipal solid waste workers (MSWWs) in munic-
ipality authorities are involved in various types of
waste handling activities, such as waste collection,
transportation, sorting, processing and disposal.
Hence, solid waste management procedures in
Thailand are associated with occupational-related
hazards such as musculoskeletal disorders.
4.4 Risk factors associated with musculoskeletal
symptoms among MSWWs

The results of this study showed that an
age >40 years was not associated with pain in any
of the body parts. However, in contrast to the
finding of this study in MSWWs in Northeastern
Thailand aged =40 years, Juntratep and Sunisa
reported that musculoskeletal symptoms were
significantly associated with musculoskeletal
symptoms (aOR 5.35, [95% CI, 1.09-26.19])*".
However, being aged >40 years is not related to
LBP among solid waste collectors®. However, a
study in Finland showed that male workers
performing manual labor had a higher risk of joint
pain than did female workers (OR 1.65, [95% Cl,
1.33-2.05] and aOR 2.60, [95% Cl, 1.9-3.6]). It was
obvious that the elbows, neck, low back, and
wrist/hands were body parts at risk of joint pain,
with an aOR of 2.76 [95% Cl, 1.95-3.92], and it was
found that the age group 50-64 years was at risk
of joint pain, with an aOR of 3.12 [95% (I,

2.24-4.341***% However, age and the presence of
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an underlying disease were not significantly
associated with low back pain (LBP). Likewise, a
study conducted by Sunisa et al.”” showed that
age and the presence of an underlying disease
were not associated with LBP among SWCs in Nong
Bua Lam Phu, Northeastern Thailand. However, it
was found that an employment duration of >5
years was a risk factor of low back pain, with an
aOR of 2.32, [95% Cl, 0.97-5.50], (p<0.05), which
is consistent with the results in a study by Sunisa

et al?

. Workers with an employment duration of
>4 years showed a relationship with low back pain,
with an aOR of 3.37, [95% Cl, 1.11-10.07], and this
relationship was statistically significant at p<0.031,
which is consistent with the results shown by
Salve et al."” A study conducted in India showed
an odds ratio for LBP and working experience of
>10 years among municipal waste loaders in
Mumbai, with an OR of 3.14 [1.30-7.59, p<0.01].
However, it was found that lifting containers or
bags weighing >30 kg was not related to LBP.
Consistent with the study results reported by

Sunisa et al.*”?

, No association was found lifting
containers or bags weighing >50 kg among SWCs.
Moreover, the MSWWs who had a frequency of
lifting >150 times/day were at risk of wrist/hand
pain and knees, with an aOR of 2.93, [95% (I,
1.06-8.14], (p < 0.039) and an aOR of 3.73, [95%
Cl, 0.98-14.30], (p < 0.05), respectively. It was
found that of these workers, whole-body exposure
to whole-body vibrations and machines while
working every day increased the risk of knee pain
by 71% (aOR 0.29, [95% Cl, 0.11-0.76]) (p < 0.012).
In addition, lifting heavy containers or materials
above the knees was a risk factor for shoulder
pain, with an aOR of 3.80, [95% Cl, 1.56-9.26],

(p < 0.003). Since lifting was the most frequent

cause of injury among SWCs in the private (28%)
and public sectors (37%)"?, heavy lifting also leads
to a higher rate of back and shoulder pain®. Risk
factors are considered to be modifiable or
non-modifiable variables related to an increased
risk of disorders or ergonomic hazards®. Additionally,
we found that the presence of an underlying
disease was a statistically significant risk factor for
wrist/hand pain and knees pain compared with
the absence of an underlying disease, with an aOR
of 3.34,[95% Cl, 1.16-9.67], (p < 0.026) and an aOR
of 3.90, [95% Cl, 1.29-11.85], (o < 0.016), respectively.

The prevalence of musculoskeletal
symptoms has also been shown to be high, even
in many developing countries, such as Thailand.
MSWWs collect solid waste manually, and
household solid waste collectors have many
job-related responsibilities. Hence, heavy physical
labor performed outdoors, such as heavy lifting,
loading, lifting/carrying, pulling/pushing, handling,
and segregation, has been shown to induce pain
in the hips/thighs, shoulders, wrists/hands, elbows,
and knees, irrespective of the load carried®™.
Furthermore, the study has shown a higher
prevalence of MSDs in the hips/thighs than those
reported in other studies, suggesting that
musculoskeletal problems are common among
waste collectors'”. This result may have occurred
because waste workers repetitively engage in
lifting heavy community dustbins throughout the
workday. Similarly, past studies conducted with
solid waste workers in developing countries such
as Taiwan™, Egypt"”, India"”, and Nigeria®” have
reported a high prevalence of MSDs, particularly
in the low back, shoulders, wrist/hands, upper

back, neck, and knee™”,
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Implications

There are few studies on risk factors for
musculoskeletal symptoms among municipal
solid waste workers in Thailand. This study shows
some risk factors of musculoskeletal symptoms
related to this type of work. Knowledge of these
factors can be utilized to identify and modify
high-risk job-related tasks before workers develop
musculoskeletal symptoms, such as the design of

mechanical support in a working environment.

Study limitations

The limitations of the present study
include the small sample size by study area, which
was composed of municipal solid waste workers
from local administrative organizations (LAOs) in
Phayao Province, Northern Thailand.

The study’s limitations result from the
inclusion of an ergonomics risk assessment.
Consequently, the data retrieved and risk factors
of musculoskeletal symptoms identified may not
be representative of the whole population of
MSWWs. Additionally, the assessment being
conducted through interviews may lead to recall
bias in the reports of musculoskeletal symptoms
experienced over the previous year. There were
no medical diagnoses from a physician, and

therefore, there may be some errors in the data.

Conclusions

The study indicates that the prevalence
of musculoskeletal symptoms was high among
municipal solid waste workers over the last 12
months in Phayao Province, Northern Thailand.
The structural questionnaire interview revealed

that all 135 employees were men, most of whom

were 40-49 years of age. Most MSWWs reported
experiencing pain in the shoulder, low back, wrist/
hands, and ankles, and a frequency of lifting of
>150 times/day was significantly associated with
musculoskeletal symptoms among MSWWs. In
addition, the difference in exposure to a wide
variety of factors in the physical work environment
including lifting in awkward postures, lifting loads
that are hard to hold and having too few mechanicals
support on during work. The risk factors
contributing to musculoskeletal symptoms
among MSWWs were as follows: a frequency of
lifting of >150 times/day was a risk factor of wrist/
hand pain and knee pain, lifting continuously was
a risk factor for knee pain, and whole-body
exposure to vibrations and machines while
working every day was a risk factor for knee pain.
Moreover, these workers lifted heavy containers
or materials above the knees, which was a risk
factor for shoulder pain. Consequently, frequent
lifting work needs to be minimized to reduce the
incidence of musculoskeletal symptoms. The
information provided in this study may be used
to develop new approaches to prevent
musculoskeletal symptoms in workers. To that
end, MSWWs need to be evaluated, their health
needs to be monitored, and assistive tools for
lifting or preventive measures need to be
implemented though training; annual medical
checkups for all workers, particularly those
working as solid waste collection employees,
should be provided. Additional studies should be
conducted to further assess the risk factors for
musculoskeletal symptoms among MSWWs in the

workplace to prevent musculoskeletal symptoms.
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Association between G6PD, HMOX1 and BLVRA variants and severity

of hyperbilirubinemia in northeastern Thai neonates

Chanaporn Kiatsayompoo', Suttiphan Kitcharoen®, Pakaphan Kiatchoosakun’,

Kanokwan Sanchaisuriya®, Kriengkrai Kitcharoen” and Noppmats Khemtonglang”

Abstract

Neonatal hyperbilirubinemia is a common disorder that is associated with a variety of factors,
especially genetic factors. This study aimed to examine the prevalence of G6PD, HMOX1 (GT-repeats)
and BLVRA (rs699512; A>G) variants and their association with the severity of neonatal hyperbilirubinemia
in northeastern Thai neonates. A total of 271 neonates with hyperbilirubinemia were analyzed for G6PD
mutation, HMOX1 (GT-repeats) and BLVRA (rs699512; A>G) polymorphisms by multiplex AS-PCR,
fragment analysis and PCR-RFLP, respectively. The prevalence of G6PD mutation, HMOX1 (short GT
repeats) and BLVRA (rs699512; A>G) polymorphisms were found in 55.7%, 62.3% and 42.1% of subjects,
respectively. The present study showed that the G6PD mutation, HMOX1 (< 23 GT-repeats) and BLVRA
(rs699512; A>G) polymorphisms were significant risk factors for developing severe neonatal
hyperbilirubinemia. Therefore, neonates with severe hyperbilirubinemia should be investigated for the

G6PD mutation or HMOX1 (< 23 GT-repeats) or BLVRA (rs699512; A>G) polymorphisms.
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Introduction

Hyperbilirubinemia is the most common
condition found in neonates. It is a multifactorial
disorder involving bilirubin over-production,
reduced conjugation and impaired bilirubin
excretion”. Common risk factors for neonatal
hyperbilirubinemia consist of fetal-maternal blood
group incompatibility, breastfeeding, prematurity
and G6PD deﬁciency@. Moreover, in recent years,
the role of genetic factors in the bilirubin
metabolism pathway has become apparent.

Glucose-6-phosphate dehydrogenase
(G6PD) is an enzyme that catalyzes the first step in
the pentose phosphate pathway. It is essential for
maintaining a normal red blood cell’s life span and
for oxidizing processes”. G6PD deficiency is a risk
factor for severe hyperbilirubinemia and this
deficiency is caused by mutations in the G6PD
gene®. Previous studies have shown that G6PD
Viangchan (871G>A), G6PD Mahidol (487G>A),
G6PD Union (1360C>T), G6PD Canton (1376G>T),
G6PD Kaiping (1388G>A), G6PD Chinese-4
(392G>A) and G6PD Chinese-5 (1024C>T) are the
common variants in Thailand®.

Heme oxygenase 1 (HMOX1) is the initial
and rate-limiting enzyme in the conversion of
heme to biliverdin, which is further metabolized
to bilirubin™. The (GT)n dinucleotide length
polymorphism of the HMOX1 promoter may
modulate the transcriptional activity (gene
expression); increased HMOX1 activity will result
in an overproduction of bilirubin®.

Biliverdin reductase A (BLVRA) is an
enzyme that reduces biliverdin to bilirubin®.
In the BLVRA gene, there is rs699512; A>G
polymorphism, the only common non-synonymous
SNP within the BLVRA gene, as shown in the dbSNP

database. It is possible that SNPs within the BLVRA
gene might affect TSB levels ™.

In this study, we determined the
prevalence of G6PD, HMOX1 (GT-repeats) and
BLVRA (rs699512; A>G) variants and the association
of these variants with the severity of
hyperbilirubinemia in northeastern Thai neonates

with hyperbilirubinemia.

Materials and methods
Subjects

Ethical approval for the study protocol
was obtained from the Institutional Review Board
(IRB) of Khon Kaen University, Khon Kaen, Thailand
(HE611463). Based on the prevalence of these
polymorphisms reported in previous studies"*?,
the sample size required was statistically estimated
at 271. One hundred and forty DNA samples were
recruited from a previous study (HE591531)"” and
one hundred and thirty-one leftover EDTA blood
samples of neonates with hyperbilirubinemia were
collected from routine screening for G6PD
deficiency using fluorescent spot test (FST) at the
Diagnostic Microscopy Unit, Clinical Laboratory

Division, Srinagarind Hospital, Khon Kaen University.

Criteria for study subjects

The subjects included near full-term and
full-term neonates (35-42 weeks of gestation) with
hyperbilirubinemia (hyperbilirubinemia was
defined by the American Academy of Pediatrics
2004) ™. Neonates with known risk factors for
neonatal hyperbilirubinemia were excluded,
including maternal history with diabetes mellitus,
neonates with ABO and Rh incompatibility,
neonates with infection requiring antibiotics and

neonates with congenital anomalies.
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Clinical data were acquired from medical
records by a pediatrician. The clinical data
collected in this study included maximum total
serum bilirubin level, the onset of hyperbilirubinemia,
requirement for phototherapy, duration of

phototherapy and hospital re-admission.

Molecular analysis

Genomic DNA was isolated from peripheral
blood leukocytes. The DNA was extracted from
leukocytes using a DNAzol kit (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s
protocol. All DNA samples were screened for
seven G6PD mutations commonly present in
Thai populations, including G6PD Viangchan
(871G>A), G6PD Mahidol (487G>A), G6PD Union
(1360C>T), G6PD Canton (1376G>T), G6PD
Kaiping (1388G>A), G6PD Chinese-4 (392G>A) and
G6PD Chinese-5 (1024C>T) by multiplex
allele-specific polymerase chain reaction
(AS-PCR) as previously described"®. AS-PCR
positive samples were selected for zygosity
detection by PCR-RFLP, as previously
described®.

The HMOX1 (GT-repeats) polymorphism
was identified by fragment analysis. The primers
FF-127: 5’FAM-AGAGCCTGCAGCTTCTCAGA-3” and
R-127: 5’-ACAAAGTCTGGCCATAGG-AC-3" were used
in the polymerase chain reaction (PCR). The
lengths of the PCR products were determined on
a fragment analyzer using Peak Scanner v1.0
(Applied Biosystems, Foster City, CA, USA) on the
ABI3730xl sequencer with Peak Scanner V.1.0
software-500 LIZ (Applied Biosystems) as a size

marker.

The BLVRA (rs699512; A>G) polymorphism
was detected by the PCR-RFLP method with a
mismatched primer set (F-BV512: 5’-GACCT-
GAACCTCTGCTTTTG-3" and R-BV512:
5’- TACAAA-GACCAGTTTAAGGGATG-3’) and
HpyCH4V restriction enzymes (New England
Biolabs, Ipswich, MA, USA). The samples that were
identified as wild type, heterozygote and
homozygote by the PCR-RFLP method were
selected to be confirmed by DNA sequencing.
Statistical analysis

Statistical analysis was performed using
STATA software version 10.1 (StataCorp LLC, Texas,
USA). Prevalence and allele frequency of each
polymorphism were presented as percentage and
95% confident interval (Cl). The association
between the categorical outcome variables
(including the onset of hyperbilirubinemia <48 hr.,
phototherapy and hospital re-admission) and the
gene polymorphisms were assessed using multiple
logistic regression analysis. For continuous
outcomes (including maximum TSB and duration
of phototherapy), a multiple linear regression
analysis was applied. The Odds ratio and
coefficient value with 95% confident interval (Cl)
were presented to determine the significance of
the association. A p-value < 0.05 was considered
to indicate statistical significance.

Results

The prevalence of G6PD mutation, HMOX1
(GT-repeats) polymorphism and BLVRA (rs699512;
A>G) polymorphism.

A total of 271 neonates with
hyperbilirubinemia were included in this study.
The prevalence of G6PD mutation, HMOX1 (GT-
repeats) polymorphism and BLVRA (rs699512; A>G)
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polymorphism are shown in Table 1. The HMOX1
(GT-repeats) and BLVRA (rs699512; A>G) genotype
frequencies were consistent with Hardy-
Weinberg equilibrium (p = 0.27 and p = 0.69,
respectively). The G6PD mutations were identified
in 151 samples (55.7%). Heterozygotes,
homozygotes and hemizygotes were identified in
34 samples (12.5%), 9 samples (3.3%) and 108
samples (39.9%), respectively.

The numbers of GT-repeats of the HMOX1
promoter were highly polymorphic, ranging from
15 to 40. The two most frequent alleles had 23
and 30 GT-repeats (Figure 1). The alleles were
grouped into two subclasses; short (S) allele with
<23 GT-repeats and long (L) allele with >23 GT-
repeats. The L/L genotype was found in 102
samples (37.7%), the S/L genotype was found in
99 samples (36.5%), and the S/S genotype was
found in 70 samples (25.8%). The frequencies of
the L and S alleles were 0.56 and 0.44,
respectively.

The BLVRA rs699512 A>G polymorphism
was found in 114 samples (42.1%). Heterozygotes
(A/G) and homozygotes (G/G) were identified in
101 samples (37.3%) and 13 samples (4.8%),
respectively. The frequency of A and T alleles

were 0.77 and 0.23, respectively.

Associations of G6PD mutation, HMOX1 (GT-
repeats) polymorphism and BLVRA (rs699512;
A>G) polymorphism with severity of
hyperbilirubinemia

A multiple regression analysis was applied

to determine the association between the gene

polymorphisms and the severity of hyperbilirubinemia
in neonates, using the G6PD mutation, HMOX1
(223 GT-repeats) polymorphism, and BLVRA
(rs699512; A>G) polymorphism as independent
variables. The maximum TSB, the onset of
hyperbilirubinemia <48 hr., phototherapy,
duration of phototherapy and hospital re-admission
were dependent variables. The association of the
genetic variables and severity for neonatal
hyperbilirubinemia are shown in Table 2 and
Table 3. The G6PD mutation was found to be
significant independent predictors for maximum
TSB (coefficient 0.62, 95% Cl: 0.02-1.22, p-value
0.043) and duration of phototherapy (coefficient
10.32, 95% ClI: 4.72-15.93, p-value 0.000).
Furthermore, The G6PD mutation was also a
significant independent risk factor for onset of
hyperbilirubinemia<48 hr (OR 2.37, 95% Cl:
1.42-3.98, p-value 0.001), requirement for
phototherapy (OR 2.17, 95% Cl: 1.10-4.23, p-value
0.024), and hospital re-admission (OR 2.77, 95%
Cl: 1.06-7.24, p-value 0.038).

The HMOX1 (<23 GT-repeats) polymorphism
was found to be a significant independent
predictor for maximum TSB (coefficient 0.48, 95%
Cl: 0.01-1.04, p-value 0.037).

The BLVRA (rs699512; A>G) polymorphism
was found to be a significant independent
predictor variable for the duration of the
phototherapy (coefficient 8.03, 95% Cl: 2.46-13.61,
p-value 0.005) and it was found to be a significant
independent risk factor for hospital re-admission
(OR 2.44, 95% Cl: 1.04-5.68, p-value 0.039).
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Table 1 Prevalence of HMOX1 (GT-repeats),
HMOX1 (-413A>T) and BLVRA (rs699512; A>G)
polymorphisms and proportion of various G6PD

genotypes (n = 271)

Genotype frequency, Allele
Polymorphism P e
Number of subjects (%)  frequency
HMOX1
(GT)n repeats” 0.27
L/L 102 (37.7)
S/L 99 (36.5)
S/S 70 (25.8)
L allele 0.56
S allele 0.44
BLVRA (rs699512; 0.69
A>G)
AA 157 (57.9)
AG 101 (37.3)
G/G 13 (4.8) 0.77
Aallele 0.23
G allele
G6PD mutation” NA
No mutation 120 (44.3)
Heterozygote 34 (12.5)
Homozygote 9(3.3)
Hemizygote 108 (39.9)

“L > 23 repeats, S < 23 repeats

® G6PD mutations investigated in this study included G6PD
Viangchan (871G>A), G6PD Mahidol (487G>A), G6PD
Union (1360C>T), G6PD Canton (1376G>T), G6PD
Kaiping (1388G>A), G6PD Chinese-4 (392G>A) and G6PD
Chinese-5 (1024C>T). NA: not applicable
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Figure 1 Distribution of the (GT)n repeats of HMOX1
promoter among 271 neonates. GT-repeats ranged
from 15 to 40. Two most frequent alleles were 23
and 30 GT-repeats.

Associations of G6PD mutation, HMOX1 (GT-
repeats) polymorphism and BLVRA (rs699512;
A>G) polymorphism with severity of hyperbiliru-
binemia

A multiple regression analysis was applied
to determine the association between the gene
polymorphisms and the severity of hyperbilirubinemia
in neonates, using the G6PD mutation, HMOX1
(223 GT-repeats) polymorphism, and BLVRA
(rs699512; A>G) polymorphism as independent
variables. The maximum TSB, the onset of
hyperbilirubinemia <48 hr., phototherapy,
duration of phototherapy and hospital re-admission
were dependent variables. The association of the
genetic variables and severity for neonatal
hyperbilirubinemia are shown in Table 2 and
Table 3. The G6PD mutation was found to be
significant independent predictors for maximum
TSB (coefficient 0.62, 95% Cl: 0.02-1.22, p-value
0.043) and duration of phototherapy (coefficient
10.32,95% Cl: 4.72-15.93, p-value 0.000). Furthermore,
The G6PD mutation was also a significant
independent risk factor for onset of hyperbili-
rubinemia<48 hr (OR 2.37, 95% Cl: 1.42-3.98,
p-value 0.001), requirement for phototherapy (OR
2.17, 95% CI: 1.10-4.23, p-value 0.024), and
hospital re-admission (OR 2.77, 95% Cl: 1.06-7.24,
p-value 0.038).

The HMOX1 (<23 GT-repeats) polymorphism
was found to be a significant independent
predictor for maximum TSB (coefficient 0.48, 95%
Cl: 0.01-1.04, p-value 0.037).

The BLVRA (rs699512; A>G) polymorphism
was found to be a significant independent
predictor variable for the duration of the
phototherapy (coefficient 8.03, 95% Cl: 2.46-13.61,
p-value 0.005) and it was found to be a significant
independent risk factor for hospital re-admission
(OR 2.44, 95% Cl: 1.04-5.68, p-value 0.039).
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Table 2 Results of multiple linear regression for the association of genetic polymorphisms and severity
for neonatal hyperbilirubinemia among 271 neonates with hyperbilirubinemia; presented as

coefficient value with 95% confident interval (Cl)

Genetic variable Maximum TSB (mg/dl) Duration of phototherapy (hr.)

G6PD mutation 0.62 (95% Cl: 0.02, 1.22) ° 10.17 (95% Cl: 4.65-15.70) °

HMOX1 (<23 GT-repeats) 0.48 (95% Cl: 0.01, 1.04) ° -5.69 (95% Cl: -11.54, -0.16)

BLVRA (rs699512; A>QG) 0.52 (95% Cl: -0.55, 0.66) 8.03 (95% Cl: 2.46-13.61)°

? Statistically significant; p < 0.05
TSB: Total serum bilirubin

Table 3 Results of multiple logistic regression for the association of genetic polymorphisms and severity
for neonatal hyperbilirubinemia among 271 neonates with hyperbilirubinemia; presented as
Odds ratio value with 95% confident interval (Cl)

Onset of
Hospital
Genetic variable Hyperbilirubinemia Phototherapy
re-admission
<48 hr.

G6PD mutation 2.37 (95% CI: 1.42-3.98)°  2.17 (95% CI: 1.10-4.23)°  2.77 (95% Cl: 1.06-7.24) °

HMOX1 (<23 GT-

1.07 (95% Cl: 0.62-1.83) 0.92 (95% Cl: 0.45-1.87) 0.73(95% Cl: 0.35-1.77)

repeats)
BLVRA (rs699512;
A>G)

1.49 (95% Cl: 0.89-2.48) 1.18 (95% Cl: 0.59-2.32)  2.44 (95% Cl: 1.04-5.68) °

? Statistically significant (o < 0.05)

Discussion

The present study showed that G6PD
mutation, HMOX1 (<23 GT-repeats) polymorphism
and BLVRA (rs699512; A>G) polymorphism were
considered to be significant risk factors and
predictors for the development of neonatal
hyperbilirubinemia. To our knowledge, this study
is the first report of the prevalence of HMOX1
(GT-repeats) and BLVRA (rs699512; A>G) polymor-

phisms in Thai neonates.

The G6PD deficiency is widely recognized as a
risk factor associated with neonatal hyperbiliru-

(17-20

binemia""?. The present study confirmed that
G6PD mutation was an independent risk factor
for all parameters indicating severe hyperbiliru-
binemia (the onset of hyperbilirubinemia <48
hr., higher maximum TSB, requirement for
phototherapy, longer duration of phototherapy,

and hospital re-admission. The results were
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similar to the study of Huang et al."”, who reported
that the duration of phototherapy was found to
be longer in G6PD deficient male neonates than
in the control group. Similarly, Khemtonglang et
al"? reported a longer duration for phototherapy
and a higher number of hospital re-admissions in
northeastern Thai neonates with G6PD deficiency.
Kaplan et al.** have shown that jaundice in G6PD
deficient neonates is the result of an imbalance
between the production and conjugation of
bilirubin with a tendency for inefficient bilirubin
conjugation. Therefore, neonates carrying the
G6PD mutation are susceptible to severe
hyperbilirubinemia due to an increase in the
unconjugated bilirubin. This suggested that the
G6PD mutation is an important genetic factor
associated with severe neonatal hyperbilirubinemia.
Thus, an investigation of the G6PD mutation is
recommended in northeastern Thai neonates with
hyperbilirubinemia.

In this study, the (GT)n repeats were found
to be highly polymorphic in nature, ranging from
15 to 40. This is consistent with other studies™" ">,
The study identified the two most frequent
alleles, which were 23 and 30 GT-repeats, and is
consistent with previous studies from Japan®#* ¥
and northern India®”. In our study, the alleles
were grouped into two subclasses; short (S) allele
(<23 GT-repeats) and long (L) allele (>23 GT-
repeats). The number of GT repeats promoter has
a controlling effect on the rate of gene expression
(transcriptional activity). Short allele GT repeats
on the promoter may play an important genetic
role in up-regulating the equilibrium between
bilirubin production and elimination®. The result
of this study showed that the HMOX1 short GT-

repeats (< 23) polymorphism was an independent

predictor variable for the higher maximum TSB
(coefficient 0.48, 95% Cl: 0.01-1.04, p-value 0.037).
Previous studies showed an association between
short GT-repeats and neonatal hyperbilirubinemia.
Katayama et al.?’ reported an association between
the short allele (< 22 GT-repeats) and hyperbiliru-
binemia in the early neonatal period in Japanese
neonates (OR 3.1, 95% Cl: 1.03-9.53). Furthermore,
the SS or SL genotypes were more frequent in
hyperbilirubinemia neonates than the control
group. Their result was similar to those reported by
Weng et al"”? and Tiwari et al™”. Weng et al"?
showed that short GT-repeats (< 24 GT-repeats)
were highly prevalent in neonatal hyperbilirubinemia.
Tiwari et al."? demonstrated that the SS genotype
(S <22 GT-repeats) was significantly associated with
neonatal hyperbilirubinemia (OR 4.4, 95% ClI:
1.2-16.8). The result of our study showed that the
short GT-repeats associated with the higher
maximum TSB indicated more severity of
neonatal hyperbilirubinemia.

BLVRA is the enzyme that reduces biliverdin
to bilirubin in the heme degradation pathway".
The result of this study revealed that the BLVRA
(rs699512; A>G) polymorphism was an independent
predictor variable for a longer duration of
phototherapy and hospital re-admission. Whereas
no association was found between the BLVRA
(rs699512; A>G) polymorphism and maximum TSB,
the onset of hyperbilirubinemia (< 48 hrs) and
phototherapy. The results are similar to the study

12 \which described no correlation

of Yang et al.
between the BLVRA (rs699512; A>G) polymorphism
and TSB levels in Chinese neonates. Whereas,
a recent study” showed that the G allele carriers
were protected from the development of neonatal

hyperbilirubinemia (adjusted OR = 0.86, p-value
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= 0.04). However, the exact mechanism by which
the variation at the rs699512 locus alters the
BLVRA function is still unclear. Nevertheless, the
present study showed that the BLVRA (rs699512;
A>G) polymorphism associated with the increased
severity of neonatal hyperbilirubinemia.

This study has some limitations. Firstly,
this study did not determine the other related
genes that are associated with bilirubin metabolism,
especially UGTIA1 polymorphisms, since a previous
study in northeastern Thai neonates with
hyperbilirubinemia® has shown the low allele
frequency of the two most commmon polymorphisms
of the UGT1A1 gene; the frequency of the 211G>A
allele was 0.094 and that of TA_in promoter was
0.103. Secondly, severe cases of neonatal
hyperbilirubinemia did not occur in this study
because of a systematic approach for early
diagnosis and management of neonates with
hyperbilirubinemia at Srinagarind Hospital,
Faculty of Medicine, Khon Kaen University. Further
studies should be carried out to verify the
association of all genes involved in bilirubin
metabolism to the severity of the hyperbilirubinemia

in larger study populations.

Conclusions

The present study showed that the
HMOX1 (<23 GT-repeats) polymorphism, BLVRA
(rs699512; A>G) polymorphism and G6PD mutation
could be considered to be significant risk factors
and significant predictors for the development of
severe neonatal hyperbilirubinemia. Therefore, in
cases of severe neonatal hyperbilirubinemia with
unidentified etiology, an investigation for common
G6PD mutations together with HMOX1 (<23 GT-
repeats) and/or BLVRA (rs699512; A>G) polymorphism

should be considered.
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Abstract
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Introduction
Diabetes mellitus (DM) is a major risk
factor for coronary artery disease (CAD). It has
been known that cardiovascular disease (CVD) is
the most important complication of type 2
diabetic patients. A number of studies showed
that the diabetic patients had a 2-4 fold increased
risk of developing CAD. Moreover, the incidence
of severe clinical CVD complication in DM is
higher than those in non-DM . However, there is
no selective agent responsible for the atherosclerot-
ic process in diabetic patients due to its several
influences. Assessment of some biomarkers and
conventional risk factors has been ineffective in
completely predicting the development of the
atherosclerotic process suggesting that specific
genetic factor should be taken into account.
Recently, many studies have suggested
that endothelial dysfunction occurs in respons
to cardiovascular risk factors resulting in t

development of atherosclerosis . On the

development of athe ‘ i
@ ory processes involve
e and smooth muscle cells,

well as complement

destabilization®”

altering of endoth
leukocytes recruitmen
activation®. Fibrinogen is one of an acute phase
reactant proteins which is elevated in response
to inflammatory conditions. It plays a crucial role
in the early stages of plague formation and late
complications of CVD. In addition, fibrinogen
strongly affects hemostasis, blood rheology, and
platelet aggregation. Increased levels of fibrinogen
have been reported to be associated with enhancing

atherosclerosis, reducing blood flow, and

. Some reports

predisposing to thrombosis
demonstrated that the elevated plasma fibrinogen
concentration is not only responsible for CVD but
also increase in other cardiovascular risk factors
such as metabolic syndrome, hypertension,
obesity and diabetes mellitus ® ?. Thus, high
plasma fibrinogen levels could contribute to the
excess cardiovascular morbidity and mortality in
these conditions.

Previous study suggested that approximately
50% of the total variakility in fibrinogen levels is

determined by the ge encoding the three

and gamma (FGA,
ely)"?. FGA -58G/A

ednucleotide polymorphism

fibrinogen chains; al
FGB, and FGG
(rs2070011) i
(SNP) i
be

pro the FGA gene which has

epo affect the levels of fibrinogen
d assogiate with DM™Y. However, there is no
stUdsi tigating the possible relationship of the
orphism with DM and the progression of
erosclerotic plaque in coronary artery of the
patients with macrovascular complication.
Therefore, we decided to investigate whether the
FGA -58G/A polymorphism influence the

progression of CAD complication in type 2 DM.

Materials and methods
Study subjects

A total of 207 participants who attended
to the Cardiac Catheterization Unit, Queen Sirikit
Heart Center of the Northeast Hospital, Khon Kaen
University, were recruited in this study. Patients
with cancer, autoimmune disease, infectious
diseases, renal failure, and immune-compromised
individuals were excluded. Type 2 DM was
diagnosed according to the criteria of the World

Health Organization™®. According to the coronary
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angiographic results, the DM patients (n = 123)
presented with either acute coronary syndrome
(ACS) (n = 56) or stable CAD (n = 67) which defined
as more than 50% stenosis in at least one of the
three main coronary vessels. ACS was defined as
unstable angina, non-ST-elevation myocardial
infarction (NSTEMI) or ST-elevation myocardial
infarction (STEMI) corresponding to European
Society of Cardiology (ESC), American College of
Cardiology Foundation (ACCF) and American Heart
Association (AHA) “®. The individuals without DM
and presenting none or less than 50% stenosis of
the coronary artery were classified as a control
group (n = 84). Other clinical variables including
age, sex, CAD risk factors, and use of medicines
were obtained from medical records. Individuals
presenting at least one of the following parameters
including total cholesterol (TC) > 240 mg/dL,
triglyceride > 200 mg/dL, high densit
lipoprotein-cholesterol (HDL-C) < 40 me/dL, a

> 160

meg/dL or use of lipid-lowerin gs re

low density lipoprotein-cholesterol (LDL-

diagnosed as dyslipidemia . Indivi who
had blood pressure > 140/90 nd sed

e ned as

with body mass index
classified as obesity .
Metabolic syndrome onsidered if any three

in five risk factors were presented: (i) waist

circumference > 90 cm in male and = 80 cm in

\

female, (i) TG > 150 mg/dL or on lipid-lowering
drug treatment, (iii) HDL-C < 40 mg/dL in male and
< 50 mg/dL in female, (iv) blood pressure > 130/85
mmHg or use of anti-hypertensive medications,
and (v) fasting blood glucose (FBG) > 100 mg/dL
or use of glucose-lowering drugs"”. The study

protocol was approved by the Khon Kaen University

Ethics Committee for Human Research (HE621240)
and consent forms were obtained from all

participants.

Genotyping

Genomic DNA was extracted from
peripheral white blood cells using a Flexi Gene
DNA extraction kit (QIAGEN, Hilden, Germany).
Genotyping of FGA -58G/A polymorphism was
determined by polymerase chain reaction-restric-
polymorphism (PCR-RFLP).
mplified by PCR using
ard primer (5’GAG

and reverse primer

tion fragment length

The genomic DNA was
specific primers incl
GGT TGA CTG C
(5’CAG GCC TLAT AAA 3°). The optimal
conditigf for t eaction was an annealing

te atur@ef 58 °C. The PCR product was further

ested with 2 units of Acil restriction enzyme
and Biolabs Inc., MA, USA). Each
ype of the polymorphism was interpreted

h different sizes of amplicons as follows: GG
homozygote demonstrated 236 and 83 base pair
(bp) bands; GA heterozygote demonstrated 318,
236 and 83 bp bands; and AA homozygote

demonstrated 318 bp band.

Statistical analysis

Statistical analysis was performed using
SPSS software version 17.0 (SPSS Inc, IL, USA).
Distributions of genotype and allele frequencies,
categorical variables and the Hardy-Weinberg
equilibrium were determined using a Chi-square
test. Kolmogorov-Smirnov test was used to assess
the data whether is normal distribution. Continuous
variables were expressed as means + standard
deviations (SDs) and categorical variables were

reported as number and percentages. Continuous
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variables without normal distribution were reported
as a geometric means + SDs. Logistic regression
analysis was performed to evaluate the association
between the FGA -58G/A polymorphism with DM
and severity of CAD complication in DM patients.
Statistical significance was defined as a p-value
less than 0.05.

Results

Clinical and demographic characteristics
of the study individuals are shown in Table 1.
Individuals in DM group presented higher
proportions of hypertension, metabolic syndrome,
as well as levels of FBG and LDL-C as compared
to controls. No significant differences between
both groups were observed for SBP, DBP, BMI, TC,
TG, and HDL-C.

The allele and genotype frequencies of
the FGA -58G/A polymorphism in DM patients an
controls are presented in Table 2. The SNP
in agreement with Hardy-Weinberg equiliRfitim in
each group. The significant diff ces re

observed in genotype (p = 0.02 all

variations with D) ate logistic regression

analysis was perfor he results demonstrated
that presences of AA ge pe and A allele of the
FGA -58G/A polymorphism were independently
associated with DM after adjustment for sex, age,

hypertension, and metabolic syndrome (Table 2).

Table 1 Demographic data of the study subjects

Variables Controls oM p-value
(n=84) (n=123)
Age (years)’ 50.6+8.8 61.5+9.0 0.136
Gender
Male, n (%) 38 (45.2) 69 (56.1) 0.125
Female, n (%) 46 (54.8) 54 (43.9)
DS, n (%) 69 (82.1) 108 (87.8) 0.256
HT, n (%) 59 (70.2) 101 (82.1) 0.045
MET, n (%) 38 (45.2) 113 (91.9) | <0.001
Obesity, n (%) 42 (50.0) 57 (46.3) 0.605
SBP (mmHg) 127.9+18.1 | 1353+22.0 0.399
DBP (mmHg) 707113 0.115
BMI (kg/m) 20.8+3.6 0.316
FBG (mg/dL)’ 5.2+66.2 0.002
TC (mg/dL)’ 0.537
TG (mg/dL)’ 5021136 | 0.071
103.4+41.4 0.010
38.7+10.4 0.244

alues and categorical variables between both
ctively. Category data are expressed as n (%),
ata are expressed as mean + SD. * Values are
resented as geometric means + SD. DM, diabetes mellitus; DS,
pidemia; HT, hypertension; MET, metabolic syndrome; SBP,
systolic blood pressure; DBS, diastolic blood pressure; BMI, body
mass index; FBG, fasting blood glucose; TG, triglyceride; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-

density lipoprotein cholesterol.

Table 2 Genotype distributions of the FGA -58G/
A polymorphism in study subjects and its

association with DM

Genotype/ Frequency, n (%) p- OR (95% CI)
allele Controls DM value Crude p- Adjusted p-
(n=84) (n=123) OR value OR* value
GG 26 29 0.022 1.0 - 1.0
(31.0) (23.6)
GA 45 54 11 0.828 1.3 0.573
(53.6) (43.9) (0.6,2.1) (0.6,2.9)
AA 13 40 2.8 0.015 33 0.021
(15.5) (32.5) (1.2,6.3) (1.2,8.9)
G allele 97 112 0.015 1.0 - 1.0
(57.7) (45.5)
A allele 71 134 2.8 0.001 33 0.001
(42.3) (54.5) (1.5,4.9) (1.6,6.6)

Chi-square-test was used to compare the frequencies of genotypes
between DM and control groups. *Conditional logistic regression
model adjustment for sex, age, hypertension and metabolic
syndrome. DM, Diabetes mellitus; OR, Odds ratio; Cl=Confidence

interval
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To assess the influence of the FGA -58G/A
polymorphism on the severity of CAD complication,
DM individuals were divided into two subgroups
including DM with stable-CAD and with ACS.
Significant differences were found in the frequencies
of AA genotype (p = 0.003) and A allele (p = 0.004)
in DM with ACS when compared to controls.
However, the significant differences were not
found in patients with stable-CAD when compared
to controls (Table 3). Multivariate logistic regression
analysis was performed to investigate the
relationship between the FGA -58G/A polymorphism
and ACS in diabetic individuals (Table 4). The
results demonstrated that after adjustment for
sex, age, hypertension, and metabolic syndrome,
the AA genotype and A allele were significantly

associated with an increased risk of ACS.

Table 3 Genotype distributions of the FGA -58G/
A polymorphism in DM with CAD according

clinical manifestation

(1)

Genotype/

Controls

allele
(n=84)

GG 26 (31.0),
GA 45 (53.6
AA 13 (15.5) 23 (41.1)
G allele 97 (57.7) 45 (40.2) |0.180|0.004
A allele 71(42.3) 67 (50.0) 67 (59.8)

Chi-square test was performed for comparison of the frequencies
of each genotype among the study groups. DM, Diabetes mellitus;

CAD, Coronary artery disease; ACS, Acute coronary syndrome

Table 4 Association of the FGA -58G/A polymor
phism with ACS in DM

OR (95% CI)
Genotype/
P- R P-
allele Crude OR Adjusted OR*
value value
GG 1.0 1.0
GA 1.0 (0.4, 2.4) 0.980 1.0 (0.4, 2.8) 1.000
AA 3.8 (1.5, 10.1) 0.006 3.9(1.3,11.7) 0.014
G allele 1.0 1.0
A allele 2.0(1.3,3.3) 0.004 2.0(1.2,3.5) 0.014

*Conditional logistic regression model adjustment for sex, age,
hypertension and metabolic syndrome. DM, diabetes mellitus; ACS,

acute coronary syndrome; OR, Odds ratio; CI, Confidence interval

Discussion
Fibrinogen is protein composed
of three pairs u \, FGB, and FGG). In

addition to it olggical role as a cofactor for
nd a precursor of fibrin,
invalved in many pathophysiological
cessesasuch as inflammation, atherosclerosis,
bosis"?. Previous study showed that
gen is a potential biomarker for prediction

future risk of CVD"”. A high fibrinogen
concentration has been reported to enhance the
risk of CVD in diabetic individuals®’. In addition,
several studies also have provided evidences for
the relation between plasma fibrinogen levels and
DM. Actually, the elevated level of fibrinogen was
observed in type 2 DM patients, and predicted
the progression of CVD in diabetes. Several
polymorphisms inducing overproduction of the
three fibrinogen subunits might influence the high
levels of plasma fibrinogen, which in turn develop
type 2 DM and CAD. Therefore, the genetic
variations in these genes may define susceptibility
to the disease. A previous study demonstrated
that the nucleotide base substitutions of the FGA
-58G/A polymorphism in the 5" UTR (promoter) of

the FGA gene can modulate the FGA gene

J Med Tech Phy Ther x Vol. 32 No. 1 x January - April 2020 147



expression through accelerating the mRNA
transcription, which may affect increasing mRNA
levels and resulting in the high level of fibrinogen®”.

At present investigation demonstrated the
association of the FGA -58G/A polymorphism with
the plague progression leading to ACS in type 2
diabetic patients. To the best of our knowledge,
this study is the first report of the effect of the
FGA -58G/A polymorphism on the severity of CAD
complication in diabetes. We have observed that
AA genotype and minor A allele of the FGA
-58G/A polymorphism was associated with an
increased risk of DM in this population. This result
supported the previous study reported by Hwang

et al™!

which suggested that major G allele of
this polymorphism had a protective effect on DM.
Our study also found that diabetic individuals
carrying the minor A allele of the polymorphism
were independently associated with ACS. Thes
results suggested that the FGA -58G/A polymorphi
may affect the occurrence and severe progféssion
of atherosclerosis in type 2 DM. ev he

mechanism that links genetic variations®@f the

CAD complication jge
remained unc 0 date, genome-wide
association studies (@WAS) have identified a large

number of robust asso

ations between genetic
variations and type 2 DM. Ban HJ and colleagues *?
found that the FGA -58G/A polymorphism
combined with the rs9658173 of peroxisome
proliferator-activated receptor PPAR-O (PPARD)
gene was associated with contributing risk of type
2 DM, through elevating the levels of FBG %\

Moreover, the polymorphism was significantly

related to the increased plasma levels of TG and
TC “. Therefore, this polymorphism may have a
possible role in the developing of DM via
modulating plasma concentrations of lipids and
glucose.

Mannila et al. “’ demonstrated that the
FGA -58G/A polymorphism appeared to influence
the relation between plasma fibrinogen
concentration and fibrin clot porosity. They found
that the presence of homozygous for the A allele
leads to increase fibrinogen concentration and

decrease fibrin clot pof@sity. In addition, prior

(rs6050)"™". As Thr312A-
nces clot stability through

(25)

Xl cross-linking”” leading to

thicker fibrin fibers which resist to lysis “?. This
m n evidence to explain a possible effect
FGA -58G/A polymorphism on an increased
S risk in patients with DM. However, it should
be noted that the sample size was not large
enough which might have reduced the statistical
power of tests. Thus, further investigation with a
larger sample size is needed to elucidate the
effect of FGA -58G/A polymorphism on ACS in type

2 DM.

Conclusions

The present study has demonstrated the
association of the FGA -58G/A polymorphism with
ACS in type 2 DM. This relationship suggested the
importance of genetic variations of the FGA
-58G/A which may eventually be used as the ACS

risk assessment in diabetic individuals.
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