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Postoperative Pain and Blood Loss of Non-use Compared to Partial-use of

a Tourniquet in Bilateral Total Knee Replacement: A Randomized-Control Trial

Performing total knee arthroplasty (TKA) without using a tourniquet, can reduce particularly the magnitude
difference in pain and postoperative wound complications better than using the tourniquet as well as lack of
significant differences in blood loss.

“Cross over RCT Design”

. . . of tourniquet use in TKA.
with bilateral severe OA knee We aim to compare 2 techniques.
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Hormonal Therapies Outcomes
» Progestin » Pain improvement
» Combine oral contraceptive » QoL enhancement
» GnRH agonist » Adverse effects
» GnRH antagonist » Recurrence

» Aromatase inhibitor

Systematic Review

Progestins are similarly effective and could be more effective than

Q 19 studies @ other hormonal therapies.
@ 11 countries '
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ABSTRACT

Objective: A systematic review was conducted with a study compilation of women with endometriosis in determining
the evidence of the use of various progestin modalities compared to other hormonal therapies in improving
endometriosis-associated pain, enhancing quality of life (QoL) and minimizing adverse effects and recurrence of
disease.

Materials and Methods: This review carried out search strategies on various searching databases to analyze all
comparisons of various progestin-only therapies with each other, other types of hormonal therapies, and placebo.
The primary outcome is improvement of endometriosis-associated pain. Meanwhile, the secondary outcomes are
the impact on QoL or treatment satisfaction, adverse effects, and disease recurrence.

Results: Progestogen (including progestin-only contraceptives) combined oral contraceptives (COC), gonadotropin-
releasing hormone (GnRH) agonists, and antagonists are the hormonal therapies that were included in this
study. These hormonal therapies significantly decrease the symptoms and increase the patient’s QoL, particularly
dienogest, the most used progestogen in the study. The recurrence of the disease was mentioned when progestin-
only contraceptives were compared to each other, GnRH agonists and antagonists, which were similar. In addition,
almost all of the studies mentioned that irregular bleeding was the most commonly observed adverse effect.
Conclusion: Progestin-only contraceptives are similarly effective and could be more effective than other hormonal
therapies in decreasing endometriosis-related symptoms, improving QoL, recurrence rate and minimizing
adverse effects. This study also concludes that there is no definite statement on the superiority of specific kinds or

administration routes of progestogen to other types of progestin or hormonal therapies.

Keywords: Endometriosis; progestin; hormonal therapy (Siriraj Med J 2025; 77: 373-391)

INTRODUCTION

Endometriosis is a chronic hormone-dependent
gynaecological disorder that can be distinguished by the
growth and appearance of similar histological components
of endometrial glands (epithelial and stromal) outside
the anatomical cavity of the uterine. This prevalence
of endometriosis in women of reproductive age is
approximately 10-15%, although it can rise as high as
70% among women with chronic pelvic pain (CPP).' The
most common clinical manifestations are persistent pelvic
pain and impaired fertility. Intermenstrual haemorrhage,
dysmenorrhea, and dyspareunia, along with bowel and
bladder symptoms such as dyschezia and dysuria, can
also present as symptoms of endometriosis.”

Nowadays, there are specific options for treating
symptomatic endometriosis, including hormonal
therapies, surgical intervention, or a combination of
both.”* The approach to treating endometriosis requires an
individualized-based therapy based on personal preference,
efficacy, severity of symptoms, adverse effects, costs, and
availability to determine an efficient treatment method.
Therefore, hormonal therapy is one of the most frequent
and recommended treatments because it suppresses
menstruation and ovulation in order to control the disease
and clinical manifestations. In endometriosis, hormonal
therapy works by disrupting the menstruation cycle in
the deactivation of the hypothalamus-pituitary ovary

axis by causing a pseudo-decidual state with consequent
amenorrhea, which in turn prevents the progression of
the disease.””

According to the European Society of Human
Reproduction and Embryology (ESHRE) guidelines,
progestogen or progestin is a recommended first-line
choice of hormonal therapy for endometriosis.* Progestin
has multiple mechanisms in progesterone receptors that
induce beneficial effects in reducing the progression of
endometriosis and relieving pain.’ This therapy has many
options of modalities for patients, so it can be convenient
for women with endometriosis who prefer not to worry
about daily pill-taking or monthly injections. Also, it is
suitable for women with estrogen tolerance due to its
side effects and health risks. The most common adverse
effects include irregular uterine bleeding, mood swings,
weight gain, and decreased density of bone. However,
progestin has a lower incidence of side effects than
other hormonal therapies and rarely causes treatment
abandonment. Approximately two-thirds of patients are
satisfied as their symptomatic endometriosis improves
to some extent.’

The available progestins that can be administered
to patients include oral, intramuscular, subcutaneous, or
intrauterine routes. Although there are many different types
of progestin, the most frequent progestins that are utilized
are dienogest (DNG), norethindrone acetate (NETA), which
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is available in the oral route, and medroxyprogesterone
acetate (MPA), which is administered via oral, intramuscular,
and subcutaneous.”* However, as time passes, the excess
kinds of progestins have various outcomes in the therapy
in treating endometriosis. Furthermore, the necessity of
providing better evidence must be attempted. Therefore,
this systematic review aims to evaluate the efficacy of
various progestin modalities for treating endometriosis. It
compares these treatments with other hormonal therapies
in reducing symptoms, minimizing adverse effects, and
preventing recurrence.

MATERIALS AND METHODS
Literature search

A systematic review of the efficacy of different
progestin modalities compared to other therapies
in women with endometriosis was conducted using
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) criteria. The relevant articles
were selected through a search in PubMed, Cochrane,
Science Direct and Google Scholar. We apply keywords
such as “Endometriosis OR Endometrium Ectopic”
AND “Progestin OR Progestogen.” The database search
was made in March 2024 and included articles from 1
January 2014 to 29 February 2024.

Study selection

The inclusion requirements for this systematic
review are randomized controlled trials (RCTSs), clinical
trials, retrospectives, and observational studies that
used progestin modalities compared to other progestin
therapies, hormonal therapies, placebos, or without
treatment. We selected studies that involved women with
surgery-based diagnosis (with or without histopathologic
confirmation) and validated radiology-based diagnosis by
magnetic resonance or ultrasound of endometriosis. The
primary outcome is the improvement of endometriosis-
associated pain or symptoms. In addition, the secondary
outcomes are the impact on quality of life (QoL), adverse
effects, and disease recurrence. Meanwhile, the excluded
criteria for this systematic review are non-fully accessible
articles, non-English articles, and other study methods
not mentioned in the inclusive criteria. The results of
assessing the database will be extracted into an extraction
table. (Table 1)

Data extraction

The included studies will be extracted to obtain data as
follows: (1) Author’s name, year of study, country (2) Type
of progestin therapy (3) Study design (4) Diagnosis method
of endometriosis (4) Type of intervention comparator

...................................... Original Article SM]

(5) Result of study (6) Included participant (7) Evaluated
outcome.

Risk of Bias Analysis

The Cochrane Collaboration’s Risk of Bias Assessment
Tool assessed the risk of bias analysis from the included
study in the Review Manager 5 application. The overall
quality was moderate. The risk of bias assessment was
examined by each study’s risk of bias and the overall
percentage of each risk of bias component judgment,
as shown below.

RESULTS

The predetermined search term identified 367
references published from 1 January 2014 to 29 February
2024. After checking for duplicates, 193 references were
removed so that 111 references would be screened for
their eligibility. Eighty references were excluded from
being included because the studies could not be accessed.
These 19 studies fulfilled the inclusion criteria. Fifty-five
studies were excluded for the following reasons: irrelevant
population, unrelated interventions, different outcomes
measured, and incomplete data. (Fig 1)

Progestin, compared to other progestin therapies

Inastudy conducted by Lee et al,, it evaluated dienogest
(DNG), levonorgestrel-releasing intrauterine system
(LNG-IUS), and untreated women with laparoscopically
confirmed endometriosis. Endometriosis-associated
pain was significantly lower in the DNG and LNG-IUS
than in the untreated group, where the VAS scores
were not significantly different after 6- and 12-month
interventions. The rate of endometriosis recurrence was
higher in the untreated group than in the treated group.
Meanwhile, the side effects of both interventions are not
substantially different between DNG and LNG-IUS. The
most frequent adverse reaction was vaginal bleeding,
which is self-limited in most patients.®

Carvalho et al evaluated the efficacy of etonogestrel
(ENG)-releasing contraceptive implant compared to
LNG-IUS in surgical and histopathological diagnosed
endometriosis. Dysmenorrhea and noncyclic pelvic
pain were significantly reduced in both groups with
no statistical difference from each other. There was an
improvement in the patient’s QoL in both groups, but
the difference was not shown significantly.’

Meanwhile, a clinical trial that Vahid-Dastjerdi carried
out compared the effectiveness of two oral progestins, DNG
and medroxyprogesterone acetate (MPA), in surgically
confirmed endometriosis. The reduction of pelvic pain
was significantly different in contrast to dysmenorrhea

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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TABLE 1. Summary and results of the included study.

Author, Progestin Type of Type of Comparator Participants  Outcome Evaluated Result
Year, Therapy Study Diagnosis Included Pain QoL  Recurrence Adverse
Country Effects

Progestin vs Progestin

KH Lee etal., Dienogest Retrospective  Surgical 52-mg 20-mg/d 130 vs 72 Yes Yes Yes - The VAS score reduction of pain in
2018, 2 mg/ Oral Cohort LNG-IUS and vs 83 dienogest, LNG-IUS, and untreated groups
South Korea. no treatment significantly differed after 6 and 12 weeks

(p = 0.004 and p =0.001, respectively).

- The recurrence incidence between
dienogest (3.8%), LNG-IUS (9.7%) and
untreated groups (32.5%) was significantly
different (p = 0.001).

- There was an unnoticeable difference
(p = 0.381) in the side effects rate between
dienogest (36.9%) and LNG-IUS (29%).

- The most observed side effect was vaginal

bleeding.
Carvalho, N Etonogestrel/ Randomized  Surgical + 52-mg 20-mg/d 52 vs 51 Yes Yes - The VAS score of noncyclic pain and
etal., 2018, Implant Clinical Trial ~ Histopatho- ~ LNG (IUS) dysmenorrhea reduced significantly in both
Brazil. logical groups after 180 days. (p < 0.001).

- There were no significant differences in the
mean VAS score of noncyclic pelvic pain
and dysmenorrhea of both treatments after
180 days. (p = 0.241 and p = 0.431,
respectively).

- The quality of life’s assessment showed
substantial improvement in all the domains of
the core and modular segments of the EHP-
30 questionnaire in both treatment groups
(p < 0.05), with no statistical differences
between them (p > 0.05).
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TABLE 1. Summary and results of the included study. (Continue)

Author,
Year,
Country

Vahid-
Dastjerdi,
M et al.,
2023, Iran

Progestin
Therapy

Dienogest
2mg/ Oral

Type of Type of

Study Diagnosis

Randomized  Surgical
Clinical Trial

Progestin vs Combined Oral Contraceptive (COC)

Kashi,
AMetal.,
2021, Iran

Dienogest
2mg/ Oral

Randomized  Surgical
Double-

Blinded

Clinical Pilot

Comparator

10 mg MPA
(Oral)

EE 30 pg +
Levonorgestrel
0.3 mg (Oral)
and Placebo

Participants
Included

48 vs 53

30 vs 30
vs 20

Outcome Evaluated

Pain

Yes

Yes

QoL

Yes

Recurrence Adverse

Yes

Effects

Yes

Yes

Result

The measured endometriosis-related pain
was significantly lower in the dienogest group
than in the MPA group (p < 0.001).

The recurrence incidence of endometriosis
between both groups was not different
statistically (p = 0.4).

The drug-related side effects were
significantly different between both groups

(p <0.001).

The VAS score between dienogest and COC
showed significantly lower scores for pelvic
pain (p = 0.026) and dyspareunia (p = 0.04)
than the placebo group. Meanwhile, there
was no meaningful difference for dysuria

(p = 0.378) and dyschezia (p = 0.547).
There was a consequential difference in the
overall quality of life score (p = 0.001).

The treatment-related side effects were
spotting, hair loss, headache, nausea, hot
flashes, backache, hand numbness, and skin
dryness, with no significant difference
between the three groups

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin Type of Type of Comparator Participants  Outcome Evaluated Result

Year, Therapy Study Diagnosis Included Pain QoL  Recurrence Adverse

Country Effects

Caruso, S Dienogest Randomized  Radiological 1.5 mg 17b- 98 vs 99 Yes Yes - Pain improvement was assessed by the CPP

et al., 2022, 2mg/ Oral Clinical Trial estradiol / E2 VAS score that was statistically meaningful

Italy and 2.5 mg (p < 0.001) until 12 months of follow-up.
Nomegestrol - The significant improvement of CPP
acetate / (p <0.01), dysmenorrhea (p = 0.02), and
NOMAC (Oral) dyspareunia (p = 0.003) between both groups

was shown at the 6 months of follow-up.

- The overall quality of life score in the
dienogest group had better SF-36 somatic
(p < 0.01) and FSFI scores (p < 0.006) than
women on E2/NOMAC after 6 and 12 months

of treatment
Niakan, G Dienogest Randomized  Surgical EE 30 pg + 30 vs 30 Yes Yes Yes - The VAS score of dyspareunia was not
et al., 2021, 2 mg/ Oral Clinical Trial Levonorgestrel vs 30 substantially different after 3 months of
Iran 0.3 mg (Oral) treatment (p =0.11).
and Placebo - The pelvic pain symptoms were significantly

reduced (p =0.003), while dysuria and
dyschezia were not significantly reduced
(p=0.81, p = 0.67, respectively) after 3 months
of treatment.

- The overall quality of life score was
statistically different between the control and
dienogest (p = 0.02) and COC (p = 0.001) but
not statistically different between intervention
groups.

- The observed drug-related side effects were
spotting, hair loss, headache, nausea, hot
flashes, backaches, numbness, and skin dryness,
which were not statistically meaningful
between the three groups (p > 0.05).
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin Type of Type of Comparator

Year, Therapy Study Diagnosis

Country

Piacenti, | Dienogest Prospective Surgical + EE 0,02 mg +

etal., 2021, 2mg/ Oral Cohort Study  Histopatho- ~ Levonogestrel

Italy logical or 0.1 mg (Oral)
Radiological

Taha, LE Dienogest Randomized  Surgical or EE 0.03 mg and

etal., 2021, 2 mg/ Oral Clinical Trial Radiological  Drospirenone
Lebanon 3 mg (Oral)

Outcome Evaluated
Recurrence Adverse

Result

Dienogest significantly reduced CPP

(p =0.002) and dyspareunia (p = 0.021).
Meanwhile, COC significantly reduced
dyspareunia (p =. 0.023).

The physical component quality of life scoring
was substantially improved in the dienogest
and COC groups (p < 0.0001, p <0.034,
respectively). Meanwhile, the mental
component scoring was only substantially
improved in the dienogest group (p < 0.0001).
The most common side effect in both groups
was vaginal bleeding in the first 3 months of
treatment (p <0.001).

Dienogest and COC significantly decreased
the VAS score of endometriosis-related
pelvic pain (p <0.0001), but there were no
significant differences between both groups
(p=0.111).

Both groups have similar improved patient
quality of life, which was statistically
meaningful on the core question of pain.

(p <0.001).

Dienogest has fewer side effects than the
COC.
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin Type of Type of Comparator Participants = Outcome Evaluated Result
Year, Therapy Study Diagnosis Included Pain QoL  Recurrence Adverse
Country Effects

Progestin vs Gonadotropin-releasing Hormone Agonist (GnRH Agonist)

Abdou, AM Dienogest Randomized  Surgical Leuprolide 121 vs 121 Yes Yes - The VAS score notably reduced pelvic pain,

etal., 2017, 2 mg/ Oral Clinical Trial Acetate 3.75 mg dyspareunia, and back pain (p = 0.000).

Egypt (Intra Muscular - There was no statistically meaningful
Injection) difference in VAS score reduction between

both groups in pelvic pain (p = 0.170),
dyspareunia (p = 0,263) and back pain (p = 0.597).

- The most frequent side effect of the dienogest
group was vaginal bleeding (64.5%) which
was highly substantially different (p = 0.000)
between the two groups.

- The most frequent side effects of leuprolide
acetate were hot flushes (46.3%), which was
highly substantially different (p = 0.00)
between the two groups.

- Other observed side effects were vaginal
dryness (p = 0.001), weight gain (p = 0.02),
which was significantly different, and
headache (p = 0.13), which was not
significantly different between both groups.

Purwanto, J Dienogest Randomized  Surgical Leuprolide 10vs 10 Yes Yes - There was a significantly reduced VAS score

etal., 2020, 2mg/ Oral Clinical Trial Acetate 3.75 mg in the dienogest and leuprolide acetate

Indonesia (Intra Muscular groups every four weeks of follow-up until 12
Injection) weeks (p = 0.004 and p = 0,003, respectively).

However, both groups had a significant
difference in VAS scores (p = 1.00).

- The adverse effects of the treatment were
vaginal dryness, joint pain, decreased libido,
headaches, and hot flashes, which were
substantially different between both groups
(p = 0.238).
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin
Year, Therapy
Country

Tang, M Dienogest
et al., 2023, 2 mg/ Oral
China

Ceccaroni, M  Dienogest
etal., 2021, 2 mg/ Oral
Italy

Ozaki, R Dienogest
et al., 2020, 2mg/ Oral
Japan

Type of
Study

Prospective
Clinical Trial

Randomized
Clinical Trial

Prospective
Clinical Trial

Type of
Diagnosis

Surgical

Surgical

Surgical

Comparator

Leuprolide
Acetate 3.75 mg
(Intra Muscular
Injection)

Leuprolide
Acetate 3.75 mg
(Intra Muscular
Injection)

Goserelin
Acetate 1.8 mg
(Subcutaneous
Injection)

Participants
Included

41 vs 40

65 vs 81

35vs 35

Outcome Evaluated

Pain QoL Recurrence Adverse
Effects

Yes Yes

Yes Yes

Yes Yes

Result

- The VAS pain score showed improvement
and was statistically meaningful between
both groups after 3 and 6 months of
treatment (p < 0.05).

- The Kupperman score was statistically
meaningful between both groups after 3 and
6 months of treatment (p < 0.05), which
assessed the severity of symptoms.

- The postoperative recurrence rate was eight
patients in the dienogest group and two
patients in the GnRH agonist group,
significantly different between the two groups
(p < 0.05).

- Dienogest and GnRH agonists reduced
endometriosis-related pain significantly
(p <0.001).

- There were several observed adverse
effects, such as amenorrhea (p = 0.05) and
hot flushes (p < 0.001), which were
substantially different in GnRH agonist than
dienogest. Meanwhile, spotting (p < 0.001)
was substantially different in dienogest than
GnRH agonist.

- Dienogest reduced endometriosis-related
pain more significantly than GnRH agonists
(p =0.006).

- The side effect that occurred more
significantly in GnRH agonists than dienogest
was hot flashes (p < 0.001).

- Breast pain and metrorrhagia were the side
effects that occurred more significantly in
dienogest than GnRH agonists (p = 0.04 and
p < 0.001, respectively).
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin Type of Type of Comparator Participants = Outcome Evaluated Result
Year, Therapy Study Diagnosis Included Pain QoL  Recurrence Adverse
Country Effects

Progestin vs Gonadotropin-releasing Hormone Antagonist (GnRH Antagonist)

Carr, B MPA 104 mg/ Randomized  Surgical Elagolix 150 mg 84 vs 84 Yes Yes - There was a significantly reduced VAS score

etal, 2014,  0.65 mL/ Clinical Trial daily and Elagolix vs 84 in the dienogest and leuprolide acetate

USA. Subcutaneous 75 mg twice a day groups every 4 weeks of follow-up until 12
Injection weeks (p = 0.004 and p = 0,003, respectively).

However, neither group had a notable VAS
score difference (p = 1.00).

- The adverse effects were vaginal dryness,
joint pain, decreased libido, headaches, and
hot flashes, which were not statistically
meaningful between both groups (p = 0.238).

Progestin vs Aromatase Inhibitor

Acien, P Levonorgestrel Randomized  Radiological Anastrozole 1mg 15vs 16 Yes Yes - Anastrazole and LNG-IUD reduce
etal., 2021, /1US Clinical Trial endometriosis-associated pain with a
Spain. substantial difference (p = 0.048) in the first

year of follow-up.

- The recurrence rate between both groups
was similar by the end of follow-up, but
LNG-IUD tends to reoccur more rapidly than
anastrozole.
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TABLE 1. Summary and results of the included study. (Continue)

Author, Progestin
Year, Therapy
Country

Progestin vs Placebo

Tanmahasamut, Desogestrel

Petal,2017. 0.075mg/
Thailand. Oral

Lang, J Dienogest
etal., 2017. 2mg/ Oral
China

Yu, Q, Dienogest
et. al., 2018. 2 mg/ Oral
China

Type of
Study

Randomized
Clinical Trial

Randomized
Clinical Trial

Randomized
Clinical Trial

Type of
Diagnosis

Surgical

Surgical

Surgical

Comparator

Placebo

Placebo

Placebo

Participants
Included

19vs 19

126 vs 129

109 vs 110

Outcome Evaluated

Pain QoL Recurrence Adverse
Effects

Yes Yes

Yes Yes Yes

Yes Yes Yes

Abbreviations: LNG-IUS = Levonorgestrel Intrauterine System, MPA Medroxyprogesterone Acetate, EE = Ethinyl Estradiol

Result

Desogestrel has significantly reduced the
VAS score of pelvic pain, dysmenorrhea,
and noncyclic pelvic pain (p = 0.005,

p = 0.005, p = 0.007, respectively). However,
there was no meaningful statistical difference
in the VAS score of dyspareunia (p = 0.342).
The most frequent side effect of the
treatment was menstrual alteration, which
was consequently different in both groups

(p <0.001).

Dienogest has significantly reduced
endometriosis-associated pelvic pain over
placebo (p < 0.0001).

Diegonest has improved patients' quality of
life.

The most frequent adverse effect was vaginal
bleeding.

Dienogest has significantly reduced
endometriosis-associated pelvic pain over
placebo (p < 0.0001).

Diegonest has improved patients' quality of
life.

The most frequent adverse effect was vaginal
bleeding.
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and dyspareunia, which were not significantly different in
both groups. The recurrence rate between both groups was
not consequently different. Adverse effects were notably
different between both groups, with the expected effects
of DNG being headache in contrast to MPA, which was
weight gain.’

Progestin, compared to other hormonal therapies
Combined Oral Contraceptive (COC)

Kashi et al conducted a study comparing effects of
dienogest, contraceptive oral contraceptive pills (COCP)
containing ethinyl-estradiol (EE) and levonorgestrel and
placebo. The results was a significant difference in the
reduction of pelvic pain and dyspareunia between three
groups but there was no significant difference between
dysuria and dyschezia. Assessed QoL shows a notable
difference in the mean score improvement with no
statistical difference post-intervention between the three
groups. There was a low adverse effect rate in the DNG
and COCP groups. The most common side effects were
spotting, hair loss, headache, hot flashes, and nausea,
with unmeaningful difference in complications between
the two groups.’

Caruso et al randomized women with endometriosis
by confirming transvaginal sonography that received
dienogest or COCP containing 17b-estradiol (E2) and
nomegestrol acetate (NOMAC) to evaluate their effectiveness
every 3 months within 12 months. It was reported that
DNG had better improvements than E2/NOMAC, with
unnoticeable differences. Both intervention groups had
improvement in mental and somatic aspects with no
statistical difference. However, DNG had a better somatic
score than E2/NOMAC in 6 and 12 months, which is
statistically meaningful."”’

Another clinical trial performed by Niakan et al
utilized comparison effects of dienogest, COCP containing
EE/Levonorgestrel, and placebo within 12 weeks on
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Fig 1. Risk of bias summary: Review authors’ judgements about each

risk of bias item for each included study.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Fig 2. Risk of bias graph: Review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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Fig 3. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) criteria of the study.

women with surgical confirmed endometriosis. The
mean VAS score of dyspareunia was reduced with no
statistical difference between the three groups. Pelvic pain
was reduced after 3 months post-intervention following
dienogest, COCP and placebo. There is no significant
effect of dienogest and COCP in treating dyschezia or
dysuria. The mean overall score of QoL was substantially
reduced in the three groups. Furthermore, the study
discovered alow rate of adverse effects of dienogest and
COCP, with the most common complications being hair
loss, headache, hot flashes and nausea.'

Piacenti et al managed a study on surgical or
radiological confirmed endometriosis with the therapy
of oral dienogest or continuous EE/Levonorgestrel for
6 months. It was reported that dyspareunia and CPP
significantly decreased, with no statistical difference
between the two groups. QoL was improved, especially in
the physical component, which decreased substantially,
but there was no statistical difference between both
groups. In addition, the study reported vaginal bleeding
as the most frequent side effects.'”

Taha et al. carried out a clinical trial comparing
the efficacy of dienogest and COCP-containing EE/
drospirenone. The study discovered that both interventions

significantly improved the mean VAS score on non-cyclic
pelvic pain; however, there are notable differences in
statistics. Furthermore, CPP had a greater reduction
of severity than dysmenorrhea and dyspareunia in
both groups. The evaluation of QoL improvement was
statistically meaningful, with no statistical differences in
both interventions. The adverse effects encountered by
patients were abnormal uterine bleeding, mood swings,
headache, nausea and breast pain, which is more frequent
in COCP than dienogest."”

Gonadotropin-releasing hormone agonist

After performing a surgical procedure to confirm
endometriosis, Abdou et al. conducted a clinical trial
comparing the effectiveness of dienogest consumed daily to
leuprolide acetate (LA) injected monthly for 12 weeks. The
alteration of the VAS score on pelvic pain, back pain and
dyspareunia is significantly reduced, with no meaningful
statistical difference between both interventions. The
most frequent adverse effect in dienogest was vaginal
bleeding and hot flushes, which were significantly higher
than LA. Meanwhile, the most common adverse effect in
LA is hot flushes and vaginal dryness, which were also
consequently higher than the dienogest."
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Takaesu et al. conducted research on evaluating
the efficacy of dienogest consumed daily and goserelin
acetate injected monthly for 24 weeks and the group
without any treatment assigned. Dysmenorrhea and
CPP have significant improvement during progestin
administration after 3 months of consumption, whereas
it took 6 months for the non-treatment group. The
study reported a gradual pain exacerbation in the three
groups. The study only shows a substantial difference
in recurrence rate between the dienogest and the non-
treatment group. The most frequent side effect is irregular
bleeding in the dienogest compared to goserelin, a hot
flash.”

Purwanto et al. also performed a trial comparing
the effect of therapy between dienogest and LA injected
monthly within 12 weeks on women with laparoscopy-
confirmed endometriosis. There was a decrease of VAS
score in every 4 weeks of assessment in both groups with
only a significant difference in the dienogest group. The
side effects were found after 8 and 12 weeks of therapy.
There are no statistical differences in adverse effects on
both groups.

Another research comparing the efficacy of dienogest
and LA was conducted by Tang, Yang and Zhang on
women with post-laparoscopic surgery in a 6-month
observation. The average postoperative VAS score in both
groups decreased; however, it only showed a statistically
significant decrease in VAS score in the dienogest group.
The recurrence incidence was eight patients in the dienogest
with a 77.5% effectiveness rate and two patients in the
LA group with an 82.9% effectiveness rate."”

Ceccaroni et al. compared two postoperative
endometriosis treatments: oral dienogest and injection
LA for 6 months for 30 months. It was found that both
dienogest and GnRH agonists had noticeable reductions
in dysmenorrhea, dyspareunia, dyschezia and CPP.
The most frequent adverse effects of the dienogest were
hot flushes in contrast to GnRH agonist, which was
amenorrhea. Furthermore, there was a significantly lower

16

incidence of amenorrhea and hot flushes in the GnRH
agonist group than in the dienogest group. Meanwhile,
there was a significantly higher incidence of spotting in
the GnRH agonist group than in the dienogest group.18
Ozaki et al. carried out a clinical trial comparing the
treatment outcome of post-laparoscopic endometriosis
patients with daily oral dienogest and goserelin acetate
injected monthly within 3 months. The comparison of
preoperative and 4-month postoperative pain related
to endometriosis was significantly lower in dienogest-
administered patients than in goserelin acetate-injected
patients. As for the adverse event, it showed that the

incidence of hot flashes was lower in dienogest than in
glycol acetate. In contrast, the incidence of breast pain
and metrorrhagia was considerable higher statistically
in goserelin acetate than dienogest."”

Gonadotropin-releasing hormone antagonist

Carr et al. conducted a randomized trial study
comparing the outcome of depot medroxyprogesterone
acetate (DMPA) administered subcutaneously on weeks
1 and 12 of treatment in contrast to oral GnRH agonist
administered in two methods of dose (150 mg once daily
and 75 mg twice daily). All treatment groups appeared
to have a significant reduction of baseline VAS score
in endometriosis-associated pain, with elagolix 75 mg
twice a day having more pronounced effects compared
to elagolix 150 mg every day and DMPA. The most
frequent elagolix’s side effects were headache, nausea,
and nasopharyngitis, whereas DMPA were headache,
nausea, and upper respiratory tract infection.”
Aromatase inhibitor

A clinical study performed by Acien et al. to determine
the efficacy of a levonorgestrel-releasing intrauterine
device (LNG-IUD) within 6 months and an aromatase
inhibitor, which was anastrozole daily on patients with
ultrasound-confirmed endometriosis. All endometriosis-
related pain significantly improved in all groups during
and after 6 months, and the most significant improvements
observed were dysmenorrhea and CPP with anastrozole
administered to the patient. Nevertheless, there was only
a substantial difference between the anastrozole and
non-anastrozole groups in the 1-year follow-up. The
recurrence rate was similar between both groups (50%),
but there was no consequential statistical difference.”

Placebo

A double-blinded, placebo-controlled, randomized
study conducted by Tanmahasamut et al. assessed the
efficacy of desogestrel daily in reducing endometriosis-
associated pain for 6 months. Both groups significantly
improved from the baseline VAS score in all types of pain.
Desogestrel had a notable statistical difference in the VAS
score reduction in overall pain, dysmenorrhea, and non-
cyclic pelvic pain. Four patients were observed to have
moderate-to-severe pain at 6 months post-treatment,
which was significant statistically compared to desogestrel.
Alteration of menstruation patterns was found in the
desogestrel and the placebo, which was meaningful
statistically.”

Another clinical placebo-controlled study was
performed by Lang et al. to determine the effectiveness
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of dienogest in endometriosis for 24 weeks. The study
stated that the VAS score related to endometriosis-
associated pelvic pain (EAPP) was an absolute reduction
from the baseline, which was different considerably on the
statistics after 24 weeks. Also, QoL shows improvement
in the physical and mental health of dienogest. The most
frequent adverse effect was vaginal haemorrhage.”

Yu et al. also conducted a placebo-controlled study
to determine the efficacy of dienogest in endometriosis
for 24 weeks. A mean change of VAS score from the
baseline in EAPP on the dienogest group was found. On
the contrary, the placebo group had a slight decrease in
VAS scores. The study reported improvement in QoL
in almost all physical and mental health domains. A
slight decrease in mental health was observed in the
placebo group, which may have affected the overall
improvement. The most common adverse effect was
vaginal haemorrhage.”

DISCUSSION
Interpretation of findings

Endometriosis is a hormone-dependent chronic
inflammatory condition that needs prolonged therapy
that corresponds to the efficacy of outcomes with
sufficient tolerability. Hormonal therapies are necessary
to be given to women with endometriosis by regulating
hormones in order to prevent symptoms, progression of
severity, and reoccurrence of the disease. Multiple aspects
are considered when choosing the most convenient
therapy, such as age, reproductive status, pain severity,
economic status, possible adverse effects, incidence rate of
recurrence, comorbidities, and many other considerations.
Discontinuation of hormonal therapies tends to cause
disease recurrence. The medication should be focused
on long-term effectiveness with minimal adverse effects.
Hormonal contraceptive therapies for endometriosis
in this systematic review have significant outcomes
in relieving endometriosis-associated pain, enhancing
quality of life, preventing recurrence, and reducing the
incidence of adverse effects.”*

Among the proposed first-line therapies, progestogens
have strong recommendations through their clinical
effectiveness in treating endometriosis. In addition,
progestogens have various modalities, availability, and
affordable costs. Progestin is known for its indication of
prolonged treatment. Dienogest is a fourth-generation
high-selective progestogen, one of the first-line therapies
for endometriosis. It is the first treatment choice due to
its safety, efficacy, availability, tolerability, and affordable
cost. The disadvantage of consuming dienogest might
be the side effects, such as abnormal uterine bleeding;

...................................... Original Article SM]

however, it has a lower side effect than other hormonal
therapies in several studies.”*° Mostly, the studies included
dienogest to be compared to other therapies and showed
more efficacy than other hormonal treatments discussed
below.

Throughout the study, progestogen showed significantly
reduced endometriosis-related pain, lower recurrence
incidence, minimal side effects, and improved quality of life
of patients. Dienogest was compared to LNG-IUS, which
both are effective. However, the comparison of efficacy
was hardly known in contrast to being compared to oral
medroxyprogesterone acetate, in which dienogest was
more effective in relieving pain and had a lower incidence
of adverse effects while the recurrence rate was similar.*
LNG-IUS was also compared to another progestin-
only contraceptives, an etonogestrel implant. Both were
effective as long-term therapies, but both modalities have
no significant difference in therapy outcomes. Therefore,
LNG-IUS and etonogestrel implants are good choices for
women who do not wish to consume medication daily.
However, both modalities need to be administered by
medical professionals due to their expensive cost and the
possibility of unpredictable bleeding. Furthermore, those
modalities may not overcome or control the pain.”**’

Three studies were conducted to determine the efficacy
of progestogen: dienogest and desogestrel, which will be
compared to placebo. Both dienogest and desogestrel were
acceptable and effective as a treatment of endometriosis
in reducing clinical symptoms, refining the quality of life
and reducing the rate of side effects and recurrence.”” **
Dienogest and desogestrel are selective progestins from
nortestosterone derivatives which work specifically
in endometrial tissues. Unlike other nortestosterone
derivatives, dienogest has a lower androgenic effect with
a higher anti-androgenic effect, which is beneficial in
minimizing the effects of changes in fat and carbohydrate
levels, while desogestrel has an androgenic effect. The
selection of the type of progestin used must consider
the androgenic effects, anti-mineralocorticoid effects,
and glucocorticoid effects to minimise metabolic side
effects.”

During the comparison between the progestogens
and COC therapies, all of the progestogen treatments that
were compared were only diengoest to various COCs.
The most COC included in this study was oral ethinyl
EE/levonorgestrel. It was an effective COC in treating
endometriosis. However, dienogest had significantly
reduced pain symptoms and higher quality of life scores
than EE/levonorgestrel, but the incidence of side effects
was similar in both interventions.”'"'> Other combinations
of COC that were studied were the oral EE/ NOMAC
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and EE / Drospirenone, which were also effective, but
still, dienogest has a more significant impact in relieving
symptoms, lower rate of side effects and better quality
of patient life than both COC. COC is safe for long-
term consumption, particularly for women who avoid
unintended pregnancy.'*'**

Another widely studied was the comparison between
progestogens and GnRH agonists. Four studies used
leuprolide acetate injection, which was compared to
dienogest. Most of those studies mentioned that both
hormonal interventions effectively treat endometriosis.
However, dienogest has more advantages, such as it can be
used as a long-term therapy with a lower recurrence rate
and adverse effects than leuprolide acetate, which was only
injected in short-term therapy.'*'*"'¥ Other two studies
included goserelin acetate injection, which mentioned
that dienogest was more effective than goserelin acetate
in reducing endometriosis-associated pain. Regarding
sustainability, dienogest is more sustainable than both
GnRH agonist therapies.>'* Meanwhile, a study determined
the efficacy of progestogens with GnRH antagonist
and aromatase inhibitor, which can be prescribed as a
second-line therapy for endometriosis. A clinical trial
utilizing oral progestin-only contraceptives containing
medroxyprogesterone acetate injected subcutaneously
was compared to oral GnRH antagonist containing
lanolin, mentioning that both hormonal interventions
have a comparable efficacy on endometriosis therapy.”
In addition, it is considered to combine hormone add-
back therapy to avoid loss of bone mineral density in
prescribing sole GnRH agonist and GnRH antagonists.

This review also included one clinical trial using LNG-
IUS compared to oral aromatase inhibitor anastrozole,
which stated that prescribing both hormonal interventions
was more effective than using LNG-IUS solely in reducing
endometriosis-related symptoms. It is similar to guideline

2,28

recommendations that aromatase inhibitors should be
combined with other endometriosis hormonal therapies,
such as progestogens, to reach their maximal efficacy.”
In addition, long-term use of aromatase inhibitors can
increase the risk of osteopenia, osteoporosis, and fracture;
therefore, requires many considerations in prescribing
aromatase inhibitors.”

Practical implications

Nowadays, the recent hormonal therapies include
progestogen, combined oral contraceptive pills, aromatase
GnRH agonists and antagonists in a variety of routes
of administration. guidelines and expert insights have
stated progestogen as an option in endometriosis.”
Still, in choosing the suitable treatment options, it is

recommended for clinicians to decide on an individual-based
approach.’ From all the proposed therapies, progestogen
has appeared to be the foremost option utilized across
nations. Progestogen that is prescribed by consideration of
clinicians due to its side profile effects to each individual.
Among the options of progestogen therapies, dienogest
has emerged to be the most used progestogen.

Dienogest, a 19-nortestosterone derivative, has
been approved as an endometriosis treatment in several
countries. Recently, there have been researches on
investigating the safeness of dienogest to be a routine
prescription on endometriosis in daily practices.”” The
Visanne Post-Approval Observation Study (VIPOS) is
the largest non-interventional study conducted in six
European countries in 7 years. The study mentioned that
dienogest is safe as a long-term treatment for 15 months
and longer with no serious side effects.”” Meanwhile,
The EffectiveNess of VISanne in Improving quality
of life in Asian wOmen (ENVISIOeN), another non-
interventional study carried out in six Asian countries
concluded that dienogest improve patient’s quality of
life and endometriosis-associated pelvic pain in Asian
women. The research also distinguished that dienogest
can be a favorable first-line non-intervention option in
a long-term treatment on alleviating endometriosis-
related symptoms.™

Another treatment approach of endometriosis aside
from hormonal therapies are non-hormonal therapies
and surgery. The widely offered non-hormonal treatment
on endometriosis is nonsteroidal anti-inflammatory
drugs (NSAID). Although NSAID can be prescribed to
patients on reducing endometriosis-associated pain solely
or combined with hormonal therapy, it is incapable of
reducing the progressivity of endometriosis. Also, several
recent guidelines stated a weak recommendation on
NSAID due to its gastrointestinal side effects especially
in a long-term consumption.

Surgery is as effective as hormonal therapy in relieving
endometriosis associated-pain. Indication for surgery
includes ovarian endometriomas, superficial peritoneal
lesions, and deep infiltrating endometriosis that will
decrease ovarian reserve by observing the measured
anti-millerian hormone (AMH) and ultrasonography
measured total of the antral follicles.’”*° In addition,

1,30

4,34

undergoing surgery on endometriosis improves fertility
outcomes by repairing the anatomical abnormalities caused
by the ectopic endometrial implants.”” Nowadays, one
of the most common gynecological intervention, which
is laparoscopy approach has been widely performed on
endometriosis with its lower incidence of post surgery
complications compared to laparatomy.”*” Aside from
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its therapeutic function to endometriosis, laparoscopy
approach also assists clinicians in diagnosing endometriosis
along with MRI."*" Hormonal therapy is suggested to
be prescribed after the surgical intervention to enhance
the outcome of the endometriosis-associated symptoms
and prevent recurrence if the patient would not intend
to get pregnant immediately. Meanwhile, in presurgical
hormone treatment does not improve the surgery outcome
but it is offered to reduce pain symptoms in a waiting
interval as an adjunct before proceeding to surgical
intervention.*

Limitations of study

The limitations of our systematic review are the
limited number of studies carried out on each comparison
of progestogens to other hormonal therapies due to
our strict data inclusion requirement. The evidence
of measured endometriosis-associated pain is diverse
in every study included; therefore, it is challenging to
compare. Furthermore, medication-related decrease in
baseline parameters of pain is an important statement.
However, it can be misleading to the placebo effect due
to producing a high response rate, especially in a short-
term study. A small-scale of populations might lead into
a patient-based preference treatment and homogenous
patients such as age, preference, socioeconomic status
that can affect the interpretation of the investigations
which also can be biased. Meanwhile, a brief follow-up
research, could also influence the final interpretation
mainly by only focusing on symptom improvement
which might overshadow symptoms relapse, adverse
effects and quality of life in the time ahead. A diverse
and long-term follow-up could improve the conclusion
more than previous.

Despite the various kinds of hormonal therapies that
were compared, the distinct number of studies in every
comparison of hormonal therapies made it challenging
to assume the superiority of a specific, especially the
lack of comparison of progestogen with progestogen
itself, GnRH antagonist, and aromatase inhibitor. In
addition, the progestogen that is compared to the placebo
is only dienogest, which is now currently the most widely
used progestogen in most countries. This made other
progestogen effects to treat endometriosis unexplained
well in comparison to placebo.

In terms of future research, identifying more
studies in comparing progestin-only therapies to other
hormonal therapies that might be used as endometriosis
treatment with flexible criterias. By using more adjustable
requirements of study such as a confined measured
outcome could gain more studies than before that can be

...................................... Original Article SM]

beneficial in concluding the findings. Furthermore, more
investigations can be conducted regarding comparing
progestins to other hormonal medications. It is also
acceptable to any other aspect that could be analyzed to
know the distinct superiority of hormonal contraception
in endometriosis treatment, such as laboratory findings
(hormone levels), radiological findings (endometrioma
size), bone mineral density and others.

CONCLUSION

Based on the systematic review, progestogens are
similarly effective or could be more effective than other
hormonal treatments in decreasing endometriosis-associated
pain, improving patients’ life qualities, restraint relapse,
and reducing adverse effects of endometriosis. There is no
well-defined evidence of specific administration routes
of progestogens that are more effective than another
method of administration.
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ABSTRACT

Objective: Surgery poses significant challenges for older adults, potentially leading to functional decline. This study
investigated the incidence and risk factors associated with postoperative functional decline in older adults and
developed formulas to predict its occurrence.

Materials and Methods: This cohort study analyzed patients aged 60 and over who underwent elective abdominal
surgery at a tertiary care center in Thailand. The baseline characteristics including Basic Activities of Daily Living
[BADL] and Instrumental Activities of Daily Living [TADL] scores, preoperative laboratory testing and surgery-
related data were recorded. Functional status was reassessed one month post-surgery.

Results: The study involved 97 participants. One month post-surgery, the incidence of functional decline was 61.9%.
The mean BADL and IADL scores in the functional decline group decreased from 92.8 + 11.3 to 83.5 + 17.8 and
from 4.3 £ 1.3 to 2.3 + 1.3, respectively (p<0.001). Multivariable logistic regression analysis identified age > 70 years
(adjusted OR 3.18, 95% CI 1.11-9.06, p=0.031) and a length of stay > 7 days (adjusted OR 5.03, 95% CI 1.75-14.42,
p=0.003) as factors most strongly associated with functional decline. Formulas created using five factors related
to decline from univariable analyses effectively predicted its occurrence, with AUCs ranging from 0.766 to 0.814.
Conclusion: Over 60% of older adults who underwent abdominal surgery experienced functional decline one
month after surgery. The developed formulas can be used to identify patients at risk and help prevent functional
decline in this population.

Keywords: Activities of daily living; functional status; geriatrics; risk factors; surgery (Siriraj Med ] 2025; 77: 392-402)

INTRODUCTION

The aging of the global population has become
a growing concern in recent years. One of the most
prevalent issues among older adults is functional decline,’
which is characterized by a decreased ability to perform
activities of daily living. This condition poses significant
challenges, adversely impacting their independence,
social interactions, overall life satisfaction, and quality
of life.”

In addition, older individuals often battle diverse
illnesses, including some that may require surgical
intervention. For those in advanced age, undergoing
major surgery represents a critical event that can expose
them to various complications. It can result in both
short-term and sustained functional decline, which can
shorten their survival, increase healthcare utilization, or
even lead to institutionalization after surgery.””

Several studies have sought to identify risk factors
associated with postoperative functional decline and poorer
surgical outcomes in older individuals across various
circumstances.” '* Researchers have also attempted to
predict this decline using predictive indices that encompass
a range of parameters and screening tools with varying
degrees of accuracy.””'* However, for elective abdominal
surgery, which accounts for approximately 40% of all
surgical procedures performed on older patients in our
institution, the frequency and determinants of postoperative
functional decline remain unclear. Furthermore, a simple

and effective method to predict and identify at-risk
individuals has yet to be established.

Against this background, our research aims to
identify the incidence rate and risk factors of functional
decline following elective abdominal surgery in older
adults. Additionally, we aim to utilize these factors to
formulate simple equations that predict its occurrence.
We believe these findings will offer valuable insights into
patient care by aiding in the identification of individuals
at risk, enabling healthcare providers to implement
appropriate interventions, and potentially improving
patient outcomes and recovery trajectories.

MATERIALS AND METHODS
Study design

This prospective cohort study was conducted at a
tertiary care center in Thailand between August 2019 and
March 2021. Corresponding to the statutory retirement age
in Thailand, the inclusion criteria comprised individuals
aged 60 years and older who were undergoing elective
abdominal surgery. The exclusion criteria included patients
scheduled solely for gastrostomy or jejunostomy, as well
as those already in a state of dependence (Barthel Index
< 10).

Measurements
The ASA Physical status serves as a classification
system for assessing the preoperative health status of
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individuals. The scale comprises five classes, ranging
from ASA 1 to ASA 5. Notably, an ASA status of 3 or
higher is reported to be related to poorer postoperative
outcomes."” "

Physical condition was assessed using the Medical
Research Council sum score and a 30-second chair stand
test. The sum score comprises the combined scores from
6 muscle groups in the upper and lower extremities on
both sides."” The score ranges from 0 to 60, and is typically
used to evaluate global peripheral muscle strength. The
30-second chair stand test involves recording the total
number of completed chair stands executed in 30 seconds.
The test assesses lower body strength and endurance in
older adults.”

Functional status was measured by evaluating Basic
Activities of Daily Living (BADLs) and Instrumental
Activities of Daily Living (IADLs) using the Barthel Index
and the Lawton IADL scale, respectively. The Barthel
Index evaluates a patient’s functionality across 10 BADL
items (feeding, grooming, transfer, toilet use, mobility,
dressing, stairs, bathing, and bowel and bladder control)
with a final score ranging from 0 to 100,while the Lawton
IADL scale was used to assess 5 IADL items (ability
to use telephone, shopping, transportation, managing
medications, and managing finances), with an overall
score ranging from 0 to 5. **>** For both indices, scores
are assigned based on the ability to perform each task
independently, and lower scores indicate a higher level
of dependency.

Cognitive function was evaluated using the Thai
Mental State Examination (TMSE). With the maximum
score of 30, a higher score represents better cognitive
function. A cutoff score of < 24 is used to signify the
presence of cognitive impairment.”*

Nutritional status was evaluated by the Mini
Nutritional Assessment short-form (MNA-SF), a validated
tool designed to assess nutritional status in older adults.
The score can range from 0 to 14, with higher scores
indicating better nutrition. Patients with a score of 7 or
lower were considered malnourished.”

Depression was evaluated through the Patient
Health Questionnaire-9 (PHQ-9), which comprises 9
items assessing the frequency of depressive symptoms
experienced by patients. Each item is scored on a scale
from 0 to 3, resulting in an overall score ranging from
0 to 27. A cutoff score of > 9 is applied to identify the
presence of depression.”

Quality of life was assessed using the EQ-5D-
5L questionnaire, which covers 5 dimensions with 5
items each. Responses were converted into an index
value, known as the utility score, utilizing standard

values specific to Thailand. The maximum utility score
is 1, with a higher value indicating a better health state.
Additionally, participants were asked to rate their self-
perceived current health status using the EQ Visual
Analogue Scale (EQ-VAS), which ranges from 0 (worst)
to 100 (best health).

Data collection

Before surgery, a research assistant, uninvolved in
any therapeutic procedures, collected data on patient
demographics, physical condition, functional status,
cognitive function, depressive symptoms, nutritional
status, and quality of life. Preoperative laboratory tests
were conducted to measure hemoglobin, albumin, and
vitamin D levels. After discharge, another research
assistant retrospectively reviewed medical records to
collect perioperative details, including the type of surgery
(upper abdominal, lower abdominal, or urological), surgical
technique (open or laparoscopic), surgery duration,
estimated blood loss (EBL), and length of stay (LOS).
Postoperative complications, such as infectious, surgical,
cardiovascular, respiratory, renal, and neurological issues,
were documented according to established criteria from
previous studies."””” One month after surgery, the initial
research assistant conducted a telephone follow-up
to reassess each patient’s functional status, depressive
symptoms, and quality of life. Of all participants, only
one remained hospitalized and was reassessed directly
in the ward. The participants were then divided into 2
groups (functionally stable and functionally declined)
based on changes in their functional capacity between
baseline and follow-up. In line with a preceding study,
functional decline was defined as a decrease of > 10 points
in BADLs on the Barthel Index or > 2 points in IADLs
on the Lawton IADL scale between the 2 assessments."”

Statistical analyses

Continuous variables with normal distributions are
presented as means + standard deviations, while non-
normally distributed variables are shown as medians
(IQR). Categorical data are expressed as numbers and
percentages. As cut-off points for continuous variables,
such as LOS, EBL, and surgery duration, are typically
determined based on clinical context or operation category,
we employed Receiver Operating Characteristic (ROC)
analyses to define optimal thresholds. These cut-off
values were selected to achieve the best balance between
sensitivity and specificity, as determined by the Youden
index.” The corresponding area under the ROC curve
(AUCQ) values for the selected thresholds are as follows:
LOS > 7 days (0.725), EBL > 550 ml (0.586), and surgery
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duration > 165 minutes (0.598). Associations between
variables and outcomes in the univariable analysis were
assessed using independent t-tests, chi-square tests, or
Mann-Whitney U tests, as appropriate. Comparisons of
BADLs and IADLs within groups were analyzed using
paired t-tests, while comparisons between groups were
analyzed using independent t-tests. A p-value of less than
0.05 was considered significant for all analyses. Factors
showing statistical significance in the univariable analysis
were introduced into a multivariable logistic regression
model to control for potential confounding factors. These
significant factors were also used to formulate predictive
equations for postoperative functional decline. Model
discrimination was assessed by the AUC of each equation.
All analyses were conducted using PASW Statistics for
Windows, version 18.0 (SPSS Inc, Chicago, IL, USA).

RESULTS

A total of 190 patients scheduled for elective abdominal
surgery and meeting the inclusion criteria were approached.
Of these, 100 provided informed consent to participate
in the study. However, 2 were not operated on due to
unstable medical conditions, and 1 died after surgery.
Consequently, these 3 were excluded from the final
study cohort (Fig 1). The remaining 97 participants had
a mean age of 70.2 * 6.6 years, with 64.9% being male.
37.1% had an ASA classification of 3, while the rest had
a classification of 2. The mean TMSE score was 25.1 +

190 patients scheduled for elective
abdominal surgery were approached

...................................... Original Article SM]

3.9, while the mean BADL and IADL scores were 92.8
+11.1 and 4.1 + 1.5, respectively. The mean MNA-SF
score, blood albumin, and vitamin D levels were within
normal ranges and no statistical significance was observed
between the groups (Table 1).

Regarding the operation, 71.1% were open surgeries,
while 28.9% were performed laparoscopically. 69.1%
of the surgical procedures exceeded a duration of 165
minutes. The median LOS was 7 days (IQR 5-10), with
44.3% of participants staying more than 7 days (Table 2).
Nearly one-third of participants (28.9%) had 1 or more
postoperative complications during admission. The
most common complications were infectious, surgical,
cardiovascular, renal, neurological, and respiratory (10.3%,
7.2%, 6.2%, 6.2%, 5.2%, and 4.1%) respectively.

At the one month follow-up, the incidence of
functional decline, as defined previously, was 61.9%.
Within the decline group, 31.7% showed a decrease
in BADLs only, 46.7% in IADLs only, and 21.7% in
both BADLs and IADLs. The BADL items significantly
impacted were mobility, stair climbing, bathing, toilet
use, and bladder control, while all aspects of IADL except
telephone usage were affected. No statistically significant
improvement in EQ-5D-5L utility score was observed
for both the functionally stable and the functionally
declining group. However, the stable group reported a
significantly higher EQ-VAS (self-perceived health) score
post operation than the declining group (77.6 £ 12.3 vs.

87 declined to participate
3 were ineligible:
1 emergency operation

2 medically unstable

Y

100 enrolled

3 dropped out:
2 did not undergo surgery

1 died after surgery

Y

97 included in study cohort

Fig 1. Flow diagram of the study.
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TABLE 1. Baseline characteristics of patients and preoperative laboratory findings.

Variables Total Stable Functional decline p-value
n =97 n =37 n = 60
Age (years), M (SD) 70.2 (6.6) 69.0 (6.6) 70.9 (6.6) 0.175
60-69, n (%) 51 (52.6) 26 (70.3) 25 (41.7) 0.006*
270, n (%) 46 (47.4) 11 (29.7) 35 (58.3)
Sex, n (%)
Male 63 (64.9) 25 (67.6) 38 (63.3) 0.671
Female 34 (35.1) 12 (32.4) 22 (36.7)
BMI (kg/m?), M (SD) 23.7 (3.8) 24.0 (3.9) 23.6 (3.8) 0.601
Education, n (%)
<12 years 71(73.2) 28 (75.7) 43 (71.7) 0.665
> 12 years 26 (26.8) 9 (24.3) 17 (28.3)
Comorbidities, n (%)
Diabetes mellitus 29 (29.9) 10 (27.0) 19 (31.7) 0.628
Hypertension 64 (66.0) 21 (56.8) 43 (71.7) 0.132
Dyslipidemia 35 (36.1) 11 (29.7) 24 (40.0) 0.306
Chronic kidney disease 3(3.1) 0 (0) 3 (5.0) 0.285
Musculoskeletal problems 36 (37.1) 10 (27.0) 26 (43.3) 0.106
ASA physical status, n (%)
ASA 3 36 (37.1) 9 (24.3) 27 (45.0) 0.041*
ASA 2 61 (62.9) 28 (75.7) 33 (55.0)
Ambulatory status, n (%)
Walking 94 (96.9) 35 (94.6) 59 (98.3) 0.556
Chair-bound 3(3.1) 2(5.4) 1(1.7)
Walking assistance, n (%)
With gait aid 11 (11.3) 4(10.8) 7 (11.7) 1.00
Without gait aid 86 (88.7) 33 (89.2) 53 (88.3)
BADL score, M (SD) 92.8 (11.1) 93.0 (10.8) 92.8 (11.3) 0.924
IADL score, M (SD) 4.1(1.5) 3.7(1.7) 4.3(1.3) 0.084
Hemoglobin (g/dl), M (SD) 11.9 (2.1) 12.2 (2.1) 11.6 (2.0) 0.167
Albumin (g/dl), M (SD) 4.0 (0.5) 3.9 (0.4) 4.0 (0.6) 0.812
Vitamin D (ng/ml), M (SD) 25.4 (9.2) 25.8 (8.7) 25.2 (9.6) 0.727
MRC sum score, M (SD) 58.4 (3.3) 58.1 (3.7) 58.5 (3.1) 0.538
30 sec chair stand (times), M (SD) 10.9 (4.1) 11.2 (4.4) 10.7 (4.0) 0.575
MNA-SF score, M (SD) 11.0 (2.7) 11.0 (2.5) 10.9 (2.8) 0.846
TMSE score, M (SD) 25.1 (3.9) 251 (4.4) 25.1 (3.6) 0.949

Continuous data were analyzed using independent t-tests, and categorical data were analyzed using chi-square tests.

* Significant at p-value < 0.05

Abbreviations: ASA, American Society of Anesthesiologists; BADL, Basic Activities of Daily Living; BMI, Body Mass Index; IADL,
Instrumental Activities of Daily Living; M, mean; MNA-SF, Mini Nutritional Assessment short-form; MRC, Medical Research Council;
SD, standard deviation; TMSE, Thai Mental State Examination
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TABLE 2. Surgery-related variables

Variables Total
n =97
Type of surgery, n (%)
Upper abdominal 33 (34.0)
Lower abdominal 29 (29.9)
Urological procedures 35 (36.1)
Method of surgery, n (%)
Open surgery 69 (71.1)
Laparoscopic surgery 28 (28.9)

Surgery duration, median (IQR) 205 (155,285)

> 165 minutes, n (%) 67 (69.1)

EBL, median (IQR) 150 (400,1100)

> 550 ml, n (%) 37 (38.1)
2 1 complication, n (%) 28 (28.9)
LOS (days), median (IQR) 7 (5,10)
> 7 days, n (%) 43 (44.3)

Stable Functional decline p-value
n =37 n =60
16 (43.2) 17 (28.3) 0.132
12 (32.4) 17 (28.3) 0.668
9 (24.3) 26 (43.3) 0.058
21 (56.8) 48 (80.0) 0.014*
16 (43.2) 12 (20.0)
185 (150,260) 207.5 (170,322.5) 0.106
21 (56.8) 46 (76.7) 0.039*
300 (100,700) 490 (150,1280) 0.158
10 (27.0) 27 (45.0) 0.077
7 (18.9) 21 (35.0) 0.090
6 (4,7) 8 (6,12.5) < 0.001*
7 (18.9) 36 (60.0) <0.001*

Categorical data were analyzed using chi-square tests. Non-normally distributed data are presented as median (IQR) and analyzed using

Mann-Whitney U tests.
* Significant at p-value < 0.05

Abbreviations: IQR, interquartile range; LOS, length of stay; EBL, estimated blood loss; ml, milliliter; M, mean; SD, standard deviation

72.8 + 14.9, p=0.023). The stable group also presented
a lower postoperative PHQ-9 score (fewer depressive
symptoms) than the declining group (2.8 +3.2vs.3.9 £
3.7, p=0.051; Table 3).

Factors found to be associated with functional
decline from the univariable analysis were age > 70, ASA
> 3, open surgery technique, surgery duration > 165
minutes, and LOS > 7 days. After a multivariable analysis
adjusting for other variables in the model, the factors
significantly associated with postoperative functional
decline were age > 70 (adjusted odds ratio [OR] 3.18,
95% confidence interval [CI] 1.11-9.06) and LOS > 7
days (adjusted OR 5.04, 95% CI 1.75-14.42; Table 4).
Other variables, including laboratory testing, physical
condition, and nutritional status, showed no significant
association with functional changes after surgery.

The five factors showing statistical significance from
the univariable analysis were used to develop four predictive
equations. These equations incorporated either two, three,
four, or all five factors in order of their significance. To
predict the risk of functional decline, each factor present

in a patient was assigned a value of 1, and its absence a
value of 0. This value was then multiplied by a coefficient
derived from the P coefficient of each factor, representing
its association with decline. If the resulting value from
each equation met or exceeded the cut-off, it indicated
arisk of postoperative functional decline. The predictive
accuracy increased with the number of factors used,
yielding AUCs of 0.766, 0.788, 0.805, and 0.814 for the
two-, three-, four-, and five-factor formulas, respectively.
The five-factor formula showed the best performance,
with an accuracy of 74.2%, a positive predictive value of
83.0%, a negative predictive value of 63.6%, a sensitivity
of 73.3%, and a specificity of 75.7% (p<0.001) (Table 5).

DISCUSSION

This study examined the incidence rate and risk
factors associated with postoperative functional decline
following elective abdominal surgery in older patients. Our
findings revealed that nearly two-thirds of the patients
experienced a decline in function one month after surgery.
Age > 70 and LOS > 7 days were identified as the factors
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TABLE 3. Comparison of pre- and postoperative outcome scores.

Variables Stable n = 37 Functional decline n = 60

Preop Postop Post—Pre Preop Postop Post—Pre p-value
BADL score, M (SD)  93.0 (10.8) 94.5(10.7)  1.5(3.5) 92.8 (11.3) 83.5(17.8) -9.3(11.6) <0.001*
Feeding 10.0 (0) 10.0 (0) 9.8(0.9) 96(1.7) -03(1.7)  0.260
Transfer 14.2 (2.8) 143 (2.7)  0.1(0.8) 14.8(0.9) 14.6(1.7) -03(1.7)  0.202
Grooming 5.0 (0) 5.0 (0) 49(06) 4.8(09)  -01(06) 0435
Toilet use 9.9 (0.8) 9.7 (1.6) 0.1 (0.8) 9.8(0.9) 89(28) -09(2.3)  0.021*
Bathing 47 (1.1) 4.7 (1.1) 48(1.1)  41(.00 -07(1.9)  0.010*
Mobility 14.1 (2.8) 14.3 (2.7) 0.3 (1.1) 145(2.0) 135(3.9) -1.0(3.0)  0.004*
Stairs 9.1 (2.8) 9.3 (2.4) 0.3 (1.1) 9.4(23) 66(47) -2.8(4.6) <0.001*
Dressing 9.9(0.8) 9.9 (0.8) 9.8 (1.1) 9.5(1.5) -0.3 (1.1) 0.083
Bowels 8.8 (3.0) 8.5 (3.3) 0.3 (2.0) 75(4.0) 71(43) -04(35) 0817
Bladder 7.4 (4.2) 8.7 (3.0) 1.2 (3.2) 7.3(4.0) 48(49) -25(45) <0.001*
IADL score, M (SD) 3.7 (1.7) 3.6 (1.8) 0.1 (0.7) 43(1.3) 23(1.3) -1.9(1.3) <0.001*
Telephone 0.9 (0.3) 0.9 (0.3) 0(0.2) 1.0 (0.2) 0.9 (0.3) -0.1 (0.3) 0.266
Shopping 0.6 (0.5) 0.6 (0.5) 0(0.4) 0.9 (0.4) 0.2 (0.4) -0.7 (0.5)  <0.001*
Transportation 0.7 (0.5) 0.6 (0.5) -0.1 (0.3) 0.7(0.5) 0.3(0.5) -0.4(0.5)  0.001*
Managing medications 0.8 (0.4) 0.8 (0.4) 0(0.4) 0.9 (0.3) 0.8 (0.4) -0.2 (0.4) 0.015*
Managing finances 0.7 (0.5) 0.7 (0.5) -0.1 (0.4) 0.8 (0.4) 0.2 (0.4) -0.6 (0.5) <0.001*
EQ-5D-5L, M (SD) 0.87 (0.17) 0.93(0.15) 0.05(0.20) 0.87(0.14) 0.87 (0.19) 0(0.20) 0.209
EQ-VAS, M (SD) 68.5 (16.2) 77.6 (12.3) 9.1(16.1) 72.5(16.3) 72.8(14.9) 0.3(19.2) 0.023*
PHQ-9, M (SD) 4.0 (4.2) 2.8(3.2) -1.2(3.9) 3.3(3.1) 3.9(3.7) 0.6 (4.3) 0.051

* Significant at p-value < 0.05

Abbreviations: BADL, Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; M, mean; PHQ-9, Patient Health

Questionnaire-9; SD, standard deviation

most closely associated with the decline, while other
factors, such as ASA > 3, surgery duration > 165 minutes,
and the use of open surgery techniques, showed a lower
level of association. These findings emphasize the need
for evaluations that address not only surgical risk but also
strategies to mitigate postoperative functional decline,
while highlighting the importance of incorporating
geriatric considerations into surgical care to optimize

patient-centered outcomes. By combining these factors,
we developed a predictive model that integrates commonly
available clinical variables to estimate the likelihood of
functional decline following surgery. This approach
underscores the potential for individualized patient
management and proactive planning, ultimately aiming
to reduce the burden of postoperative morbidity in older
populations.
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TABLE 4. Results of multivariable logistic regression analysis to determine predictive factors for postoperative
functional decline.

Variables B coefficients Crude odds ratio p-value Adjusted odds ratio p-value
(95% ClI) (95% ClI)

Age 270 years 1.155 3.30 (1.38-7.91) 0.006 3.18 (1.11-9.06) 0.031*

ASA =3 0.621 2.55 (1.03-6.31) 0.041 1.86 (0.62-5.59) 0.268

Open surgery 1.088 3.05 (1.23-7.55) 0.014 2.97 (0.98-8.99) 0.054

Surgery duration > 165 min 0.982 2.50 (1.04-6.06) 0.039 2.67 (0.93-7.68) 0.069

LOS > 7 days 1.614 6.43 (2.43-16.98) < 0.001 5.03 (1.75—-14.42) 0.003*

* Significant at p-value < 0.05
Abbreviations: ASA, American Society of Anesthesiologists; LOS, length of stay. Each variable was adjusted for other variables included
in the model.

TABLE 5. Receiver operating characteristics of the predictive formulas.

Formula characteristics Two-factor formula Three-factor formula Four-factor formula Five-factor formula

AUC 0.766 0.788 0.805 0.814

p-value
Accuracy (95%Cl)
PPV (95%Cl)
NPV (95%Cl)
Sensitivity (95%Cl)

Specificity (95%Cl)

<0.001

74.2% (64.3-82.6)
76.9% (68.9-83.3)
68.8% (54.1-80.4)
83.3% (71.5-91.7)

59.5% (42.1-75.2)

<0.001
75.3% (65.5-83.5)
82.1% (72.7-88.8)
65.9% (53.9-76.1)
76.7% (64.0-86.6)

73.0% (55.9-86.2)

<0.001
73.2% (63.2-81.7)
85.4% (74.6-92.1)
61.2% (51.3-70.3)
68.3% (55.0-79.7)

81.1% (64.8-92.0)

<0.001
74.2% (64.3-82.6)
83.0% (73.1-89.8)
63.6% (52.5-73.4)
73.3% (60.3-83.9)

75.7% (58.8-88.2)

Abbreviations: AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value;
LOS, length of stay

Two-factor formula: LOS (> 7 days) x 18 + Age (= 70 years) x 11, cut-off value > 11

Three-factor formula: LOS (> 7 days) x 16 + Age (= 70 years) x 13 + Open surgery x 10, cut-off value > 15

Four-factor formula: LOS (> 7 days) x 16 + Age (= 70 years) x 13 + Open surgery x 10 + Surgery duration (> 165 min) x 10, cut-off value
>28

Five-factor formula: LOS (> 7 days) x 16 + Age (> 70 years) x 12 + Open surgery x 10 + Surgery duration (> 165 min) x 10 + ASA (23) x
6, cut-off value > 27

The presence or absence of each factor is assigned a value of 1 or 0, respectively.
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Age has consistently been identified by numerous
studies as a predictor of worse surgical outcomes,”” """’
with some research also reporting a significant association
between longer LOS and functional decline after surgery.”"”
Conversely, while higher ASA classification, longer
operation time, and the distinction between major and
minor operations have been recognized by certain studies
as factors linked to functional decline or undesirable
surgical results,
association.”” For instance, a study by Yamaguchi et
al. on postoperative functional decline identified higher
ASA score and major surgery as contributing factors but
found no significant relation between longer operation
time and this outcome." In contrast, a study by Zattoni
et al. reported no significant association between major
operations or higher ASA scores and functional decline."”

Nonetheless, a combination of these factors can
effectively predict functional decline. Patients of advanced
age, particularly those with multiple comorbidities or
scheduled for open surgery, should be thoroughly prepared
for the physiological stress of surgery. Moreover, patients
undergoing prolonged surgeries or extended hospital
stays require close monitoring for functional changes
to ensure timely interventions and mitigate potential
decline. Employing our developed predictive equations can
further aid in the early identification of at-risk individuals,
enabling the implementation of preventive strategies.

Examining the specific ADLs affected can provide
valuable insights for delivering effective strategies to
prevent such declines. In the decline group, several
BADLs showed significant deterioration, particularly in
stair climbing, mobility, bathing, toilet use, and bladder
control (Table 3). While surgeries involving the urological
system may impact bladder function, the broader decline
in other areas indicates challenges related to overall
physical mobility. Therefore, implementing strategies
to maintain patients’ physical capabilities, such as early
mobilization, is crucial. Early mobilization is also a core
component of the ERAS pathways and has been shown
to offer numerous postoperative benefits, including
improved physical function, reduced risk of complications,
and shorter hospital stays.

In terms of IADLs, all aspects except telephone usage
were negatively impacted. While this too could partly be
attributed to the aforementioned difficulties in mobility,
which is reported to be one of the significant predictors of
IADLs function,” postoperative delirium (POD) might be
other aspect to be considered. POD is reported to be one
of the factors associated with decreased IADL functionality
after surgery.” "’ However, in our study, through the

1514 other studies have found no such

31-36

reviews of medical records we identified only 4 cases
(4.1%) of POD, with no statistically significant differences
between the functional stable and the decline groups.
Future studies with larger sample sizes and standardized
POD identification protocols are needed to clarify the
relationship between POD and IADL functionality and
to establish effective preventive strategies.

As for predicting postoperative functional decline,
several strategies have been proposed across different
surgical scenarios. Yamaguchi et al. used total psoas muscle
volume measured by CT scans to predict decline following
emergency abdominal surgery, achieving a good predictive
value (AUC =0.802 from ROC analyses)."” Another study
by Fukuda et al. utilized multiple routine medical data
to create complex predictive equations for decline after
hip fracture surgery.'* Two other studies by Zattoni and
Hoogerduijn employed screening tools—the Flemish
version of the Triage Risk Screening Tool (fTRST) and
the Identification of Seniors at Risk-Hospitalized Patients
(ISAR-HP)—to predict decline in emergency and cardiac
surgery, with AUCs of 0.72 and 0.73, respectively.'”'

Nevertheless, to the best of our knowledge, no
published study has specifically addressed the prediction
of decline following elective abdominal surgery. Based
on the risk factors for postoperative functional decline
identified in this population, our predictive equations
can effectively forecast its occurrence without requiring
additional investigations or complex calculations. Given
the limited resources, these formulas are valuable tools
for healthcare providers. By identifying patients at higher
risk of postoperative functional decline, clinicians can
prioritize resources for those who are most likely to
benefit. This targeted approach could help optimize
patient outcomes and enhance overall care quality and
efficiency for patients undergoing elective abdominal
surgery.

However, our study has several limitations. First,
postoperative complications were identified exclusively

16

through medical record reviews, which may limit the
completeness of the data. Additionally, participants were
reassessed only one month after surgery. Extending the
follow-up period could provide valuable insights into
the long-term trajectory of patients’ functional capacities
post-surgery. Third, the data for this study were collected
prior to the full implementation of the ERAS pathway at
our institution. Future research conducted after its full
adoption could provide a clearer picture of how these
strategies impact both the incidence and prognosis of
functional decline. Lastly, while the developed formulas
demonstrated good performance within the studied
sample, further validation is necessary to confirm their
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broader applicability.

CONCLUSION

More than 60% of Thai older adults undergoing
elective abdominal surgery are likely to experience
functional decline one month after the procedure. Age
>70and LOS > 7 days were found to be the factors most
strongly associated with this decline. The predictive
formulas developed using these factors could be useful
for early postoperative risk stratification and guiding
timely interventions. These findings highlight the need
for proactive measures to mitigate this deterioration
and emphasize the importance of tailored strategies to
preserve functionality in this population.
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ABSTRACT

Objective: Determine the effects of exercise through telerehabilitation (TR) on balance and walking speed in older
adults with diabetic peripheral neuropathy (DPN).

Materials and Methods: An observer blinded randomized controlled trial was conducted at Sirindhorn School
of Prosthetics and Orthotics. Participants age 260 years with type 2 diabetes, DPN, and a moderate to high risk of
diabetic foot ulcer were randomly assigned to an intervention group who underwent an eight-week TR exercise
program (2 x 60 min/week) and a control group who received standard hospital care. Outcome measures were
balance (Berg Balance Scale, BBS), walking speed (10-Meter Walk Test, I0MWT), and satisfaction. Differences in
change between the groups were analyzed using Mann Whitney U (MWU) test or t-test for independent samples.
Results: Forty-four participants were included (intervention: n=22; control: n=22), with 18 and 21 completing the
study, respectively. The median age [IQR] was 69.5 [63, 72.8] years in the intervention group and 67 [65, 74] years
in the control group. No differences between groups were found in baseline characteristics and initial outcomes. The
intervention group demonstrated significantly greater improvements than the control group in BBS scores (median
change [IQR]: 6.5 [4.8,5.2] vs. -1 [-1, -2], P<0.001, MWU test) and I0MWT time (mean change -1.9 seconds [95%
CI: -2.5, -1.3] vs. -0.1 seconds [95% CI: -0.5, 0.4], P<0.001, independent t-test). The intervention group was highly
satisfied with the program.

Conclusion: This exercise through TR improves balance and walking speed in older adults with DPN. High

satisfaction supports its feasibility and acceptability.

Keywords: Balance; diabetes; exercise; telerehabilitation; walking speed (Siriraj Med ] 2025; 77: 403-410)

INTRODUCTION

According to the International Diabetes Federation
2021, diabetes is a rapidly escalating global health crisis
in the 21 century. The report estimated that around 537
million adults (20-79 years) were living with diabetes in
2021, which is estimated to increase to 643 million by
2030, and 783 million by 2045.' Type 2 diabetes (T2DM)
is the most prevalent type of diabetes, representing
about 90% of all diabetes cases worldwide.” One of the
most prevalent chronic complications of diabetes is
diabetic peripheral neuropathy (DPN), characterized by
paresthesia, especially in the feet and hands.” DPN can
lead to decreased proprioception’, reduced foot-ankle
range of motion, and diminished muscle strength*,
resulting in impaired postural stability, functional gait,
and balance. These impairments significantly increase the
risk of falls, especially in older adults. Moreover, DPN
is a major cause of foot ulceration and amputation.”"

Exercise has been an essential aspect of non-
pharmacological treatment for DPN."" Evidence suggests
that exercise programs, including walking, balance
training, and lower limb strengthening exercises, can
decrease the risk of falls in older adults with DPN."* "¢
However, many patients are unable to participate in
the offered exercise programs due to barriers such as
long-distance travel or work commitments."” During the
COVID-19 pandemic, physical therapists (PTs) adapted
their practices to maintain rehabilitation services while

adhering to healthcare safety measures. Some PTs began
implementing telerehabilitation (TR).” TR, a system
to manage or monitor remote rehabilitation through
communication technologies might be an option."* This
approach not only saves time and resources in healthcare,
but also provides convenience and flexibility, allowing
information to reach a broader audience, including those
in remote areas.'””

Therefore, we developed an exercise program for
balance and gait training, amid the COVID-19 pandemic.
This program was delivered through TR and supervised
by a PT. Thus, this study aimed to analyze effects of TR-
based exercise program on balance and walking speed
in older adults with DPN compared to no intervention.

MATERIALS AND METHODS
Research design

This observer-blinded randomized controlled trial
was conducted at the Sirindhorn School of Prosthetics and
Orthotics (SSPO), Faculty of Medicine Siriraj Hospital,
Mahidol University, Thailand, between October 2021 and
January 2024. The study conformed to the guidelines of
the Declaration of Helsinki was approved by the Siriraj
Institutional Review Board with a certificate of approval
(COA) no. Si821/2021. After informed consent participants
were randomly assigned to an intervention group or a
control group. Randomization was conducted by an
independent researcher using a computer-generated
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randomization list to ensure allocation concealment.
Participants were assigned to their respective groups
based on the sequential order of the randomization list.

Participants

Patients with T2DM were recruited from the diabetic
foot clinic at SSPO and the Siriraj Diabetes Center of
Excellence, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok by clinical staff. Included were
people, 1) diagnosed with T2DM and DPN at moderate
or high risk of developing diabetic foot ulcers (DFU) as
diagnosed by physicians®’; 2) 60 years or older; 3) capable
of walking and exercising independently without the need
for assistive devices; 4) having a caregiver or someone
present while exercising at home; 5) capable of using a
smartphone or laptop for the TR program. Excluded
were people with 1) an active foot ulcer; 2) baseline
Berg Balance Scale (BBS) score below 45; 3) history of
amputations; 4) orthopedic or surgical issues in the lower
extremities such as fractures, malformations, or severe
osteoarthritis; 5) presence of other neurological impairments,
central nervous system problems, or vestibular system
disorders; 6) severe retinopathy and/or nephropathy;
7) severe cardiopulmonary conditions or abnormal
electrocardiogram results; 8) postural hypotension or
uncontrolled hypertension; 9) poor vision; 10) intellectual
disabilities or psychiatric disorders.

Intervention

All exercises included in the training program
are described in Supplementary Material (https://doi.
org/10.6084/m9.figshare.27991079.v3). The training
program, partly based on previous studies'*'*, was developed
by our team to enhance balance and gait training in
a TR setting. Two PTs participated in this study. An
observer, blinded to group allocation assessed pre- and
post-intervention outcomes. A PT administered the
exercises through TR. Participants in the intervention
group received logbook that included the home-based
exercise program as well as educational materials for
self-care. Individuals accessed TR services through an
online platform (LINE application) with the PT. Training
time was 60 minutes, twice a week for 8 weeks on non-
consecutive days. During training, the participants wore
sport shoes or therapeutic shoes, which are custom-made
to protect sensitive feet, reduce pressure, and provide
support for patients’ conditions, prescribed by a physician
and worn with socks. The standardized training equipment
consisted of 1) a training mat, 2) a sensory massage ball,
diameter of 7.5 cm, 3) a lightweight elastic band, and 4)
a step board size 28x78x20 cm. The training program

...................................... Original Article SM]

was structured into three components: warming-up,
balance and gait training, and cooling-down (Table 1).

Participants in the control group did not receive an
exercise program, but received usual hospital medical
care. In addition, both groups received pamphlets written
by interdisciplinary teams at Siriraj Diabetes Center of
Excellence covering topics such as diabetic foot care,
diabetic diet, and diabetes complications.

Outcome measures

All participants were assessed using the Berg Balance
Scale (BBS) and the 10 Meter Walk Test (10MWT) by
the observer at baseline (T0) and after an 8-week follow-
up (T1). Furthermore, during the final evaluation, the
intervention group filled in a satisfaction questionnaire.

The BBS assesses static and dynamic balance
capabilities and it consists of 14 items, each item is graded
on a five-point scale (0 to 4) based on the quality of the
performance of the item. The maximum score is 56. A
score below 45 indicates a higher risk of falling.*** The
tool demonstrates responsiveness to changes in balance.

The 10MWT measures the time needed to walk
a distance of 10 meters on a 14-meter walkway. The
participants walked at a comfortable speed. The mean
time (in seconds) of three trials was analyzed, with a
2-minute rest between each trial.”’

Assessment of satisfaction concerning the exercise
program, included six items (1) How would you rate the
appropriateness of the duration of each training session,
around 1 hour?, (2) How would you rate the quality
of the training and equipment?, (3) Did the physical
therapist explain the exercises in a way that was easy to
understand?, (4) Do you feel that the physical therapist
treated you with respect and dignity?, (5) Would you
recommend this exercise program to a friend or family
member?, (6) How would you rate the overall quality
of the program delivered via an online platform? These
items could be rated as; 1 = unsatisfied, 2 = poor, 3 =
fair, 4 = good, or 5 = excellent.

Sample size calculation

The sample size calculation for this study was calculated
using G*Power software, based on a randomized controlled
trial with a 1:1 ratio of intervention group and control
group.
the intervention group and 0.1 for the control group
in BBS outcomes, with standard deviations (SD) of 2.3
for both groups Assuming a power of 80% and an alpha

16

That study reported a mean change of 2.1 for

of 0.05, the resulting effect size was 0.87. The required
sample size was 44 participants, with 22 participants per

group.
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TABLE 1. Outline of the Siriraj Exercise Protocol.

Exercise Composition

Warming-up (10 minutes)

Stretching: Neck muscles, posterior shoulder, triceps brachii stretch with side bend,

hamstrings, gluteus and lower back, quadriceps, calf (10 seconds/3reps/side)

Balance and gait training
(40 minutes)

Part 1: Balance training on a training mat
- Bipedal heel and toe raise (10 reps/3 sets)

- One-leg stance (10 seconds/3 reps/side)

Rest: Sitting on a chair with a resistance band exercise (10 reps/3 sets)

- Chest press

- Middle back band pull-apart

Part 2: Progressive balance and gait training on a training mat

- Tandem stance (10 seconds/10 reps/side)

- Backward walking (10 reps)

- Sideways walking (10 reps/side)

Part 3: Exercises on a step board (10 reps/direction/side)

- Step-ups: front step-ups and side step-ups

- Weight shifting: forward and side-to-side

Cooling-down
(10 minutes)

- Towel curl (10 reps/3 sets)

- Deep breathing (5 reps)

Abbreviation: Reps = repetitions

Statistical analysis

Statistical analyzes were performed using IBM SPSS
Statistics, Version 29.0.2.0. The Shapiro-Wilk test was
employed to assess the normality of the distribution for
all parameters. Baseline differences between groups were
evaluated using Student’s ¢ test or the Mann-Whitney
U test for continuous variables and the Chi-square test
for categorical variables. Differences in changes between
groups were analyzed using an independent samples t-test
or Mann-Whitney U test depending on data distribution.
A significance level of P < 0.05 was considered statistically
significant for all tests.

RESULTS

Forty-eight individuals were assessed for eligibility,
and a total of forty-four participants were randomized
into either the intervention group (n=22) or the control
group (n=22). Finally, 18 participants in the intervention
group and 21 participants in the control group were
analyzed (Fig 1). There were no significant differences

- Sensory ball massaging (10 reps/side)
- Foot writing the number 1 to 10 in the air (10 reps/side)

in the baseline characteristics between the two groups
(P>0.05) (Table 2). No serious adverse events of the
programs were reported.

Berg balance scale

The improvement in the BBS were significantly
larger in the intervention group, (median change [IQR]:
6.5 [4.8, 5.2] than the control group (median change
[IQR]: -1 [-1, -2]), P<0.001, MWU test (Table 3).

10 Meter walk test

The improvements in 1I0MWT were significantly
larger in the intervention group (mean change -1.9
seconds [95% CI: -2.5, -1.3]) than the control group
(mean change -0.1 seconds [95% CI: -0.5, 0.4]), P<0.001,
independent t-test) (Table 3).

The satisfaction with the exercise program
Among the 18 participants who completed the
survey, 17 rated the duration of each training session as
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Enrollment

Assessed for eligibility (n=48)

> L]

Excluded (n=4)
Not meeting inclusion criteria (n=1)

e Declined to participate (n=3)

’ Randomized (n—44) ‘

|

! Allocation

Allocated to intervention group:
Siriraj Exercise Protocol using
telerehabilitation supervised by a
physical therapist (n=22)

Allocated to control group:
received no exercise program
(0=22)

Follow-Up

A 4

e Lost to follow-up: Participant
could not be contacted (n=1)
e Discontinued intervention:

time constraints (n=3)

e Transferred-out: Participant
found an active foot ulcer at

the 8-week follow-up (n=1)

X Analysis v

Analyzed (n=18)
e Excluded from analysis (n=0)

Analyzed (n=21)

e Excluded from analysis (n=0)

Fig 1. Flow diagram of the study.

excellent. 16 rated the quality of training and equipment
as excellent, and 17 reported that the PT explained the
exercises in a way that was easy to understand with
excellent. All participants felt they were treated with respect
and dignity by the PT. Additionally, 16 of participants
would recommend this exercise program to a friend or
family member, and 17 rated the overall quality of the
program through the online platform as excellent.

DISCUSSION

This exercise program delivered by a PT via TR
resulted in significant improvements in balance and
walking speed in older adults with DPN. In the control
group BBS score deteriorated highlighting the negative
impact of physical inactivity or insufficient exercise.
This result is consistent with previous findings that older
adults with T2DM rapidly decline in leg muscle strength
and muscle quality.”

Throughout the 8-week of training, no serious
adverse events or diabetic foot ulcers were observed
among participants in the intervention group. This
finding challenges the historical advice for people with
DPN to reduce weight-bearing activity.”” However,
lack of physical activity can result in deterioration of

skin health and decrease in total body tolerance.”**” A
previous study confirmed that weight-bearing exercises
significantly improved daily step count and 6-minute
walk test compared to non-weight-bearing exercises.”
Moreover, increased weight-bearing activity did not lead
to an increased risk of re-ulceration in diabetic foot.”

In this study, we selected an 8-week, twice-weekly
training program based on the findings of a previous
study, which reported significant improvements in balance
and trunk proprioception were found following an on-
site training.'® We delivered our program through TR,
highlighting the potential of remote training to achieve
similar benefits.

To improve balance performance, balance exercises
should be performed 2-3 days a week to enhance postural
ability and gait, thereby reducing the risk of falling.
Stretching exercises should be performed to the point
of tightness for 10-30 seconds with 2-4 repetitions to
improve joint range of motion.” The American Diabetes
Association’ guidelines emphasize the importance of
regular exercise for older adults managing T2DM to
promote overall physical function and prevent mobility-
related complications.

16
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TABLE 2. Baseline characteristics of both groups.

Characteristic Intervention Group (n=18) Control Group (n=21) P
Age (y), median [IQR] 69.5[63, 72.8] 67 [65, 74] 0.944t
Sex 1.000
Men, n (%) 6 (33%) 7 (33%)
Women, n (%) 12 (67%) 14 (67%)
Height (cm), mean + SD 160.5+8.4 157.9+6.7 0.282*
Weight (kg), median [IQR] 64.9 [60, 81.5] 62 [57, 68] 0.1187
Body mass index (kg/m?), mean + SD 27.3+5.2 25+4.0 0.132*
Fasting blood glucose (mg/dL), median [IQR] 134.5[122.5, 153] 129 [115, 150] 0.278t
Diabetes duration (y), median [IQR] 15[10, 26.5] 23 [14, 30] 0.525t
Number of falls (n), median [IQR] 2[1,3.8] 11, 3] 0.201°F
The risk of foot ulceration 0.173
Moderate risk, n (%) 8 (44%) 5 (24%)
High risk, n (%) 10 (56%) 16 (76%)
Medication 0.233
Oral hypoglycemic agent, n (%) 13 (72%) 12 (57%)
Insulin injection, n (%) 0 3 (14%)
Both, n (%) 5 (28%) 6 (29%)
Smoking 1.000
Yes, n (%) 1(6%) 1(5%)
No, n (%) 17 (94%) 20 (95%)

* Result of Student ¢ test.

T Result of Mann-Whitney U test; otherwise by Chi-square test.

TABLE 3. Results of the Berg Balance Scale (BBS) and the 10 Meter Walk Test (10MWT) evaluated baseline and
8-week follow-up within the group.

Outcomes Intervention group Control group Intervention Control P Value of
group group difference in
change between
groups
TO T1 TO T1 Change Change

BBS (score)
(median [IQRY])

48.5[47,50.8]" 55[51.8,56] 47 [46,50]NS 46 [45,48] 6.5[4.8,52] -1[-1,-2]  <0.001t

10MWT 11.8+3.6MN 9.9+33 128+3.4N  128+35 -1.9[95%Cl: -0.1[95%Cl: <0.001*
(second) -2.5,-1.3] -0.5,0.4)
(mean £ SD)

TO = at baseline, T1 = at 8 weeks of follow-up, BBS = Berg Balance Scale, I0OMWT = 10 Meter Walk Test.
NS = Not significant difference at baseline between groups (P > 0.05).

" Result of the Mann-Whitney U test.

* Result of Student's paired f test.
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Improved walking speed is critical to maintaining
functional mobility and independence in older adults. Brisk
walking (4-8 km/hour) significantly increases the chance
of maintaining in functional mobility and independence
in T2DM compared to slower paces.”” In this study, the
intervention group showed an improvement in walking
speed (10MWT) from 3.1 km/hour to 3.6 km/hour but
that is still speed that is less than the desirable speed of
4 km/hour.

Our study utilized TR intervention delivered through
real-time video conferencing, allowing participants to
receive direct supervision and feedback from the PT. This
approach enabled participants to maintain social distancing
during the pandemic while continuing supervised exercise
at home. The program is simple and uses affordable
equipment, easy to implement, and suitable for home-
based settings. Furthermore, the high satisfaction reported
in the survey supports the feasibility and acceptability
of this exercise program among participants. Similarly,
a recent study reported that a 6-week (3 times/week)
supervised home-based TR program combining aerobic
and resistance exercises significantly improved glycemic
control, six-minute walk test performance, muscle strength,
and quality of life in patients with T2DM. TR addresses
barriers to exercise participation by being accessible,
making it a viable alternative to traditional in-person
programs.”

This study has several limitations. First, the sample
size was below the estimated target. The inclusion criteria
required older adults to be able to use a smartphone for
TR, which posed challenges for some participants due to
technological difficulties and the COVID-19 situation,
caused temporary research pauses. Second, the study
duration was limited to 8 weeks, which may not capture
the long-term effects of the intervention. Future studies
should include larger sample sizes and longer follow-
up periods to assess the sustainability of the observed
improvements. Third, the control group received only
standard hospital care. Future studies should consider
another intervention such as those participating in alternative
home-based exercise programs (e.g., cycling on a home
trainer), to assess whether similar improvements could
be achieved with other intervention designs.

CONCLUSION

This exercise program through TR increases balance
and walking speed in older adults with DPN. The high levels
of participant satisfaction further support its feasibility
and acceptability. These findings suggest that TR could
be a valuable tool in the management of DPN, offering
a flexible and accessible approach to rehabilitation.
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ABSTRACT

Objective: This study compares the effectiveness of transpore tape and transparent film dressing on the incidence
of early-stage phlebitis among patients with peripheral venous catheters.

Materials and Methods: We conducted a randomized controlled prospective study on 308 inpatients in the internal
medicine wards of a community hospital in Thailand, from November 2020 to March 2021. The visual infusion
phlebitis scale was employed for assessments by registered nurses at least every eight hours.

Results: Demographic and health factors were similar in both transpore tape and transparent film dressing groups.
Notably, early-stage phlebitis was detected in 77.92% of patients in the transpore tape group, significantly higher than
the 66.88% in the transparent film group (p=0.030). The group using transpore tape had a 1.16 times higher risk of
early-stage phlebitis than the group using transparent film dressing (RR = 1.16, 95% CI = 0.116-0.452). Statistical
analysis showed a significant difference in catheter removal time between the two groups.

Conclusion: Transparent film dressings demonstrated greater efficacy in reducing early-stage phlebitis incidences
in patients with peripheral venous catheters, suggesting their preferable use in clinical settings.

Keywords: Peripheral venous catheter; transparent film dressing; transpore tape; phlebitis (Siriraj Med ] 2025; 77:

411-418)

INTRODUCTION

Peripheral intravenous catheters (PIVCs) are a
standard invasive nursing procedure used for administering
fluids, medications, and blood components.' In the United
States alone, annual usage ranges between 200 to 300
million,” and global estimates indicate approximately
2 billion catheters are utilized annually.” A substantial
proportion, between 50% to 90%, of hospitalized patients
undergo catheter implantation. Despite its necessity, this
procedure can lead to complications such as phlebitis.

Phlebitis, the inflammation of veins, can result from
the chemical properties of administered substances or
bacterial infection.”” The reported incidences of phlebitis
range between 0.1% and 63.3%, with symptoms including
fever, redness, swelling, pain, localized warmth or coldness,
pus formation, and more severe complications like
reduced fluid flow, visible vein tracks, tissue damage,
organ dysfunction, and blood clots.”* The choice of
cannula insertion practices, including the selection of
appropriate devices and dressings, is critical in preventing
phlebitis.” Previous studies have shown divergent outcomes
regarding the effectiveness of different dressing types,
with some suggesting that transparent film dressings
could reduce complications,'” while others indicate no
significant difference or even superiority of gauze and
tape dressings.'"'” To the best of our knowledge, there is
no evidence indicating a direct association between the
use of transpore tape or transparent film dressing and
the incidence of phlebitis. However, further investigation
is necessary to confirm this finding.

Given the conflicting evidence and the absence of
specific data comparing transpore tape and transparent

film dressing in early phlebitis, this study aims to bridge
this gap. Additionally, considering the varied costs of
these dressings, a comprehensive cost-effectiveness
analysis is essential."” This study seeks to evaluate the
efficacy of transpore tape and transparent film dressing
on the incidence of early-stage phlebitis in patients with
peripheral venous catheters, potentially offering new
insights and strategies for early management of the
phlebitis.

MATERIALS AND METHODS
Study design

This study was a randomized controlled trial with
a parallel-group design, conducted on inpatients in the
internal medicine wards of a community hospital in
Thailand. The trial spanned from November 2020 to
March 2021.

Ethical considerations

All participants provided written informed consent.
The study received ethical approval from the Institutional
Review Board of the Faculty of Medicine, Chulalongkorn
University (COA No.1037/2020, IRB No0.332/63) on
August 27, 2020. The trial was officially registered in
the Thai Clinical Trial Registry (TCTR20210801004).

Participants

The study included adult patients over the age of
18 years who underwent IV therapy with osmolality
less than 820 mOsm/L via a PIVC during their hospital
stay. Participants were required to have a body mass
index (BMI) ranging from 18.50 to 22.90 kg/m* and be
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communicative, cooperative, and willing to engage in the
study. The study excluded patients on immunosuppressive
therapy, those with hypercoagulability disorders, patients
experiencing diaphoresis, those with peripheral nervous
system disorders, or a known allergy to transparent
dressings.

Randomization

Participants were divided into two groups through
block randomization, utilizing blocks of two based on a
table of random numbers. The groups were 1) the transpore
tape dressing group, and 2) the transparent film dressing
group. Enrollment and assignment of participants to
each group were conducted by a registered nurse (RN).
Participants could not be blinded to the intervention due
to the nature of the dressing types, as they were able to
visibly identify the type of dressing applied.

Interventions

The PIVCs were administered by an RN to patients
meeting the inclusion criteria. To minimize the risk of
phlebitis, the smallest gauge and shortest length PIVC
compatible with the prescribed therapy were selected."
Preferred sites for catheter insertion included the basilic,
cephalic, dorsal metacarpal, and dorsal venous arch veins
on the dorsal forearm."*"

The PIVC insertion followed a strict aseptic protocol.
This process began with routine hand hygiene, a practice
repeated as necessary, especially after handling any invasive
medical devices.'* Skin preparation for catheter insertion
involved using a 70% alcohol solution for antiseptic
purposes.'® After PIVC insertion, a separate RN, who
was not involved in the initial procedure, applied the
dressing. In the transpore tape group, a transpore tape
was used to secure the catheter.

Outcome measures

The primary outcome of this study was the incidence
of early-stage phlebitis, assessed using the Visual Infusion
Phlebitis Scale. Post-insertion of the catheter, an RN
conducted evaluations at least every eight hours. The
outcome assessment was performed by an independent
registered nurse (RN). The RN was not involved in the
clinical trial procedures or group allocation, ensuring that
the assessment of phlebitis outcomes was unbiased. The
phlebitis grading at the insertion site was independently
reviewed by two researchers, who then collaborated to
reach a consensus on the visual infusion phlebitis score.
Early-stage phlebitis was defined as a level 2 on a scale
ranging from 0 to 5, where 0 represents no signs of
phlebitis and 5 indicates an advanced stage, characterized

...................................... Original Article SM]

by the presence of two or more symptoms such as pain,
erythema, or swelling."”

Sample size calculation

The sample size for this non-inferiority or superiority
trial was calculated using a specific statistical formula. This
calculation resulted in a requirement of 138 participants
per group. To accommodate potential dropouts and other
unforeseen contingencies, an additional 10% was factored
in, bringing the total to 308 patients. Consequently, the
study included 154 patients in the transpore tape dressing
group and 154 in the transparent film dressing group,
each with attached peripheral venous catheters.

Statistical analysis

The data were analyzed using the Statistical Package
for Social Sciences (SPSS) version 23.0 for Windows.
This included descriptive statistics, chi-square tests, and
Fisher’s exact test. Fisher’s exact test was used to analyze
categorical data because it is particularly appropriate when
sample sizes are small or when the expected frequencies
in any of the cells of a contingency table are below 5.
In our study, certain subgroups had relatively small
frequencies, which could have violated the assumptions
of the Chi-square test (i.e., expected frequencies should
be at least 5 in each cell). As a result, Fisher’s exact test
was chosen because it is more reliable for determining
the significance of associations in these cases, without
the risk of invalid conclusions due to small sample sizes.
We performed a multivariable analysis to control for
potential confounding factors that could influence the
comparison of the two interventions. This analysis allowed
us to adjust for relevant determinants, such as patient
characteristics (e.g., age, gender, comorbidities) and
baseline conditions that could impact the outcomes
related to early state of phlebitis. Relative risk (RR) was
calculated using SPSS 23.0. The threshold for statistical
significance was set at a p-value of less than 0.05. The
relative risk (RR), or risk ratio, is the ratio of the risk of an
event in the transpore tape dressing group (e.g., exposed
group) versus the risk of the event in the transparent
film dressing group (e.g., nonexposed group) and the
confidence interval (CI). A p-value of less than 0.05 in
this analysis indicated a statistically significant association
between the groups. In addition to the intention-to-treat
(ITT) analysis, a per-protocol analysis was conducted
as a secondary approach. The per-protocol analysis
included only those participants who adhered strictly to
the assigned intervention protocol and completed the
study as per the predefined procedures. This analysis
was performed to assess the outcomes based on the
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participants who followed the treatment plan without
any deviations.

RESULTS
Participant characteristics

Between November 2020 and March 2021, 1,219
adult inpatients from the internal medicine wards of
a Community Hospital were evaluated for eligibility.
Of these, 403 were excluded due to IV therapy with
osmolality <820 mOsm/L via PIVC and having a BMI
below 18.5 or above 22.90 kg/m?*. Additionally, 508 chose
not to participate. Consequently, 308 adult patients were
recruited and evenly divided into two groups of 154 each
(Fig 1).

Table 1 reveals that both transpore tape dressing
group and the transparent film dressing group were
comparable in terms of gender, average age, highest level
of education, presence or absence of chronic diseases,
smoking habits, number of insertion attempts, PIVC
site, use of IV medication, and IV fluid utilization. No
significant differences were observed between the two
groups.

Table 2 presents the incidence of early-stage phlebitis
between the groups. The transpore tape dressing group
exhibited a 77.92% incidence, while the transparent
film dressing group showed a 66.88%. A statistically

significant difference in phlebitis incidence between the
groups was observed. The group using transpore tape
had a 1.16 times higher risk of early-stage phlebitis than
the group using transparent film dressing (RR = 1.16,
95% CI =0.116-0.452).

Table 3 shows the comparison of data for catheter
dwell time. In this table, 53.25% of catheters in the transpore
tape dressing group had a catheter dwell time of 49-72
h, whereas 61.69% of catheters in the transparent film
dressing group had a dwell time of 73-96 h. The analysis
showed that catheter dwell time 0of 49-72 h and 73-96 h
varied by the groups, which was statistically significant
(p < 0.001)

DISCUSSION

Peripheral Intravenous Catheter (PIVC) administration,
globally used to deliver fluids, medications, or blood
components, frequently results in phlebitis due to the
procedure’s invasive nature. Therefore, ensuring the
catheter’s stability is vital to reduce complications. This
research compared the effectiveness of transpore tape
and transparent film dressing on the incidence of early-
stage phlebitis in patients with a PIVC. We found that
early-stage phlebitis developed in 77.92% of the transpore
tape group, in contrast to 66.88% in the transparent film
dressing group. A statistically significant difference in the

[ Enrollment J

Assessed for eligibility m=1,219)

Excluded m-911)
-Not meeting inclusion criteria (n-403)
-Declined to participate -508)

Randomized m=308)

v |
L
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group (m=154)
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Follow-Up ] l
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Fig 1. CONSORT 2010 flow diagram of the clinical trial.
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TABLE 1. Participants characteristics.

The transpore tape The transparent film
Individuals’ characteristics dressing group (n=154) dressing group (n=154) Statistical significance
N % N %
Gender Xx>=0.468, p = 0.494
Female 82 53.25 76 49.35
Male 72 46.75 78 50.65
Age Mean £ SD Mean £ SD t=-0.123, p = 0.902
57.57 + 18.34 57.84 £19.53
Highest educational x?=2.399, p=0.310
Primary School 5 3.25 8 5.19
Secondary School 133 86.36 123 79.87
Bachelor Degrees 16 10.39 23 14.94
Having a chronic disease x?=2.561,p=0.110
Yes 111 72.08 123 79.87
No 43 27.92 31 20.13
Use of Smoking x2=0.120, p = 0.729
Using 20 12.99 18 11.69
Not in use 134 87.01 136 88.31
Number of attempt x>=0.151, p = 0.698
1 time 42 27.27 39 25.32
> 1 time 112 72.73 115 74.68
The site of PIVC x?=5.956,p=0.114
Basilic vein 15 9.74 29 18.83
Cephalic vein 101 65.58 91 59.09
Dorsal metacarpal veins 34 22.08 28 18.18
Dorsal venous arch 4 2.60 6 3.90
Use of IV medication x> =0.024, p = 0.876
Using 130 84.42 129 83.77
Not in use 24 15.58 25 16.23
Use of IV fluid x2=1.903, p =0.168
Using 124 80.52 133 86.36
Not in use 30 19.48 21 13.64
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TABLE 2. Comparison of data for early state of phlebitis.

The transpore tape

The early state of phlebitis dressing group (n=154)

N %
Yes 120 77.92
No 34 22.08
Total 154 100.00

The transparent film

dressing group (n=154) Statistical significance

N %

103 66.88 x?=4.696, p=0.030
51 33.12

154 100.00

TABLE 3. Comparison of data for catheter dwell time.

The transpore tape

Catheter dwell time dressing group (n=154)

N %
24-48 h 1 0.65
49-72 h 82 53.25
73-96 h 37 24.03

incidence of phlebitis was observed between the groups.'*
Despite these variations, both investigations underscore
a significant difference in complication rates between the
groups. Transparent film dressing is an adhesive dressing
made of thin, transparent film placed over the PIVC. Itis
designed to be breathable and waterproof, allowing for
easy wound monitoring without needing to remove the
dressing. Transpore tape, on the other hand, is a perforated
medical tape with strong adhesive properties, making
it ideal for securing thicker dressings and tubing. It is
hypoallergenic, latex-free, and customizable in width,
often used for covering PIVC.'*"”

Our results align with previous studies,'”'"” which
advocate for the use of transparent film dressings in
PIVC applications due to fewer complications. The
consistency across these studies suggests that the enhanced
catheter stabilization capabilities of transparent film
dressings play a pivotal role in reducing the incidence of
phlebitis. Transparent film dressings act as a protective
barrier against external contaminants and pathogens,
reducing the need for frequent dressing changes, thereby
preserving skin integrity and minimizing the risk of

12,20-2

infection. * The ease of use associated with these

The transparent film

dressing group (n=154) Statistical significance

N %
3 1.95 p =<0.001
Fisher's Exact
© 3.25
Test
95 61.69

dressings reduces complications such as skin damage
from repeated changes, leading to reduced pain and
lower infection probabilities.”'*** The study results
revealed a statistically significant difference between the
group that received the transparent film dressing and
the group that received the transpore tape. This suggests
that the transparent film dressing was more effective in
securing PIVC than the transpore tape. It is important
to note that the study was conducted under controlled
conditions and may not necessarily reflect real-world
scenarios.

In the study comparing catheter dwell times between
the transpore tape dressing group and the transparent
film dressing group, it was found that 53.25% of catheters
in the transpore tape dressing group had a dwell time of
49-72 hours, while 61.69% of catheters in the transparent
film dressing group had a dwell time of 73-96 hours.
The analysis revealed a statistically significant variation
in catheter dwell times between the two groups. This
discrepancy in dwell times suggests that the type of
dressing used has an impact on how long catheters remain
in place. Specifically, a higher percentage of catheters
in the transparent film dressing group had a longer
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dwell time of 73-96 hours compared to the transpore
tape dressing group, where more catheters had a dwell
time of 49-72 hours. The statistical significance of this
difference indicates that it is unlikely to have occurred
by chance alone. It may be attributed to the properties
of the dressings and their influence on catheter stability
and adhesion.”*”

These findings have implications for clinical practice
and may inform decisions regarding the selection of
dressing types for catheter securement. Healthcare
providers should consider the potential impact of dressings
on catheter dwell times when making choices about
patient care. Additionally, these results contribute to
the body of knowledge in catheter-related research and
may guide future studies investigating optimal catheter
management strategies. One limitation of our research
was its limited scope, involving a small participant pool
from a single hospital clinic. Future studies should expand
the sample size and encompass multiple settings for a
more comprehensive analysis.

CONCLUSION

The early-stage phlebitis incidence was 77.92% in
the transpore tape dressing group and 66.88% in the
transparent film dressing group. This difference was
statistically significant, suggesting transparent film dressing
may reduce phlebitis occurrence when attaching peripheral
venous catheters. The study compared catheter dwell times
between two groups, one using transpore tape dressing
and the other using transparent film dressing. Statistical
analysis demonstrated a significant difference in catheter
dwell times between the two groups, suggesting that the
type of dressing used influences how long catheters stay
in place.
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Postoperative Pain and Blood Loss of Non-use Compared to Partial-use of

a Tourniquet in Bilateral Total Knee Replacement:{A Randomized-Control Trial

Performing total knee arthroplasty (TKA) without using a tourniquet, can reduce particularly the magnitude
difference in pain and postoperative wound complications better than using the tourniquet as well as lack of
significant differences in blood loss.

“Cross over RCT Design”
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We aim to compare 2 techniques.
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ABSTRACT

Objective: This study aimed to compare the effects of non-tourniquet usage (NTU) and partial-tourniquet usage
(before osteotomy in operation; BOO) of a tourniquet in bilateral total knee arthroplasty (TKA) on postoperative
pain and complications.

Materials and Methods: A prospective randomized controlled trial with cross-over design was designed to compare
the effect of NTU vs BOO in the patients underwent bilateral TKA. The opioid consumption and pain score were
primary outcomes. Blood loss, the number of wound complications, the postoperative complications and time to
ambulation were secondary outcomes.

Results: NTU group showed a significantly reduction in opioid consumption (14.8 + 8.3 mg) as compared to that of
BOO group (24.6 £ 10.8 mg) in the postoperative 24 hours. The postoperative pain score was significantly lower by
the first, second, third and fourth day postoperative in NTU group (3.2, 3.9, 3.5, 2.3) compared to BOO group (4.3,
5.6, 4.8, and 4.1). There was no significant difference in blood loss between the groups. Early postoperative wound
ecchymosis was found in BOO group (5 knees), more than in the NTU group (1 knee) with statistical significance.
Conclusion: Performing total knee arthroplasty (TKA) without using a tourniquet, can reduce particularly the
magnitude difference in pain and opioid consumption better than using the tourniquet as well as lack of significant
difference in blood loss. This will allow for future clinical implications to determine that NTU may be preferable

due to reduced postoperative pain and fewer postoperative wound complications.

Keywords: Total knee arthroplasty; bilateral; tourniquet; pain (Siriraj Med J 2025; 77: 419-426)

INTRODUCTION

Currently, total knee arthroplasty (TKA) has become
increasingly common, due to its efficacy to improve patients’
quality of life and reduce pain' allowing those patients
with knee osteoarthritis who failed conservative treatment,
to regain their ability to walk normally again. In TKA
surgeries, the use of a tourniquet has been employed to aid
in the reduction of blood loss during the procedure, and
improving intraoperative visualization for the operating
surgeon.””

However, the use of a tourniquet in TKA surgeries
remains a topic of debate. There are research studies
supporting its use, and some supporting operations without
using a tourniquet.”® While TKA with a tourniquet may
reduce the operating time, it has been found to be associated
with more complications. These complications include
deep vein thrombosis, and an increase in occurrences of
surgical-site infection, or bruising with signs of bleeding.”
Moreover, several research studies have also found that
patients - in the group using a tourniquet - experience
more postoperative pain.” This is believed to be due to
the tourniquet causing metabolic waste to accumulate
in the thigh muscles, and in blood vessels around the
area where it is applied.”

Latest evidence suggests that the most debating
tourniquet-use technique is between NTU (Non-tourniquet
usage) and BOO (Before Osteotomy in Operation),
which involves using a tourniquet before starting the
bone cutting, until wound closure. Despite numerous

meta-analyses, and randomized-control trials (RCTs),
there is still no conclusive evidence on the most effective,
and efficient method of using a tourniquet especially
between these two techniques.’ This is because the data
come from various experimental designs, with most
of previous research data, being captured from studies
of the outcomes of tourniquet usage in unilateral total
knee arthroplasty. Hence, these studies often lack a
crossover design, which could introduce confounding
variables. Therefore, we designed a protocol which was
a randomized-control trial with a crossover design,
specifically studying the outcomes of tourniquet use in
the bilateral total-knee arthroplasty of each limb in the
same patient, aiming to provide clearer insights into the
benefits of different tourniquet techniques.

MATERIALS AND METHODS
Inclusion and exclusion criteria

Patients diagnosed with bilateral severe knee
osteoarthritis, meeting the inclusion criteria, were recruited
at our institution from November 2022 to August 2024.
We obtained an approval from the Institutional Review
Board (IRB) of the Queen Savang Vadhana Memorial
Hospital. This trial had been registered in clinical trial
registry before participant enrollment (NCT06815445).
The inclusion criteria were patients diagnosed with
bilateral severe knee osteoarthritis, over 50 years of age.
The exclusion criteria were patients having undergone
previous knee surgery, being subject to uncontrolled
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hypertension, coagulopathy, or recent knee sepsis, with
an ASA physical status grade > 2, inability to use patient-
controlled analgesia (PCA), such as communication, or
cognitive issues, or those patients who were allergic to
medications used in the treatment process.

Patients

20 patients (40 knees) were randomized into two
groups with an allocation ratio of 1:1, determined by
the various block randomization method employing a
computer-generated program. Ten patients underwent
NTU in the first operation and BOO in 3 months later.
On the other hand, ten patients underwent BOO in the
first operation and NTU in 3 months later. The two
operations were spaced more than 3 months apart, as
previous research indicates that this can significantly
reduce morbidity and mortality, particularly concerning
cardiovascular risk."

On the day of the surgery, the orthopedic resident
conducted the sampling method by opening a sealed
envelope before the operation to determine which patients
would undergo surgery without the use of a tourniquet
(NTU) and which patients would have partial use of a
tourniquet (BOO). Communication in the operating
room would be taken place in the patient waiting area
to prevent patients hearing the method of tourniquet
use during that time.

Surgical technique and postoperative evaluation

The operations were performed by a single surgeon,
an experienced orthopedic surgeon sub-specializing in
knee arthroplasty. The surgeries involved several steps.
Firstly, performance of spinal anesthesia, was carried
out by an anesthesiologist. Next, was the application of
an appropriately-sized, and positioned tourniquet to
the patient’s thigh. Then, prophylactic antibiotics were
administered intravenously, being given 30 minutes
prior to surgery. This was followed by the intravenous
administration of ketorolac, 30 mg and Tranexamic acid
1 g, being given 30 minutes before the skin incision was
made. The surgeon made a midline incision on the skin,
adopting a sub-vastus approach, using an intramedullary
guide wire for femur, and extramedullary guide wire for
the tibia cuts. A cemented prosthesis of Zimmer Nextgen
was used — as it was in every operation. A tourniquet was
inflated to the systolic blood pressure (SBP), plus 100
mmHg in the leg of patients undergoing partial-use of
a tourniquet (BOO), at the time of the start of the bone
osteotomy until skin closure. Finally, a compressive
dressing was applied, and covered with a Robert Jones
bandage.

...................................... Original Article SM]

The postoperative care included an adductor
canal block, with 0.25% Marcaine 20 ml, applied by
an anesthesiologist in the patient recovery room to
alleviate knee pain on the side operated on. Prophylactic
antibiotics were administered for 48 hours post-surgery.
The intravenous pain medication was given through
patient-controlled analgesia (PCA), along with opioid
drugs as pain relief, for the first 3 days post-surgery. The
same oral pain control medications were administered
for all patients. A redivac drain was removed on first
postoperative day. On the second, and third postoperative
days, an occlusive dressing was applied to the wound, and
the patient was encouraged to ambulate with a walker.

All postoperative outcomes were performed by a
single orthopedic resident. The primary outcome was
the presence of postoperative pain, assessed in terms
of the amount (mg) of opioid consumption, using the
patient-controlled analgesia (PCA) machine at 24, 48,
and 72 hours postoperative. The visual analog scale (VAS)
score - ranging from 0-10 (0-2 was minimal pain, 2-4
was mild pain, 4-7 was moderate and 7-10 was severe
pain) was also obtained at postoperative day 1 to day 3.
3. For the secondary outcomes, blood loss was calculated
by comparing the maximal hematocrit drop between
preoperative hematocrit levels and the postoperative
levels on either the first or the fourth postoperative day.
The time to ambulation, complications, including deep
vein thrombosis (DVT), wound complications were
recorded.

Sample size calculation

Calculated using STATA Version 14.0 with a power
of 80% and an alpha of 0.05, the mean (SD) difterences
were referenced from the study by Kumar et al. (2015),
(11) which examined postoperative pain using VAS
for pain with different tourniquet methods in patients
undergoing knee replacement surgery. This resulted in
a total population of 36 knees, divided into 18 knees
per group. Factoring in a 10% dropout rate, the total
population needed is 40 knees, with 20 knees per group.

RESULTS

The study collected data from patients with bilateral
knee osteoarthritis who underwent staged bilateral total
knee arthroplasty, with at least a 3-month interval between
operations. In the first group of 20 patients, the initial
surgery was performed without a tourniquet (NTU),
and the second surgery used a partial tourniquet (BOO)
applied to the other knee. In the second group of 20
patients, the initial surgery used a partial tourniquet
(BOO), while the second surgery to the other knee was
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Patients with bilateral OA knee and
undergo staged bilateral total knee

arthroplasty Patients not randomized (22 patients;

n=44 knees)

¢ Coagulopathy (2 patients)
« Patient declined to
participate (n=0)

Randomized (20 patients; n=40 knees)

Non-tourniquet Partial-tourniquet
used group (NTU) used group (BOO)

n=20 knees

Loss to follow up (n=0) Loss to follow up (n=0)

Included in analysis (n=20 knees) Included in analysis (n=20 knees)

Fig 1. CONSORT Diagram

performed without tourniquet (NTU). Thus, the study 5 cases of wound complications in BOO group, and 1
analyzed a total of 20 patients (40 knees). (Table 1) case in NTU group with statistical significance.

There were no cases of loss to follow-up in the The primary outcome of interest in this study was
study. There was 1 case with a serious complication, the difference in pain levels during the early postoperative
being Deep Vein Thrombosis (DVT) in a knee operated ~ period, from day 1 to day 4 before the patients were
on with BOO with statistically significant difference,and  discharged, assessed in terms of the morphine consumption.

TABLE 1. Baseline characteristics.

Variable Non-tourniquet Partial-tourniquet P-value
used group first (NTU) used group (BOO)
(10 patients) (10 patients)

Age, yr 743+7A1 729+84 0.6711
Gender; male: female 2:8 1:9 0.6200
Body mass index 272+3.4 28.1+45 0.6200
Preoperative hematocrit (%) 37.3+3.4 38.9+45 0.3815
Tourniquet duration (min) 0 456+ 104 -
(for the first surgery)
Operating time 93.8+10.7 89.3+8.5 0.3115
(for the first surgery)
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It was hypothesized that less pain would result in faster
recovery, and earlier initiation of physical therapy, as
well as greater patient satisfaction.

Results showed that the NTU group had a morphine
consumption of 14.8 + 8.3 mg in the first 24 hours after
surgery, while the BOO group had a morphine consumption
of 24.6 £ 10.8 mg during the same period. (Fig 2) The
NTU group used significantly less morphine in the
first 24 hours post-surgery with statistical significance
(P value < 0.05). The following day, morphine consumption
in the NTU group remained lower as shown in Table 2,
but this difference was not statistical significance.

Consistent with these findings, the Visual Analog
Scale (VAS) scores showed that the mean VAS score in
the NTU group was 3.2, 3.9, 3.5, and 2.3 on postoperative
days 1, 2, 3, and 4 respectively. In the BOO group, the
mean VAS score was 4.3, 5.6, 4.8, and 4.1 on the same
days. (Table 3 and Fig 3) There was a significant difference

30

25 <% 24.6
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in pain scores between the NTU and BOO groups on
postoperative days 1-4 (P value < 0.05).

No significant differences were found in postoperative
blood loss, as assessed by decrease in the maximum
hematocrit, between the two groups. (Table 4)

No significant differences were found in time to
ambulation between two groups.

DISCUSSION

Until now, based on a recent systematic review, and
on a meta-analysis conducted by Cao et al. in 2021, there
are six techniques of using a tourniquet in total knee
arthroplasty surgery.” The objective was to determine
which tourniquet technique provides the best outcomes
for patients undergoing surgery, and results in reduced
postoperative complications, as well as facilitating early
postoperative ambulation without pain. These techniques
are:

. \ 205

15 < 14.8 :
) \ 101
5
0
24 hours 48 hours 72 hours
e NTU Group — es===BOO Group
Fig 2. Morphine consumption between groups during hospital stays.
TABLE 2. Comparison of morphine consumption between groups
Time Non-tourniquet Partial-tourniquet t P Effect size
used group (NTU) used group (BOO) (two-tailed) (Cohen's d)
(n=20) (n=20)
24 hours 14.8+8.3 246+10.8 3.2176 0.0026* 1.017
48 hours 15.9+10.8 20.5+9.6 1.4237 0.1627 0.450
72 hours 10.1+5.5 15.6 £ 10.9 2.0146 0.0511 0.637
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TABLE 3. Comparison of VAS for pain between groups.

Time Non-tourniquet Partial-tourniquet t P Effect size
used group (NTU) used group (BOO) (two-tailed) (Cohen's d)
(n=20) (n=20)
POD 1 32+1.8 43+1.6 2.0426 0.0481* 0.645
POD 2 39x15 56+1.1 4.0872 0.0002* 1.292
POD 3 35%+1.6 48+1.2 2.9069 0.0061* 0.919
POD 4 23+1.1 41+1.1 5.1746 0.0001* 1.636
6
5.6
5 / \
4.8
4 “4.3 — \ a1
/ \‘ 35
3 32 \
2.3
2
1
0

POD 1 POD 2 POD 3 POD 4

e N TU Group  s====BOO Group

Fig 3. VAS for pain between groups during hospital stays

TABLE 4. Comparison of blood loss between groups.

Time Non-tourniquet Partial-tourniquet t P Effect size
used group (NTU) used group (BOO) (two-tailed) (Cohen's d)
(n=20) (n=20)
Preop 37.3+34 389+45 1.4030 0.1687 0.401
POD 1 327+41 344 +33 1.6172 0.1141 0.456
POD 4 31.8+3.2 328+25 1.1013 0.2777 0.348
Maximum drop 72+23 6.9+3.3 0.3335 0.7406 0.105
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1) Non-tourniquet usage (NTU): No tourniquet is used
throughout the surgery.

2) Mid-way into the operation (MO): Tourniquet is used
only during the period of cement implantation.

3) During the first half of operation (FHO): Tourniquet is
used from skin incision until bone osteotomy is finished.
4) During the second half of operation (SHO): Tourniquet
is used from cement implantation until wound closure
is finished.

5) Before osteotomy in operation (BOO): Tourniquet is
used from bone osteotomy until wound closure is finished.
6) Throughout the operation (TTO): Tourniquet is used
from skin incision until wound closure is finished.

This recent systematic review and meta-analysis
suggests that the best recommended technique is BOO
(Before Osteotomy in Operation), which involves using a
tourniquet before starting the bone cutting, until wound
closure. This technique has been found to be the most
effective in reducing blood loss, shortening the duration
of surgery, and minimizing postoperative complications,
based on comparative analysis.’

Despite the numerous meta-analyses and randomized-
control trials (RCTs) conducted, a definitive conclusion on
the most beneficial and effective use of tourniquets remains
inconclusive.”'* ' This is because the available data comes
from studies with various methodologies, including many
that have focused on the effect of tourniquets in unilateral
total knee arthroplasty (TKA), rather than crossover
studies. Such studies may be prone to confounding factors.
Therefore, to better understand the benefits, research
needs to be conducted using randomized-control trials
with a crossover design, specifically examining the effect
of tourniquets in patients undergoing bilateral total knee
arthroplasty (TKA).

Currently, there are only three RCTs that have
studied the effect of tourniquets in bilateral TKA. In
2015, Kumar et al. compared NTU with TTO, and found
that patients in the NTU group experienced significantly
less postoperative pain compared to those in the TTO
group.'' Then, in 2016, Wang et al. compared FHO with
MO, and found that the MO group had significantly less
postoperative pain and blood loss compared to the FHO
group, leading to better recovery, and physical therapy
outcomes.” Most recently, in 2017, Liu et al. conducted
another study comparing NTU with TTO, and again
found that the NTU group had experienced significantly
less postoperative pain compared to the TTO group.”

However, none of these studies have compared
NTU with BOO to determine which method is more
effective, and has better outcomes. This is the rationale
for the current study, which aims to compare non-use of
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the tourniquet (NTU) with partial use of the tourniquet
(BOO) in the context of bilateral TKA performed on the
same patient with at least a 3-month interval between
surgeries.

Therefore, the conclusion from this crossover RCT
is that NTU provides better pain relief compared to BOO.
The NTU group did not experience more blood loss than
the BOO group, and the BOO group had one serious
complication (DVT), and four wound complications
(ecchymosis). Thus, this study supports that performing
total knee arthroplasty without a tourniquet is more
effective than other methods. The strength of this research
lies in its use of a crossover RCT design to minimize
confounding factors, and in its objective measurement
of pain through morphine consumption, in milligrams.

A limitation of this study is the sample size, which
could be increased. Future research could focus on
comparing the most effective tourniquet methods by
conducting crossover design studies in bilateral total
knee arthroplasty. Another limitation was the crossover
design itself, the study might have inherent risks of carry-
over effects, especially related to differences in recovery
post-first surgery that could influence the outcomes of
the second surgery.

CONCLUSION

Performing total knee arthroplasty (TKA) without
using a tourniquet, can reduce particularly the magnitude
of the difference in pain and opioid consumption better
than using the tourniquet as well as lack of significant
differences in blood loss. This will allow for future clinical
implications to determine that NTU may be preferable
due to reduced postoperative pain and fewer postoperative
wound complications.
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ABSTRACT

Objective: This study aimed to evaluate the postoperative outcomes of patients with lymphedema treated with
vascularized lymph node transfer (VLNT).

Materials and Methods: A retrospective chart review was conducted on 28 patients who underwent VLNT
procedures at Siriraj Hospital between 2010 and 2020. Data collected included patient demographics, underlying
diseases, previous cancer treatments, duration of lymphedema, etiology of lymphedema, donor and recipient sites,
operative time, and limb circumference measurements were taken pre-operatively and at 1, 3, 6, and 12 months
postoperatively. Additionally, postoperative complications were documented and analyzed.

Results: The review identified various underlying diseases associated with lymphedema, mostly linked to cancer.
Noteworthy cancer treatments included node dissection, radiotherapy, and chemotherapy. The etiology of lymphedema
varied, with multiple donor and recipient sites used for VLNT procedures. Postoperative limb circumference
measurements showed significant percentage reduction in limb circumference, particularly in patients with upper
limb lymphedema (p<0.05), while the lower limb showed no statistical significance. Postoperative complications
included flap necrosis, flap congestion, flap hematoma, and cellulitis.

Conclusion: Our retrospective analysis underscores the effectiveness of VLNT procedures in managing lymphedema
at Siriraj Hospital. Despite the diverse etiologies and prior treatments, VLNT demonstrated favorable outcomes in
terms of limb circumference reduction, particularly in upper extremities. Further prospective analytic studies are
warranted to validate these findings and optimize treatment protocols.

Keywords: Vascular lymph nodes transfer (VLNT); lymphedema; limb circumference; postoperative reduction;
postoperative complication (Siriraj Med ] 2025; 77: 427-435)

INTRODUCTION

Lymphedema is a chronic condition characterized by
impaired lymphatic drainage, leading to limb swelling and
tissue changes such as adipose tissue deposition and skin
thickening."” Lymphedema is classified into two etiological
groups: primary and secondary lymphedema. While
primary lymphedema is typically caused by congenital
abnormalities or developmental defects in the lymphatic
system, secondary lymphedema often results from surgical
interventions, trauma, or underlying medical conditions
that disrupt lymphatic flow, such as cancer.””

Common symptoms of lymphedema include pain,
heaviness, swelling, decreased limb function, decreased
quality of life, skin changes and recurrent infections.
Diagnosis is often based on limb circumference or volume
measurements, with differences of 2 cm or more in limb
circumference compared to the contralateral limb, or
volume differences of 200 mL or 10% from baseline,
considered diagnostic.®

Management of lymphedema consists of nonoperative
and surgical treatment. The nonoperative treatment
started with decongestive therapy (CDT), while surgical
treatment is mostly second-line therapy, offered after
unsuccessful CDT. The surgical treatment can be
classified into debulking procedures; direct excision
(Charles or Sistrunk procedure) and liposuction, and
physiologic procedures; lymphatic bypass and lymph node

transplants.” The emerging surgical procedure including
lymphaticovenous anastomosis (LVA), vascularized
lymph node transfer (VLNT), liposuction and Charles
procedure.” VLNT involves transferring lymphatic tissue
to an area of lymph obstruction to reconstruct the affected
part. Lymph nodes for VLNT can be harvested from
various donor sites, including the groin, submental
region, supraclavicular, area, thoracodorsal region, lateral
thoracic region, internal mammary region, deep inferior
epigastric, lateral intercostal artery region, gastroepiploic,
jejunal mesentery, mesoappendix and ileocecal area.”
The mechanism of VLNT consist of 2 main actions, of
which are lymphatic pump, which is an immediate action
and lymphangiogenesis which requires time. Therefore,
VLNT is indicated for patients whose lymphatic vessels
are impaired, higher stage of ISL, or failure of prior LVA.”

This study focuses on the surgical outcomes of
patients treated with VLNT at Siriraj Hospital between
2010 and 2020. The analysis includes postoperative limb
circumferences, complications, and percentage reduction
in limb circumference.

MATERIALS AND METHODS

A case series study was conducted with approval
from the Institutional Review Board (IRB) of the Faculty
of Medicine Siriraj Hospital No. 073/2566, COA No.
Si 187/2023. The study focused on patients diagnosed
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with lymphedema who underwent VLNT using lymph
nodes harvested from the supraclavicular, submental,
omentum, or other donor sites between 2010 and 2020.
Demographic data, including age, sex, weight, height,
and underlying disease(s) were collected. Patients were
graded according to ISL staging, primary or secondary
lymphedema, and the location of affected limb(s).
Operational data included the donor site location and
the duration of the operation were collected.

Limb circumferences were measured using a
standardized approach with five anatomical reference
points. For the upper extremities, measurements were
taken at 20 cm above the olecranon (Site 1), 10 cm above
the olecranon (Site 2), 10 cm below the olecranon (Site
3), 20 cm below the olecranon (Site 4), and mid palm
(Site 5). For the lower extremities, measurements were
taken at 20 cm above the patella (Site 1), 10 cm above
the patella (Site 2), 10 cm below the tibial tuberosity
(Site 3), 10 cm above the medial malleolus (Site 4), and
the mid-arch of the foot (Site 5).

The outcomes were evaluated by comparing pre-
operative and postoperative limb circumferences at
1, 3, 6, and 12 months. Results were calculated as the
percentage of limb circumference reduction. Additional
postoperative complications, including flap loss, flap
congestion, hematoma, lymphocele, and infection were
assessed and compared across donor site areas.

Baseline data were summarized using descriptive
statistics, presented as medians with percentile 25 and
percentile 75 (Q1, Q3), mean with standard deviations
(SD), or frequencies with percentages as appropriate.
Due to repeated measures of outcomes over time and
missing data, generalized estimating equations (GEE)
was employed. The dependent variable was percentage
reduction in limb circumference from baseline and
independent variable was time as a factor. To assess
change over time, only subjects with at least two values
of percentage reduction were included in GEE model.
The correlation among repeated outcomes was tested
using corrected quasi likelihood under the independent
model criterion (QICC) and resulted in exchangeable
correlation structure. Results from GEE were presented
as estimated mean, standard error (SE) and p-value. A
p-value of <0.05 was considered statistically significant.
All statistical analyses were performed using IBM SPSS
29.

Ethical considerations were upheld throughout the
study in accordance with the principles of the Declaration of
Helsinki. Patient confidentiality was rigorously maintained
by anonymizing patient data during both analysis and
reporting.

...................................... Original Article SM]

RESULTS
Demographic Data

A retrospective analysis was conducted on 43 patient
charts. Fifteen patients were excluded due to missing data
or insufficient data. Thus, the final analysis included 28
patients, consisting of 26 females (92.9%) and 2 males
(7.1%). This examination provided valuable insights into
the complex management of lymphedema. The mean
age of the patients was 61.1 + 12.9 years the mean BMI
was 27.4 £ 5.6 kg/m?. Gynecological cancer was the most
common underlying condition, affecting 13 patients
(46.4%), followed by breast cancer, which accounted for
8 cases (28.6%). Additionally, 6 patients (21.4%) were
diagnosed with primary lymphedema, and one patient
(3.6%) presented with lymphedema caused by other
factors, such as trauma (Table 1).

Among patients with cancer-related lymphedema,
prior treatments played a significant role in disease
progression and management. The analysis revealed that
14 patients had undergone radiotherapy, 12 had received
chemotherapy, and seven had undergone node dissection.
These findings highlight the prevalence of these treatments
and intricate relationship between cancer therapies and the
development of secondary lymphedema, emphasizing the
importance of comprehensive preoperative assessments
and tailored surgical interventions to optimize patient
outcomes.

The average duration of lymphedema before diagnosis
by a specialized professional was 3.5 years. Concurrently,
patients experienced an average of 1 episodes of infection.
Among the 28 patients, 11 had undergone LVA prior
to VLNT, one had a failed outcome from a prior VLNT
procedure, and another had undergone liposuction
before VLNT. Patients were also categorized based on
their ISL staging. Seven patients (25.0%) were classified
as ISL stage 1, 18 patients (64.3%) as ISL stage 2, and
three patients (10.7%) as ISL stage 3. Regarding the
location of lymphedema, 19 patients were diagnosed with
lower extremity lymphedema, of whom 12 (42.9%) had
lymphedema in the left leg and seven patients (25.0%)
in the right leg. Additionally, nine patients presented
with upper extremity lymphedema, with four patients
(14.3%) experiencing lymphedema in the left arm and
five patients (17.9%) in the right arm.

Surgical Outcomes and Parameters

The mean operative duration for VLNT procedures
was 6.8 + 1.5 hours, highlighting the complexity of
microsurgical techniques employed. The average hospital
stay was 11.0 days with mean follow-up time of 18.9
months. Among the 28 patients who underwent VLNT,
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TABLE 1. Demographic Characteristics of Patients Who Received VLNT.

Demographic Data of Patients Who Received VLNT

Etiology (%)

Ob-Gyn Cancer Related
HNB Cancer Related
Non-Cancer Related

Primary

Cancer Treatment
Surgery

Node Dissection
Chemotherapy
Radiotherapy

Lymphedema Duration (year): Median [Q1, Q3]
Previous Infection (episodes): Median [Q1, Q3]

Previous Lymphedema Treatment (%)
Lymphaticovenous anastomosis (LVA)
Vascular Lymph Node Transfer (VLNT)

Liposuction

ISL (%)
’
2
3

Location (%)
Left Arm
Right Arm
Left Leg
Right Leg

23 (85.2%) were categorized as having successful outcomes,
while 4 patients (14.8%) were classified as failed surgeries,
with one additional patient lost to follow-up. Postoperative
complications were delineated into four categories:
flap congestion, flap necrosis, hematoma, and cellulitis,
affecting three, two, two and five patients, respectively.
Overall, 14 patients (51.9%) experienced postoperative
infections, while 13 patients (48.1%) remained infection-
free. Additionally, patients were categorized based on
donor and recipient sites. Donor sites included the
supraclavicular (7 patients, 25%), submental (7 patients,
25%), and omental (14 patients, 50%) area. Recipient sites
included the axilla (1 patient, 3.6%), wrist (8 patients,
28.6%), thigh (3 patients, 10.7%), calf (8 patients,

13 (46.4)
8 (28.6)
1(3.6)

6 (21.4)

19 (67.9)
7 (25.0)

12 (42.9)
14 (50.0)

3.5[1.25, 9.75]
1.0[0.0, 3.0]

11 (39.3)
1(3.6)
1(3.6)

7 (25.0)
18 (64.3)
3(10.7)

4 (14.3)
5(17.9)
12 (42.9)
7 (25.0)

28.6%), ankle (6 patients, 21.4%), and dorsum of the foot
(2 patients, 7.1%) (Table 2).

Quantitative measurements, including preoperative
and postoperative limb circumference assessments, were
essential for evaluating treatment efficacy and tracking
disease progression longitudinally. We calculated the
percentage reduction in limb circumference by comparing
preoperative measurements to postoperative results
at 1, 3, 6, and 12 months, respectively. The findings
revealed that patients with upper extremity lymphedema
patients showed the highest percentage reduction in limb
circumference at 12 months postoperatively, particularly at
site 3, with a reduction 0f 9.68%. Conversely, patients with
lower extremity lymphedema demonstrated the greatest
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TABLE 2. Surgical Outcomes and Parameters of Lymphedema Patients Who Received VLNT.

Surgical Outcomes and Parameters of Lymphedema Patients Who Received VLNT

Operative Time (hours): Mean * SD

Hospital Stay (days): Median [Q1, Q3]

Mean Follow-up Time (months): Median [Q1, Q3]
Donor Site (%)

Supraclavicular
Submental
Omentum

Recipient Sites (%)
Axilla

Wrist

Thigh

Calf

Ankle

Dorsum of foot

Operation Results (%)
Success
Failed

Complications (%)
Flap Necrosis
Flap Congestion

Hematoma

Postoperative Infection (%)
No 13 (48.1)

Yes

percentage reduction in limb circumference at site 1, 6
months postoperatively, with a reduction of 3.56%. For
upper extremity lymphedema patients, the percentage
reduction in limb circumference progressed from most
reduction toleast at 12, 1, 6,and 3 months postoperatively,
respectively. For lower extremity lymphedema patients,
the percentage reduction in limb circumference, the order
was 6, 3, 1, and 12 months, respectively, from most to
least reduction. Fig 1 and 2 illustrate the postoperative
percentage reduction in limb circumference relative to
preoperative measurements, where a negative value indicates
a decrease in limb circumference, while a positive value
indicates an increase in limb circumference compared
to the baseline.

6.8+15
11.0 [9.5, 21.0]
18.9[13.7, 37.6]

7 (25.0)
7 (25.0)
14 (50.0)

1(3.6)
8 (28.6)
3(10.7)
8 (28.6)
6 (21.4)
2(7.1)

23 (85.2)
4 (14.8)

3(11.1)
2 (7.4)
2 (7.4)

14 (51.9)

The table below showed the mean percentage limb
reduction with standard error (SE) in relation to the
follow-up time at 1, 3, 6, and 12 months post-operatively
(Table 3). The p-value showed significantly reduction
in the upper extremities especially in 12 months post-
operative (Table 3a), while the lower extremities showed
most reduction at 6 months post-operative (Table 3b). The
table illustrated that the upper extremities benefit from the
VLNT treatment the most, with the significant reduction
shown in most of the site and follow-up month, while
the lower extremities showed no statistical significance
in the percentage reduction. However, the dynamic and
trend of the outcome can still be seen from the outcomes.
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% Reduction: Mean
A
|

Lower Extremities Circumference

% Reduction: Mean
1

DISCUSSION

The comprehensive retrospective analysis of 28 patient
charts demonstrated the complexities of lymphedema
management. The predominance of female patients in
our study (92.9%) aligns with the higher prevalence of
lymphedema among women, emphasizing the need
for gender-specific considerations in lymphedema
management. The mean age of our patient cohort (61.07
years) underscores the significance of lymphedema
as a condition commonly affecting older individuals,
necessitating age-appropriate strategies in treatment
planning and care. Cancer also was a major contributor
to lymphedema, with up to 75.0% of patients having
cancer including gynecological cancers, particularly
breast cancer.

The comparison of postoperative and preoperative
limb circumference measurements provides valuable
insights into the effectiveness of surgical interventions in
reducing limb volume and managing lymphedema. Our
findings highlight the dynamic nature of lymphedema
management, with significant differences observed across
various measurement sites and time points. Notably,

Fig 1. Postoperative Percent Reduction in Limb
Circumference Among Upper Extremity
Lymphedema Patients Compared to Preoperative

Month Measurements
Site 5
S!te 4 Upper extremities landmarks starting at 20 cm
ite
Site 1 above olecranon (Site 1), 10 cm above olecranon
Site 2 (Site 2), 10 cm below olecranon (Site 3), 20 cm
below olecranon (Site 4), and mid palm (Site 5).
The (*) in the graph indicated statistical significance
—— Site 3 at the point of time and site.
—— Site 1 Fig 2. Postoperative Percent Reduction in Limb
Circumference Among Lower Extremity
—+— Site 3 Lymphedema Patients Compared to Preoperative
Measurements
Month
i Lower extremities landmarks starting at 20 cm
—»— Site 4 . .
- Site 2 above patella (Site 1), 10 cm above patella (Site
2), 10 cm below tibial tuberosity (Site 3), 10cm
—+— Site 5

above medial malleolus (Site 4), and mid-arch of
the foot (Site5)

the findings revealed significant reduction in upper
limb circumference with the highest percentage at 12
months postoperatively, with a reduction of 11.063%.
Conversely, the greatest percentage reduction in lower
limb circumference at 6 months postoperatively, with
a reduction of 7.029%. These findings underscore the
efficacy of surgical interventions, such as vascularized
lymph node transfer (VLNT), in restoring lymphatic
function especially in the upper extremities.

The variation in response to surgical interventions
between upper and lower extremity lymphedema patients
underscores the importance of tailoring treatment strategies
to individual patient characteristics and disease severity.
Furthermore, the calculated percentage reduction in limb
circumference provides quantitative evidence of treatment
efficacy, with upper extremity lymphedema patients
demonstrating the highest percentage reduction at 12
months postoperatively and lower extremity lymphedema
patients exhibiting the greatest reduction at 6 months
postoperatively.

Compared to prior research, Brown et al. (2023)
conducted an extensive review of studies evaluating
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TABLE 3. Estimated mean of percent reduction at each month and site by Generalized Estimating Equations (GEE).

(a) Upper Extremities Circumference

% Reduction from baseline

Site Month 1

1 Mean (SE) -0.47 (1.29)
p-value 0.717

2 Mean (SE) -2.18 (1.09)
p-value 0.046

3 Mean (SE) -6.17 (1.61)
p-value <0.001

4 Mean (SE) -5.12 (3.47)
p-value 0.141

5 Mean (SE) -5.23 (1.89)
p-value 0.006

(b) Lower Extremities Circumference

% Reduction from baseline

Site Month 1

1 Mean (SE) -0.73 (1.84)
p-value 0.694

2 Mean (SE) 0.83 (2.40)
p-value 0.728

3 Mean (SE) 0.08 (2.46)
p-value 0.975

4 Mean (SE) 0.99 (2.75)
p-value 0.718

5 Mean (SE) 1.10 (1.16)
p-value 0.342

Month 3 Month 6 Month 12
1.82 (1.54) 1.03 (1.86) -3.74 (1.89)
0.238 0.580 0.048

-3.06 (1.93) -2.94 (1.77) -5.39 (2.19)
0.112 0.096 0.014

-4.94 (3.21) -7.89 (3.28) -9.68 (3.09)
0.124 0.016 0.002

-3.37 (3.22) -3.30 (3.72) -3.62 (2.91)
0.295 0.375 0.213

-0.74 (2.50) -1.65 (1.34) -2.91 (1.39)
0.767 0.220 0.035
Month 3 Month 6 Month 12
-1.33 (2.99) -3.56 (2.16) 2.29 (3.15)
0.656 0.100 0.468

-0.68 (3.18) -2.93 (2.88) -1.64 (3.19)
0.831 0.308 0.608

-0.43 (2.72) -2.37 (2.23) 1.10 (2.81)
0.874 0.288 0.697

-1.85 (2.22) -2.97 (1.63) -1.49 (3.09)
0.403 0.069 0.631

2.09 (2.10) 0.79 (1.61) -2.72 (1.79)
0.319 0.623 0.128

Lower extremities landmarks starting at 20 cm above patella (Site 1), 10 cm above patella (Site 2), 10 cm below tibial tuberosity (Site 3), 10

cm above medial malleolus (Site 4), and mid-arch of the foot (Site 5)

outcomes following VLNT, addressing factors such as
limb measurements, bio-impedance, Patient-Reported
Outcome Measures (PROMs), cellulitis, and complications.”
While our study primarily focuses on limb circumference
measurements and percentage reduction, our findings
aligned with the broader consensus that VLNT offered
significant advantages in managing lymphedema. The
observed improvements in postoperative complications
further validate the effectiveness of VLNT as a therapeutic
approach for managing lymphedema. Similarly, Ciudad et al.

(2019) performed a comparative examination of clinical
outcomes in upper and lower extremity lymphedema,
suggesting potential benefits of VLNT, particularly in
upper extremity cases.”* Our findings supported these
findings, demonstrating favorable outcomes in upper
extremity lymphedema, including significant reductions
in limb volume over the follow-up period. However, our
research not only showed the similar outcome, but also
showed the dynamic nature of the limb reduction, where
the circumferences can vary with time. This highlights
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the potential advantages of VLNT in addressing upper
extremity lymphedema and emphasizes the importance
of tailoring treatment strategies to specific anatomical
considerations.

Numerous studies have investigated lymphedema
treatment, including comprehensive reviews of VLNT
outcomes, ' complications,"*”” and meta-analysis of
VLNT efficacy in lymphedema treatment.” > Meuli et al.
(2023) conducted a meta-analysis of microsurgical
treatments for lymphedema, concluding that both LVA and
VLNT are effective in reducing the severity of secondary
lymphedema.”" Brown et al. (2023) reviewed studies
that evaluated outcomes such as limb-measurement,
bio-impedance, Patient-Reported-Outcome-Measures
(PROMs), cellulitis and complications at 1 and 2 years
post-VLNT.” Similarly, Ciudad et al.** compared clinical
outcomes between upper and lower extremity lymphedema,
finding that VLNT may provide greater benefits for
upper extremities, a result consistent with Ward et al.’s
meta-analysis.”

A limitation of this study is the relatively small
number of VLNT cases at Siriraj Hospital. Lymphedema
is not the most common cause of limb edema and is

16,17 8-20

often misdiagnosed,” resulting in a limited number of
lymphedema cases, and an even smaller cohort receiving
VLNT treatment. Despite this limitation, our research
focused specifically on patients with VLNT at Siriraj
Hospital and included sequential follow-up evaluations.
This approach provided more detailed insights into the
progression of postoperative outcomes compared to
methods used in previous studies.

These findings highlight the importance of longitudinal
assessment and monitoring in evaluating treatment
outcomes and guiding therapeutic decision-making
in lymphedema management. By employing objective
metrics such as limb circumference measurements
and percentage reduction, clinicians can track disease
progression, assess treatment response, and optimize
patient care strategies. Moving forward, further research
should explore the long-term efficacy and durability of
surgical interventions, as well as identify predictive factors
associated with treatment success across different patient
subgroups. Overall, our study underscored the dynamic
nature of lymphedema management and emphasized
the importance of individualized, multidisciplinary
approaches to optimize patient outcomes and enhance
quality of life.

CONCLUSION
Our study underscores the importance of a
multidisciplinary approach to lymphedema care, integrating

surgical expertise with comprehensive assessment and
rehabilitation. Tailored interventions, such as VLNT,
demonstrated significant potential in reducing limb
volume and managing complications. The VLNT showed
better result in reducing upper extremities lymphedema
than in lower extremities lymphedema. The study also
showed the dynamic result compared to time of follow-
up. Therefore, the study suggests VLNT as a surgical
option for upper extremities lymphedema patients.
However, further analytic research is suggested to refine
treatment strategies, identify predictive factors, and
enhance patient care. By advancing our understanding
and refining approaches, we can improve outcomes and
enhance the quality of life for individuals living with
lymphedema.
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ABSTRACT

Objective: To investigate the correlation of fetal biometric parameters (FBP; estimated fetal weight (EFW), head
circumference (HC), biparietal diameter (BPD), abdominal circumference (AC) and femur length (FL) and maternal
height (MH) ratio to predict cesarean delivery (CD) due to labor dystocia (LD).

Materials and Methods: This retrospective case-control study was conducted at the Department of Obstetrics
and Gynecology, Bhumibol Adulyadej Hospital, Bangkok, Thailand, between January 2022 and December 2023.
Inclusion criteria were pregnant women with singleton, cephalic presentation, termed and without contraindication
of vaginal delivery.

Results: A total of 243 parturients were included in the study, with a mean age of 28.6 years. The cesarean delivery
rate was 34.1% (83/243). The predictive model was developed incorporating variables including parity, maternal
age, gestational diabetes mellitus (GDM), weight, and the FBP/MH ratio. The predictive model for CD due to LD
demonstrated an AUC of 0.905, indicating excellent performance. Sensitivity, specificity, negative predictive value
(NPV), positive predictive value (PPV), positive likelihood ratio (LR+), and negative likelihood ratio (LR-) were
91.6, 74.4, 94.4, 65, 3.57 and 0.11 percent, respectively.

Conclusion: The FBP/MH ratio is an independent risk factor for predicting CD due to LD. The predictive model
of CD due to LD gave sensitivity, specificity, NPV and PPV at percentages of 91.6, 74.4, 65 and 94.4 respectively.
This model might be a simple screening tool for labor attending personnel.

Keywords: Labor dystocia; fetal biometric parameters; maternal height; cesarean delivery (Siriraj Med ] 2025; 77:

436-445)

INTRODUCTION

Labor dystocia (LD), or difficult labor, is defined
as abnormally slow progression or arrest of labor; it
is the most common indication for primary cesarean
delivery (CD) in nulliparous women when diagnosed
during the birthing process. Approximately one-third
of the primary cesarean indications are LD."” Adverse
outcomes of cesarean delivery include hemorrhage,
infection and neonatal compromise.*

The current evaluation of pelvimetry typically relies
only on digital interrogation of the bony pelvis to measure
cervical dilation as well as fetal and head positions during
parturition. However, digital examination is a subjective
method that allows for interpersonal variation among
practitioners.’

Estimated fetal weight (EFW) and fetal head
circumference (FHC) have been reported to affect the
odds of successful vaginal delivery. In fact, the compatibility
between FHC and maternal pelvis is a key factor for
successful vaginal delivery.”” A previous study proposed
the use of FHC to maternal height (MH) ratio for the
prediction of labor dystocia risk.* Molaei (2022) reported
that EFW and FHC ultrasound measurements can be used
to predict the need for cesarean section and abnormal
dilatation progression.” However, studies regarding
the Fetal Biometric Parameter (FBP) to MH ratio in
predicting labor dystocia are lacking.

This study investigated the correlation and predictive
tool between fetal biometric parameters and MH ratio
in labor dystocia prediction. The convenience predictive
model via smart phone might be generated for real world
using.

MATERIALS AND METHODS
Study design

This retrospective case-control study was conducted at
the Department of Obstetrics and Gynecology, Bhumibol
Adulyadej Hospital (BAH), Thailand, between January
2022 and December 2023. In 2024, this study was approved
by the ethics committee of Bhumibol Adulyadej Hospital
(BAH) (IRB 69/67).

Data source and study population

This study was conducted on pregnant women who
gave birth at BAH between January 2022 and December
2023. The inclusion criteria were women with singleton
fetuses that had reached full term (gestational age after 37
weeks) in cephalic presentation with no contraindication
to vaginal delivery. Women who underwent cesarean
section for any indication other than labor dystocia,
namely fetal non-reassuring, fetal distress, or elective
cesarean section were excluded. Women diagnosed
with labor dystocia based on the American College of
Obstetricians and Gynecologists (ACOG)/ Society for

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 77, No.6: 2025 Siriraj Medical Journal 437



Wadeng et al.

Maternal-Fetal Medicine (SMFM) recommendations
for the safe prevention of primary cesarean section
were included when the criteria for arrest of dilatation
or arrest of labor in the second stage were fulfilled.’

Active labor was characterized by fully effaced and
atleast 6 cm of cervical dilatation, with three contractions
per 10 minutes as recorded by tocography. A protracted
active phase occurred when, despite 6 cm dilation and
ruptured membranes, labor did not progress after 4
hours of adequate uterine activity or 6 hours of oxytocin
administration with inadequate contraction and no
turther dilation. Arrest of labor in the second stage
was diagnosed if the active phase lasted two hours in
multiparous women or three hours in nulliparous women
without fetal head descent."”

To enhance the model’s effectiveness, missing
ultrasound records of FBP, namely estimated fetal weight
(EFW), fetal head circumference (FHC), fetal biparietal
diameter (FBPD), fetal abdominal circumference (FAC),
and fetal femur length (FFL) within the week prior to the
delivery, and unqualified diagnosis of LD were excluded
before analysis.

Sample size

The sample size was calculated based on the comparison
between two different proportions, using the statistical
software package STATA (version 18) (StataCorp, College
Station, TX, USA). The data were divided into two groups:
patients who had cesarean deliveries due to labor dystocia
(cases) and those who had vaginal deliveries (controls)
in a 1:2 ratio. The proportion of women who underwent
cesarean section due to labor dystocia (CDLD) was 0.73.
The proportion of women who had vaginal delivery (VD)
was 0.53. Using a continuity correction, the sample size

was calculated to be 76 for cases and 152 for controls.
After accounting for a 10% dropout rate, the adjusted
total sample size required was 250 patients, including 84
for cases and 166 for controls to achieve 80% statistical
power with a two-sided alpha error of 0.05.

Aim

The primary aim of this study was to investigate
the relationship between FBP/MH ratio and CDLD. The
secondary aim was to develop and validate a multiparameter
risk-based system. Additionally, the study assessed the
receiver operating characteristic (ROC) curve to identify
cut-off points that correlate with CDLD. Accuracy,
sensitivity, specificity, negative predictive value (NPV),
positive predictive value (PPV), positive likelihood ratio
(LR+), and negative likelihood ratio (LR-) were investigated.

Conventional statistical analysis

Statistical analysis was conducted using the STATA
for MacBook, version18. Chi-square test or Fisher’s
exact test was used to compare the rates of various risk
factors between the CDLD and VD groups. Multivariable
analysis (logistic regression) was used to explore the
potential predictors of CDLD, with a p-value threshold
<0.05. Logistic coeflicients were transformed into risk-
based systems. Internal validation was performed by
bootstrapping procedure.

RESULTS

In the study period, there were 250 cases of termed
pregnant women. After exclusions, 243 subjects were
recruited in the study as shown in Fig 1. The success rate
of vaginal delivery was 65.9% (160/243). Subjects were
divided into VD and CDLD groups. The mean age of

Enrollment Assessed for eligibility
(n= 250)
losiiglie in=1 Fig 1. Participant flow diagram.
- No US records* (n=6) *No ultrasound records within the week
- Unqualified** (n=1) prior to delivery, **Unqualified diagnosis
of labor dystocia.
Confirmed Eligible Abbreviations: CD: cesarean delivery,
Allocation (n=243) LD: labor dystocia, VD: Vaginal delivery
1
| 1
CD due to LD VD
(n =83) (n= 160)
|
Ana[ysis Analyzed Analyzed
(n=83) (n=160)

438 Volume 77, No.6: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



the parturient and gestational age were 28.6 years and
38.8 weeks, respectively, with no statistically significant
differences between groups. Both groups had similar
maternal height (MH), total weight gain, and positive
gestational diabetes mellitus (GDM) rates. However,
the CDLD group had statistically significantly higher
pre-pregnancy weight (PPW: 63.5 vs. 58.3 kg), maternal
weight at delivery (MWD: 76.3 vs. 70.9 kg), body mass

...................................... Original Article SM]

index at delivery (BMI: 30.5 vs 28.3 kg/m?), and nulliparity
(68.7% vs. 41.9%) compared to the VD group.
FBP/MH ratios, including EFW/MH, FHC/MH, FBPD/
MH, FAC/MH, and FFL/MH ratios, were significantly
higher in the CDLD group compared to the VD group,
as shown in Table 1. Additionally, the occiput-posterior
position was more frequently found in the CDLD group
than in VD group (36.1% vs. 5.6%, p-value < 0.001).

TABLE 1. Baseline characteristics of women included in study and comparison between those who had vaginal
delivery (n=160) and those who had caesarean delivery due to labor dystocia (n=83).

Total*
Age (years) 28.6+5.7
Nulliparity** 124 (51.0)
GAB (weeks) 388+1.2
MH (cm) 158.1+6.7
PPW (kg) 60.1 + 14.1
MWD (kg) 72.8+14.8
TWG (kg) 127+7.6
BMI at LR (kg/m?) 29.1+5.6
Positive GDM** 39 (16.1)
OP position** 39 (16.0)
Male newborn** 127 (52.3)
Birth weight (kg) 32+04
EFW (kg) 3.1+04
FBPD (mm) 91.6+3.9
FHC (mm) 326.0+12.1
FAC (mm) 328.5+329
FFL (mm) 69.9+34
EFW/MH ratio 196+25
FHC/MH ratio 21+0.2
FBPD/MH ratio 0.6+0.0
FAC/MH ratio 21+0.2
FFL/MH ratio 04+0.0

VD* CcD* p-value
284 +5.9 28954 0.569
67 (41.9) 57 (68.7) <0.001
38.7+1.1 389+1.3 0.218
158.2 £+ 6.7 157.95+ 6.8 0.764
58.3 + 13.1 63.5+ 15.1 0.005
70.9 £ 14.2 76.3+15.2 0.007
12.7£8.3 12.7+6.0 0.958
28.3+5.5 305+54 0.004
23 (14.4) 16 (19.3) 0.536
9 (5.6) 30 (36.1) <0.001
81 (50.6) 46 (55.4) 0.478
3.1+04 34+04 <0.001
3.0+0.3 34+04 <0.001
91.1+4.0 926 +34 0.004
3234+11.8 3309+ 11.0 <0.001
323.8+28.6 337.6+38.4 0.002
69.4 £ 3.2 70.8 £ 3.7 0.003
18.7+2.1 21324 <0.001
2.1+0.1 2.1+0.1 <0.001
0.6 +0.0 0.6+0.0 0.013
21+0.2 2103 0.003
04 +0.0 0.5+0.0 0.008

*mean + standard deviation (SD), ** n (%)

Abbreviations: MH : maternal height, BMI : body mass index, GDM : gestational diabetes mellitus, GAB: gestational age at birth, EFW :
estimated fetal weight, FBPD : fetal biparietal diameter, FHC : fetal head circumference, FAC : fetal abdominal circumference, FFL : fetal

femur length, VD : vaginal delivery, CD : cesarean delivery due to labor dystocia, PPW : pre-pregnancy weight, MWD : maternal weight at

delivery, TWG : total weight gain, GDM : gestational diabetes screening, OP : occipito posterior position of fetus
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Model development

After multivariable logistic analysis, the influencing
factors of labor dystocia, specifically: age, nulliparity, MWD,
GDM, EFW/MH ratio, FBPD/MH ratio, FHC/MH ratio, FAC/
MH ratio, FFL/MH ratio and fetal position were analyzed
to construct the predictive model. The receiver operating
characteristic (ROC) curve was generated as shown in
Fig 2. Area under the curve (AUC) and p-value were
0.9047. The appropriate cut-off point of the model was
0.23 which provided sensitivity, specificity, LR+, LR-,
PPV, and NPV at 91.6, 74.4, 3.57, 0.11, 65, and 94.4
percent, respectively.

Accuracy of predictive model

This model incorporated 10 factors, including age,
parity, MWD, FPM/MH ratio (EFW/MH, FHC/MH,
FBPD/MH, FAC/MH, FFL/MH ratio), GDM, and fetal
position. The probability of the predictive model could be
estimated using a combination of 10 factors as illustrated
in Table 2. Internal validation was run by the Bootstrap

Sensitivity 91.6%
Specificity 74.4%

Sensitivity
0.50 0.75

0.25

0.00

0.00 0.25 050 075 1.00

Area under ROC curve = 0.9047

Fig 2. Receiver operating curve (ROC) of Wadeng Score to predict
cesarean delivery due to labor dystocia

Abbreviations: PPV: positive predictive value, NPV: negative
predictive value, LR+: positive likelihood ratio, and LR-: negative
likelihood ratio

TABLE 2. Predictors of cesarean delivery due to labor dystocia in Term pregnancy.

Predictors coefficient 8
Age 0.0760766
Parity
Nulli 1.996217
Multi Ref
MWD 0.0021692
Ratio
EFW/MH 0.8940321
FBPD/MH -2.309326
FHC/MH 0.3593595
FAC/MH -0.2086456
FFL/MH -1.265261
GDM
Yes -0.4003198
No screening 0.7847241
No Ref
Position
OP 2.42365
OA Ref

OR 95% CI p-value
1.08 1.00-1.16 0.035
3.04 1.74-5.33 <0.001
1.02 1.01-1.04 0.009
1.69 1.45-1.97 <0.001
1.59 1.22-2.07 0.001
2.95 1.23-7.05 0.015
1.36 1.13-1.64 0.001
1.69 1.45-1.97 <0.001
1.50 0.72-3.13 0.275
1.18 0.64-2.18 0.598
9.50 4.23-21.30 <0.001

Formula of model : exp“+/(1+exp*), where Z = (Age*0.0760766)+1.996217* (parity: nulliparity = 1, multiparity = 0) + 0.0021692*(MWD) +
0.8940321*(EFW/MH ration) + (-2.309326*(FBPD/MH ratio)) + (0.3593595*FHC/MH ratio)+ (-0.2086456*FAC/MH ratio) +( -1.265261*
(FFL/MH ratio)) + (-0.4003198*GDM: Yes = 1, No= 0) + (0.7847241*No GDM screening: Yes= 1, No=0)+( 2.42365*fetal position : OP=

1,0A=0)

Abbreviations: MWD : maternal weight at delivery, GAB: gestational age at birth, MH : maternal height, EFW : estimated fetal weight,
FBPD : fetal biparietal diameter, FHC : fetal head circumference, FAC : fetal abdominal circumference, FFL : fetal femur length, GDM :
gestational diabetes mellitus, OP : occipito posterior position of fetus, OR : odds ratio
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method (800 sampling times). The predictive model
showed excellent internal validation according to the
calibration plot as shown in Fig 3. It represented the
agreement of predictive model probability. The decision-
curve analysis demonstrated the clinical utility of the
model as shown in Fig 4.

In order to use the model, the clinical setting was
divided into three groups, namely: low (<0.32), intermediate

...................................... Original Article S M]

(0.32-0.72) and high risk (>0.72). The score from the
prediction model at 0.32 gave the likelihood ratio (LR)
for cesarean delivery at 1. However, the score of 0.72
gave LR for cesarean delivery at 10-fold as shown in
Fig 5 and Table 4. The enhanced predictive model could
be accessed through this web link: https://wadeng-score.
vercel.app/ or QR code as shown in Fig 5.
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The result of internal validation was used by the Bootstrap method (800 sampling times). X axis represented the predictive of cesarean

delivery by model. Y axis represented the real cesarean delivery.

The predictive model showed excellent internal validation according the calibration plot.

Fig 3. Calibration plot of expected and true cesarean delivery prediction

Decision curve analysis

Decision curve for prediction model from
243 parturient in the current study.

Line A represented the condition of no
treatment and net benefit is zero.

Line B represented the condition of treatment

for 100 percent of cesarean delivery.

Line C represented the effect of treatment
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according to the presenting model.
The presenting model give the expected

net benefit than no model used.

Net Benefit: Treat All
Net Benefit: Treat None

Smoothed Net Benefit: Wadeng score

Fig4. Decision curve analysis of the presenting

model
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TABLE 3. Comparison prediction model for labor dystocia from previous study and our study.

Years
Country
Designs

N

Stage of labor

Characteristic
Age
Nulliparity (%)
MH
BMI
CDLD (%)
GA

Factor
Age
MW
Parity
GA
GDM
CD
MS
PROM
Oxytocin use
PLT
Fetal position
Fetal station
EFW
FAC
EFW/MH
FBPD/MH
FHC/MH
FAC/MH
FFL/MH

ROC
Cutoff
Sensitivity
Specificity
LR+

LR-

YunSeok

2022

Korea
Retro
1,326

Latent and active

294
31.8
160.34
26.28
14.2
39.5

0.859
0.1
85.19
66.58
2.55
0.2

Yanging
2023
China
Retro
2,161

Active

26.6

50

No data
26.39
8.5
42.9

AN

0.942
12.9
84.2
92.9

Present

2024
Thailand
Retro
243

Latent

28.9
51
158
291
4.47
38.8

NIENENEN

4
0.905
0.23
91.6
74.4
3.57
0.11

Abbreviations: MW: maternal weight, MH: maternal height, CDLD: primary cesarean rate due to labor dystocia, GA: gestational age, CD:

cervical dilatation, MS: meconium staining, PROM: premature rupture of membrane, PLT: prolong latent phase, EFW: estimated fetal
weight, FBPD: fetal biparietal diameter, FHC: fetal head circumference, FAC: fetal abdominal circumference, FFL: fetal femur length, PLP:

prolong latent phase
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Fig 5. shown likelihood ratio (LR) with predictive score and QR code to access the predictive model using the Wadeng score.

TABLE 4. Distribution of CD due to LD in different level risk categories (low-, intermediate-, and high- risk)

Score Prevalence (%) LR+ 95% CI p-value
Low <0.32 11.33 0.25 0.16-0.38 <0.001
Intermediate 0.32-0.72 51.11 2.02 1.20-3.39 0.007
High >0.72 89.58 16.58 6.83-40.30 <0.001

Abbreviations: CD: cesarean delivery, LD: labor dystocia, LR+: positive likelihood ratio, 95%CI: 95% Confidence Interval

DISCUSSION

CD is one of the most common obstetric operations
performed worldwide."" Current estimates indicate that
the global cesarean section rate is approximately 21%, with
projections suggesting it will rise to 30% by 2030."” One
of the indications of CD is LD.' LD is not currently used
as a diagnostic tool. It requires integration of maternal
and fetal evaluation, labor progression and expertise of
obstetricians attending the patient.”"

In this study, the correlation between FBP/MH
ratio and cesarean delivery due to labor dystocia was
evaluated. The FBP/MH ratios: EFW/MH, FBPD/MH,
FHC/MH, FAC/MH and FFL/MH were shown as significant
independent risk factors for CDLD. Furthermore, a
new risk-prediction model named Wadeng score was
proposed to estimate the risk of CDLD based on maternal
risk factors and fetal sonographic parameters.

Comparison between Previous Model and Our
Study

According to Table 3, in 2022 YunSeok presented
a prediction model for CDLD. Their model consisted of

parity, GA, MH, cervical dilatation, meconium staining,
and the use of oxytocin and estimated fetal weight."* The
Cesarean rate of YunSeok’s study was only 14.2 percent.
The AUC of the YunSeok model reported 0.859 levels. A
suggested cut point from YunSeok study gave sensitivity,
specificity, negative likelihood ratio (LR-) and positive
likelihood ratio (LR+) of 85.2 percent, 66.6 percent, 0.2
and 2.5, respectively."” Yanqing from China reported
their model for CDLD prediction in 2023. The Yanqing
model consisted of premature rupture of membranes,
FAC, prolonged latent phase, fetal station, and fetal
position."” The Cesarean rate of Yanqing’s study was 8.5
percent. AUC of the Yanqing model reported a level of
0.942. Sensitivity and specificity were reported at 84.2
and 92.9 percent, respectively.”

The current study incorporated 10 factors including
age, parity, MWD, FPM/MH ratio, GDM and fetal position.
The predictive model of the current study gave AUC a
level of 0.905. Sensitivity, specificity, LR+ and LR- were
recorded at 91.6%, 74.4%, 3.57, and 0.11, respectively.
The current model gave more sensitivity and LR+ than
YunSeok’s model (91.6 vs 85.2 percent and 3.57 vs 2.5).
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The AUC of current study slightly less than Yanqing’s
study (0.905 vs 0.942). However, the sensitivity of the
current study exceeded Yanging’s report (91.6 vs 84.2
percent) which offers value as a screening tool.

The primary cesarean rates due to labor dystocia
in our study, YunSeok’s and Yangqing’s studies, were
4.47, 14.2, and 8.5 percent, respectively. The possible
explanation of low cesarean rates in the current study
may be attributed to the strict adherence to ACOG
and SMFM diagnostic criteria for labor dystocia by the
staff on duty in the delivery room. As a result, cases of
labor dystocia were less frequently diagnosed, with most
cesarean sections performed for other conditions, such
as failed induction.

The predictive value for CDLD from the current
study had the same power as YunSeok’s and Yanqing’s
studies. The web-based tool for the health care worker
attending the labor room was used for its convenience and
ease of use. The application was appropriate for use with
parturients in latent phase. Yanqing’s was appropriate for
use with patients in active phase.”” YunSeok and Yanqing
used EFW and FAC from ultrasonography to generate
predictive model, respectively. The Wadeng predictive
model used more parameters than YunSeok and Yanqing
(EFW/MH, FBPD/MH, FHC/MH, FAC/MH and FFL/
MH ratio). The current predictive model was user-friendly
for labor-attending personel in Thailand. Smartphone
was electronic device that available in Thailand. It could
be the easy screening tool to consider and consult to
expertise obstetricians or refer to the well-equipped
hospital.

Strengths and weakness

Our study developed an application to ensure
convenient access and ease of use for labor attending
personnel. This application was suitable for physicians
who had limited expertise in assessing LD. Furthermore,
the application from the current study categorized patients
into three groups, namely: low, intermediate, and high risk
for the purposes of management and referral planning.
Lack of external validation and single center might be
the limitations of the study.

Additional study including multicentric collaboration
and larger sample sizes with external validation is suggested
for future investigation to assess the predictive model’s
performance in diverse settings.

CONCLUSION
The Wadeng model was proposed. FBP/MH ratio
was an independent risk factor for predicting CDLD.

The Wadeng predictive model could be assessed via
internet route by computer devices. Low, intermediate
and high risk groupings from the predictive model gave
the predictive value of CDLD risk at 0.25, 3.4 and 16.6
folds, respectively. A patient labeled as high-risk from
the use of this predictive model might trigger the labor
attending personnel to consult an expert obstetrician quite
early, or the patient might be referred to a higher tier
health center if the current facility has limited resources
for future operation requirements. The relatively small
sample size and lack of external validation were the
limitation of the current study. External validation or
integration into clinical practice would be the next step.
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ABSTRACT

Objective: The primary aim of this study is to assess ergonomic risks among office workers at the Golden Jubilee
Medical Center using the Rapid Office Strain Assessment Thai version (Thai ROSA). Additionally, the study explores
the relationship between ergonomic risks and pain, considering the multifaceted nature of work-related discomfort.
Materials and Methods: A cross-sectional study was conducted, involving 147 office workers who regularly use
desktop computers. The Thai ROSA tool was employed for ergonomic risk assessment. Self-report questionnaires,
including a pain questionnaire and health behavior assessment, were utilized. Statistical analyses, including descriptive
statistics and bivariate analyses, were applied to interpret the data.

Results: While the majority of participants reported low ergonomic risk, the prevalence of musculoskeletal pain,
particularly in the neck and lower back, was noteworthy. Surprisingly, discrepancies were observed between Thai
ROSA-assessed ergonomic risks and reported pain levels.

Conclusion: The study highlights the pervasive issue of musculoskeletal pain among office workers, urging
comprehensive strategies beyond conventional ergonomic assessments. Despite low Thai ROSA-assessed risks,
a substantial portion reported discomfort, emphasizing the need for refined ergonomic tools and workplace
interventions. Encouraging healthy behaviors is crucial for overall well-being, and future research should explore
the intricate interplay between physical and mental factors contributing to work-related pain.

Keywords: Work-related musculoskeletal disorders; ergonomics; rapid office strain assessment (Siriraj Med ] 2025;

77: 446-455)

INTRODUCTION

In the modern era, desktop and portable computers
have become essential tools in the office, enabling efficient
task completion and time savings.' Many office workers
rely on computers as their primary work tool, with work
durations often exceeding four hours per day.” Despite
the common perception that office work may not require
substantial physical exertion, it can lead to Work-Related
Musculoskeletal Disorders (WMSDs), often resulting
from poor posture.’ Prolonged periods of maintaining the
same posture, such as sitting at a computer with the head
inclined toward the screen and fingers and wrists held in
static positions, can adversely affect muscles, ligaments,
joints, and bones, increasing the risk of injury.”” Risk
factors for WMSDs can be categorized into three main
groups: physical, psychosocial, and personal factors.
Physical factors include repetitive tasks, prolonged static
positions, joint pressure, and significant physical effort.
Psychosocial factors include motivation to work, time
constraints, and stress, while personal factors include age,
gender, body proportions, and daily life activities.®” The
impact of WMSDs extends beyond individual discomfort,
significantly impacting work performance and overall
quality of life.” These conditions often require medical
attention, diverting time and resources away from work
and ultimately affecting organizational productivity.

Ergonomics, the discipline of human interactions
within occupational contexts across various dimensions’,
isa crucial discipline that focuses on addressing ergonomic

6,7

risks faced by office workers. It specifically focuses on
office environments, and ergonomic principles involve
optimizing working conditions by considering the
positioning and utilization of office equipment directly
linked to tasks."” Applying ergonomic principles in the
office not only prevents WMSDs but also enhances
comfort and efficiency, reducing the risk of injury."
To effectively assess and address ergonomic risks, it is
essential to identify and prioritize high-risk factors in the
workplace.'" Various assessment tools have been developed
to assess ergonomic risks, each tailored to the nature of
work being performed. For instance, the Rapid Upper
Limb Assessment (RULA) is commonly employed for
manual tasks, while the Rapid Office Strain Assessment
(ROSA) is designed to identify ergonomic risks associated
with desktop computer use.'” In Thailand, ROSA is used
to evaluate ergonomic risks in office settings."” Previous
research has shown that hospital staff face ergonomic
risks related to computer use, with almost all participants
experiencing discomfort in at least one area due to poor
posture, particularly in the neck, lower back, and upper
back. The surveyed postures were found to pose medium to
high ergonomic risks, with administrative staff exhibiting
the highest frequency of risky postures. Although most
of these risks were linked to sitting, a significant portion
of computer-related postures were also found to be
non-ergonomic.”* However, studies using Thai ROSA
to assess ergonomics risks among healthcare workers
in Thai hospital settings remain scarce.
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Occupational therapists play a pivotal role in preventing
work-related injuries by applying ergonomics to support
workplace health through analyzing work, work activities
and styles, making environmental adjustments, and
conducting physical assessments."*'* The ROSA, an efficient,
evidence-based tool, offers a comprehensive evaluation of
both the individual and their work environment, making
it particularly suitable for bustling hospital settings in
Thailand where quick identification of musculoskeletal
disorders are essential. The ROSA outcomes provide
actionable insights, guiding interventions that reduce
strain and injury risk and align with the holistic approach
of occupational therapy. Therefore, ROSA stands out
as a practical tool for studying ergonomic risks among
healthcare workers. This research aimed to study ergonomic
risks among office workers using desktop computers
through Thai ROSA and to explore the relationship
between ergonomic risks and pain in these workers.

MATERIALS AND METHODS
Study design

A cross-sectional study was conducted to assess
ergonomic risk factors among office workers at the
Golden Jubilee Medical Center. This design allowed for
the simultaneous collection of data on ergonomic factors
and participants’ health status at a single time point."”
The study was carried out at the Golden Jubilee Medical
Center and involved various office spaces in the facility,
with participants recruited from different departments,
such as administrative offices, medical records, and other
divisions.

Participants

The study population consisted of office employees
at the Golden Jubilee Medical Center, Thailand, who use
desktop computers. As of October 2022, the center had 237
employees, according to the human resources division. The
sample size was determined based on a study by Krusun
and Chaiklieng (2017)"%, which evaluated ergonomic
risks among university office employees in northeastern
Thailand using the ROSA assessment. The study found
that 66.23% of office workers faced high ergonomic risk
from computer use, while 19.48% faced moderate risk.
Based on these findings, the researchers estimated that
60% of computer users would face high ergonomic risk.
With a 5% acceptable error level and a 95% confidence
level, the required sample size was estimated to be 147
participants using G-power calculations. The sample
group was divided into two departments, comprising 24
divisions, in line with the hospital’s structure. Proportional
stratified sampling was used to select representative office
employees from each division.

Inclusion Criteria

1. Full-time office employees of the Golden Jubilee
Medical Center with a minimum continuous
employment period of six months.

2.Regularly perform work-related tasks using a
desktop computer as their primary workstation.

3.Use a desktop computer for at least four hours
per workday on average during the past month.

Exclusion Criteria
1.Employees who use a desktop computer for less
than four hours per workday.
2.Individuals diagnosed with musculoskeletal
disorders due to congenital conditions, accidents,
or other non-work-related causes (verified by
medical records).
3.Individuals diagnosed with neurological disorders
due to congenital conditions, genetic disorder,
accidents, infections, or other non-work-related
causes (verified by medical records).
4.Individuals diagnosed with psychological disorders
includes those listed in DSM-5 and ICD-10, or
other non-work-related causes (verified by medical
records).
5.Employees undergoing treatment (e.g., physical
therapy) for musculoskeletal conditions during
the study period.
6.Employees with prior ergonomic interventions
or modifications at their workplace related to the
study objectives.
The study protocol was approved by the institutional
IRB (number: Si 298/2023). Informed consent was obtained
from all participants before data collection. Confidentiality
and anonymity were ensured throughout the study.

Measurements

Self-report questionnaire

This questionnaire was developed by researchers
and comprises two parts: (1) demographic information
and pain questionnaire (Numeric Rating Scale: NRS),
and (2) health behavior questionnaire. The NRS evaluates
pain on a scale from 0 to 10, where 0 indicates no pain
and 10 indicates the worst pain imaginable. For the
purposes of categorizing pain levels, scores <5 indicate
mild pain, scores of 6-7 represent moderate pain, and
scores 28 signify severe pain."’

ROSA Thai version"

The Thai version of the ROSA’s scoring is based
on evaluating three main sections, including the chair
(section A), screen and phone (section B), keyboard and
mouse (section C).” Risk factors were scored according
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to each subsection. Each subsection has a scoring chart,
and a corresponding value due to the combination of
partitions. Within section A, factors like armrests, back
support, and seat pan height/depth were calculated to
compose the horizontal and vertical axes of the chart,
respectively. Then, chart values for sections B and C
were combined into another chart, resulting in monitor
and peripheral scores. In the final chart, chair, screen,
and peripheral scores (A, B and C) are combined for
risk classification.” The final ROSA score ranged from
1 to 10, with a higher score indicating a greater risk of
musculoskeletal disorders. A score of five or more suggests
an immediate need for intervention.*”’ This assessment
is designed as an observation tool and further validated
for use as a self-assessment by office workers.”' The
ROSA Thai version used in this research was translated
according to international standards, had universal
agreement calculation method (S-CVI/UA) = 0.80, scale-
level content validity index (S-CVI/Ave) = 0.95 and
very high inter- and intra-rater reliability values, with
inter-rater ICC = 0.99 and intra-rater ICC = 0.91."

Data collection

After explaining the research objectives to the employees
and obtaining their written consent to participate in the
study, the self-report questionnaire, along with the Thai
version of ROSA, which included detailed instructions
for recording data and providing contact information for
the researcher, was distributed to participants for self-
completion. Additionally, trained assessors were available
to clarify questions and ensure proper understanding
of the instructions during data collection. This research
was performed in accordance with the ethical standards
of the Declaration of Helsinki.

Statistical analysis

Descriptive statistics were used to summarize
demographic characteristics, pain areas and levels,
health behaviors, and ergonomic risk levels. Bivariate
analyses, including Fisher’s exact test and Chi-squared
test, were conducted to examine the relationship between
ergonomic risk factors and pain among office workers
using desktop computers.

RESULTS
Demographic data

A total of 147 participants completed the questionnaire,
with the majority being female (n=112, 76.2%) and the
remainder male (n=35). The predominant age group was
31-41 years old (n=70), followed by participants aged

...................................... Original Article SM]

30 or younger (n=38). In terms of health conditions,
78.2% of participants reported having no medical issues
(n=115). Most participants had a normal body mass
index (BMI) according to the Asia-Pacific classification”,
with 68 individuals falling within the range of 18.5-
22.9. However, 38 participants had a BMI over 25.0,
indicating obesity. Regarding computer usage, over 80%
of participants spent 4-8 hours working on computers
(n=118), with 19.7% dedicating more than 9 hours to
computer-related activities (n=29). Additional details
can be found in Table 1.

Pain

The areas with the highest discomfort were the
neck, shoulder, and upper back 53.1% (n=78), followed
by the lower back 29.3% (n=43) and eyes 11.6% (n=17).
The average pain level was 6.37 + 1.68. Specifically, the
average pain level for the neck, shoulder, and upper back
was 5.72 + 2.15, while for the eye area, it was 4.88 £ 2.18
(Table 2). Notably, the lower back reported the highest
average pain level. Among participants reporting the
highest pain levels in the neck, shoulder, upper back,
and eye areas (a total of 138 cases), 97 cases (70.3%)
described pain as a slight obstacle to work, while in 23
cases (16.7%), it did not hinder work. Additionally, for
sleep, 80 cases (58.0%) reported pain as a slight obstacle
to sleeping, while in 36 cases (26.1%), it did not affect
sleep (Table 3).

Health behavior

Regarding health behaviors of the participants,
the majority performed muscle stretching during work,
accounting for 89 participants (60.5%). There were 76
participants (51.7) who exercised, with most exercising
1-2 days per week 52 participants (35.4%), followed
by those exercising 3-5 days per week, 20 participants
(13.6%). The most common type of exercise was running,
29 participants (19.7%), followed by playing sports, 20
participants (13.6%), as shown in Table 4.

Ergonomics risks

An assessment of the working conditions of office
employees at the Golden Jubilee Medical Center using
the Thai ROSA tool revealed that all employees fell into
the low-risk category. The computer screen presented
the highest risk factor, with an average score of 2.20
0.91, followed by mouse usage with an average score of
2.01 £ 1.02. Keyboard usage had a lower average risk
factor assessment score of 1.80 + 0.90, as indicated in
Table 5.
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TABLE 1. Demographic data (n=147).

General information n (%)
Sex
Male 35 (23.8)
Female 112 (76.2)
Age (years)
<30 38 (25.9)
31-41 70 (47.6)
41-50 35 (23.8)
> 50 4 (2.7)
Medical conditions
Do not have 115 (78.2)
Have 32 (21.8)
Body mass index (kg/m?)
Under-weight (<18.5) 9 (6.1)
Normal (18.5-22.9) 68 (46.3)
Over-weight (23.0-24.9) 32 (21.8)
Obese (>25.0) 38 (25.9)
Time spent working on the computer per day at work (hours)
4-8 118 (80.3)
29 29 (19.7)
Devices used on Social Media outside of work hours
Desktop computer (PC) 4(2.7)
Portable computer (Notebook / Laptop) 6 (4.1)
Smart phone (SmartPhone) 126 (85.7)
Tablet (Tablet/ iPad /Galaxy Tab) 11 (7.5)
Time spent on Social Media outside of work (hours)
<1 16 (10.9)
2-3 91 (61.9)
>4 40 (27.2)

TABLE 2. Information about pain (n=147).

Pain area n (%) Pain score ( Mean * SD. )
No pain 3(2.0) -
Eye 17 (11.6) 4.88+2.18
Neck, shoulders, upper back 78 (63.1) 572+215
Lower back 43 (29.3) 6.37 + 1.68
Elbow, wrist/hand 3(2.0) 2.33+1.76
Thigh, knee, ankle/foot 3(2.0) 3.11+£1.95
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TABLE 3. Information about pain and areas of pain (n=138).

Neck, shoulders, Lower back (n=43) Eye (n=17) Total (n=138)
upper back (n=78) n (%) n (%) n (%)
n (%)
Duration of pain (months)
<3 36 (46.2) 15 (34.9) 12 (70.6) 63 (45.7)
4-6 18(23.1) 12 (27.9) 4 (23.5) 34 (24.6)
7-9 7 (9.0) 4(9.3) 1(5.9) 12 (8.7)
10-12 2 (2.6) 24.7) 0 4(2.9)
212 15 (19.2) 10 (23.3) 0 25 (18.1)
Pain is a hindrance to work
Not at all 13 (16.7) 5(11.6) 5(29.4) 23 (16.7)
A little 51 (65.4) 35 (81.4) 11 (64.7) 97 (70.3)
A lot 14 (17.9) 3(7.0) 1(5.9) 18 (13.0)
Pain is an obstacle to sleeping
Not at all 19 (24.4) 11 (25.6) 6 (35.3) 36 (26.1)
A little 44 (56.4) 26 (60.5) 10 (58.8) 80 (58.0)
A lot 15 (19.2) 6 (14.0) 1(5.9) 22 (15.9)
The pain caused me to take time off from work
No 70 (89.7) 40 (93.0) 16 (94.1) 126 (91.3)
Yes 8 (10.3) 3(7.0) 1(5.9) 12 (8.7)

TABLE 4. Information about health behavior of the participant (n=147).

Health behavior n (%)

Muscle stretching during work (n=147)

No 58 (39.5)
Yes 89 (60.5)
Do you do any exercise (n=147)
No 71 (48.3)
Yes 76 (51.7)
How often do you exercise (days per week) (n=76)
1-2 52 (35.4)
3-5 20 (13.6)
>5 4.(2.7)
Type of exercise (n=76)
Aerobic exercise 5(3.4)
Running 29 (19.7)
Yoga 8 (5.4)
Weight training 7 (4.8)
Fitness 7 (4.8)
Playing Sports 20 (13.6)
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TABLE 5. Assessment of the working environment of office employees at the Golden Jubilee Medical Center By

Thai ROSA (n=147).

Working environment Risk factor assessment score Risk level
(Mean = SD.)
Chair height 1.48 £ 0.71 Low level of risk
Chair seat depth 1.51+0.64 Low level of risk
Armrest 1.44 £0.82 Low level of risk
Backrest 1.58 £ 0.71 Low level of risk
Computer monitor 220+ 091 Low level of risk
Telephone 1.22 +1.03 Low level of risk
Mouse 2.01+£1.02 Low level of risk
Keyboard 1.80 £ 0.90 Low level of risk

Relationships between ergonomic risks and pain
The analysis explored the connection between
maximal pain level of each participant and body posture
assessments in an office work setting. The Thai ROSA
assessment revealed no significant relationship between
ergonomic risks and reported pain levels. Out of 147
office employees at the Golden Jubilee Medical Center,
119 participants met the ergonomic low risk criteria
(Final score <5)"*, while 28 did not, as indicated in Table 6.

DISCUSSION

Musculoskeletal pain is highly prevalent among
office workers, yet the relationship between ergonomic
risks assessed by the Thai ROSA and self-reported pain
remains unclear. This study found that although ROSA
classified all participants as low-risk for ergonomic
issues, 29.3% reported low back pain, with the maximal
pain level score of 6.37 + 1.68, categorized as moderate

pain.” This discrepancy highlights the limitations of
static ergonomic assessments, which may not account
for dynamic interactions between workers and their
environments.”’ For instance, compensatory behaviors
such as slouching or leaning forward during prolonged
tasks are not captured by ROSA, despite their significant
role in contributing to musculoskeletal strain.”

Unlike previous studies that reported stronger
correlations between ergonomic risk scores and pain* *,
our findings suggest that these relationships may depend
on additional factors such as psychosocial stressors and
individual behaviors. Methodological differences, such
as broader inclusion of psychosocial dimensions in
other studies, may also account for this divergence.”**’
For example, high psychological stress or multitasking
demands, often unmeasured by static assessments, may
exacerbate pain perception, further complicating the
ergonomic risk-pain relationship.”

TABLE 6. Relationship between pain level and Rapid Office Strain Assessment (ROSA) final score.

Rapid Office Strain Assessment
(ROSA Final Score)

Low risk High risk
(n=119) (n=28) P - value
Maximal pain level of each participant 56123 53+20 0.512
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Additionally, this study observed a 19% ergonomic
non-compliance rate, despite low-risk ROSA scores.
This suggests that barriers such as limited ergonomic
training™’, lack of awareness**’, or organizational
constraints—like insufficient resources or time for
adjustments™”’
of effective ergonomic practices. Addressing these gaps
requires workplace interventions that prioritize regular
training, tailored workstation adjustments, and ongoing
ergonomic evaluations.

In this study, participants reported moderate
discomfort, predominantly in the neck, shoulders, upper
back, and lower back, with lower back pain being the
most intense. Despite this, most participants indicated
minimal interference with work and sleep, suggesting
a degree of adaptation or tolerance. Interestingly, the
areas most affected by pain align with the high levels of
smartphone usage reported, with 61.9% of participants
spending 2-3 hours daily on social media. This aligns
with prior research linking prolonged digital device use
to neck and upper back discomfort™’, emphasizing
the importance of ergonomic strategies for mitigating
screen-related strain.

While over half of the participants engaged in health-
promoting behaviors such as stretching or exercise, the
study did not explore the relationship between these
activities and pain levels. However, consistent with prior
research, such behaviors likely alleviate musculoskeletal

strain by improving flexibility, muscle strength, and
34,35

—continue to challenge the implementation

circulation.
on their frequency and consistency™, suggesting a need
for structured workplace programs that integrate regular
physical activity”, such as micro-breaks, guided exercises™,
or standing desks, to counteract prolonged static postures.”

This study also highlights the limitations of the Thai
ROSA as a self-assessment tool. Sonne”' demonstrated
discrepancies between worker-reported and observer-
reported ROSA scores, particularly for mouse and keyboard
assessments, with workers often underestimating risk
factors. Despite these limitations, self-assessment using
tools like ROSA shows promise in helping workers identify
and reduce risk factors for musculoskeletal discomfort

The effectiveness of these practices depends

over time.”' However, static tools like ROSA do not
account for dynamic workplace factors, such as posture
variability, fatigue, or individual differences like height or
pre-existing conditions. Future iterations of ergonomic
tools should address these gaps by incorporating real-time
posture tracking, psychosocial stress assessments, and
modules for contextual factors such as lighting, noise,
and workload demands.

...................................... Original Article SM]

Overall, this study underscores the complex interplay
between physical, behavioral, and psychosocial factors
contributing to workplace pain. Future research should
aim to refine ergonomic assessment tools, explore
alternative pain management strategies, and develop
holistic interventions that address both physical and
mental aspects of worker health.

CONCLUSION

Although this study did not establish a direct link
between ROSA-assessed ergonomic risks and pain, it
highlighted the widespread issue of pain among office
workers. The findings emphasize that pain is multifaceted,
extending beyond ergonomics. This calls for comprehensive
strategies to improve workplace ergonomics, promote
healthy behaviors like stretching and exercise, and address
both physical and mental factors contributing to pain.
A holistic approach to pain management is essential,
focusing on both physical comfort and mental well-being
to prevent work-related issues and safeguard workers’
health.
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ABSTRACT

Objective: This study aimed to compare the effectiveness of different eye pads in enhancing magnetic field homogeneity
using the Spectral Presaturation with Inversion Recovery (SPIR) technique.

Materials and Methods: A prospective study was approved by the Ethics Committee and involved thirty patients
undergoing orbital MRI with no current abnormalities. Patients were randomly assigned to one of three groups:
uncooked jasmine rice, polystyrene ball bullet foam, or sugar cane syrup. Each patient underwent imaging twice -
first without a pad and then with a pad on the eyelid. An experienced neuroradiologist, blinded to pad compositions,
evaluated the images quantitatively and qualitatively. Statistical analyses included the Kruskal-Wallis rank test for
signal-to-noise (SNR) and contrast-to-noise ratios (CNR), Dunn’s test for post-hoc comparisons, the Wilcoxon
signed-rank test for qualitative pre- and post-pad differences, and Fisher’s exact test for group differences, with
significance set at P < 0.05.

Results: The uncooked jasmine rice group showed higher SNR and CNR, particularly in the medial rectus muscle
(MRM). Significant improvements in the visual scale were noted for the optic nerve sheath complex (P = 0.002),
MRM (P = 0.005), motion artifact (P = 0.034), and susceptibility artifact (P = 0.030) in both the uncooked jasmine
rice and sugar cane syrup groups. Notably, none of the participants in the rice group exhibited a degraded visual
scale for MRM or increased susceptibility artifact after pad placement.

Conclusion: This study highlights the effectiveness of uncooked jasmine rice and sugar cane syrup as materials for

enhancing orbital MRI quality, especially in earlier scanner models.

Keywords: Fat suppression; Orbit; MRI; Saturation pad; SPIR (Siriraj Med ] 2025; 77: 456-465)

INTRODUCTION

Magnetic resonance imaging (MRI) stands out as
the preferred modality, offering heightened sensitivity
compared to alternative imaging techniques for evaluating
the orbit, especially the retrobulbar visual pathway.’
The coronal plane is favored as it effectively illustrates
anatomical relationships.”’ The fat-suppressed sequence
becomes an essential and excellent technique for detecting
orbital pathology, further distinguishing fat-containing
masses from others and leading to a more accurate
diagnosis.”*’

Currently, there are various techniques for suppressing
retrobulbar fat, unique with its own advantages and
disadvantages. The Dixon technique is an MRI sequence
based on chemical shift, which is designed for uniform
fat suppression. It has been growing in popularity due
to its advantages over other methods. However, older-
generation MRI Scanners still have some limitations. The
most effective fat suppression technique for these earlier
scanners is Spectral Presaturation with Inversion Recovery
(SPIR). SPIR is a hybrid technique that combines both
fat saturation and inversion recovery methods. It utilizes
a fat-selective radiofrequency pulse and spoiler gradient
like chemical shift selective saturation (CHESS), while
also nullifying residual longitudinal fat magnetization
through an inversion delay mechanism similar to short
tau inversion recovery (STIR). However, SPIR still faces
challenges due to magnetic field inhomogeneity, particularly

at tissue interfaces. Incomplete fat suppression and
darkening in the images due to signal degradation are
still common in orbital MRI, especially adjacent paranasal
sinuses (air-tissue) and the skull base (bone-tissue).
These artifacts adversely affect the image quality and
interpretation, posing a challenge, especially in earlier
scanners in our department.

Previous studies explored various materials for
saturation bags, such as sponge pillows, uncooked rice,
acrylic and glass beads, flour, bath salts, perfluorocarbon
liquids, and polystyrene and polypropylene beads, to
reduce inhomogeneity in MRI scans.® " Findings from
these studies indicated that material such as glass beads,
bath salts, polystyrene, rice, and flour were effective in
enhancing image quality by minimizing susceptibility
artifacts. Notably, while these materials have shown promise,
they did not uniformly address the specific challenges
associated with orbital imaging, particularly concerning
artifacts from adjacent tissues like the paranasal sinuses
and skull base. Existing solutions often face limitations in
terms of cost, availability, and effectiveness in the orbital
region, creating a significant gap in the current literature.
In this context, we propose sugar cane syrup as a novel
and cost-effective alternative to perfluorocarbon liquid
pads for enhancing orbital MRI quality. Our hypothesis
is that sugar cane syrup, with its unique rheological and
magnetic properties, can provide improved magnetic
field homogeneity, thereby enhancing image quality in
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the orbital region. This study aims not only to evaluate
the effectiveness of sugar cane syrup but also to provide a
critical comparison of its performance against established
materials, leading to a more comprehensive understanding
of potential solutions for optimizing orbital MRI.

The aim of our study was to assess the most effective
eye pad for enhancing magnetic field homogeneity within
the context of the SPIR technique, specifically focusing
on the evaluation of orbital anatomy in the coronal plane.
We examined three materials—uncooked jasmine rice,
polystyrene ball bullet foam, and sugar cane syrup—
selected for their convenience, affordability, and the
inconclusive results from previous research. Each material
exhibits distinct diamagnetic properties, which may lead
to varying degrees of improvement in image quality.

MATERIALS AND METHODS
Patient Population

This descriptive prospective study was approved by
the IRB No.P3-0015/2564. Thirty patients who underwent
orbital MRI at our department between June 7, 2021 and
June 10, 2023 and had no current orbital abnormality
were recruited. All patients gave informed consent prior
to participation in this study. Using a simple random
sampling technique (lottery method), the patients were
categorized into three groups: uncooked jasmine rice
group, polystyrene ball bullet foam group, and sugar
cane syrup group.

Image acquisition

All patients were scanned on a 1.5 Tesla MRI scanner
(Philips Ingenia, Philips Medical Systems, Best, the
Netherlands), release 4.1.3.3 software version (installed
August 2014) using a conventional head array coil. A
coronal spin-echo T2-weighted (T2W) sequence was
acquired with the following parameters: TR = 3000 msec,
TE =70 msec, FOV 130x149 mm, 3 mm slice thickness,
number of signal acquisitions = 2, 216x210 matrix size,
and shim mode = auto shimming. The shim values were
automatically selected based on the MRI scanner’s shimming
algorithm within the imaging FOV. For each patient, a
T2W coronal image with fat suppression technique was
acquired twice: 1) with nothing on the eyelids, and 2)
with a pad placed on the closed eyelid (Fig 1). The SPIR
technique was used to suppress fat signals in orbital MRI.

Pad design

This study utilized uncooked jasmine rice, polystyrene
ball bullet foam, and sugar cane syrup, which were utilized
to enhance the magnetic field. The bags, constructed from
latex material, were safe (i.e., nontoxic and nonirritating),

and posed no adverse effects within the magnetic field.
Fig 2 illustrates a small, round latex rubber balloon
(4 inches in diameter) filled with these materials. The
jasmine rice bag, which weighed 65.05 g, contained long-
grain, opaque white grains. The polystyrene ball bullet
foam was spherical and measured 2 mm in diameter, with
the foam bag weighing 3.72 g. The sugar cane syrup bag
weighed 58.08 g, prepared at a concentration of 77 Brix
solution. At 20°C, 1 Brix is equivalent to 1 g of sugar in
100 g of water and sugar solution. This solution contains
1.08 kg of sugar per one liter of water and the cane
syrup will had a density value of 1.39 g/L. All pads were
standardized to have a uniform size and shape, regardless
of fill material. A visual inspection was conducted before
usage to identify potential issues such as leaks, damage,
or other defects.

Fig 1. The figure illustrates the placement of the saturation pad on
the patient's eye in relation to the conventional head array coil.

Background

Fig 2. Quantitative assessment of normal intraorbital anatomy was
conducted by drawing a red circle respecting anatomical borders,
covering approximately 0.1 cm?. This method included labeling the
medial rectus (MR), lateral rectus (LR), and intraconal fat, and
background area.
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Image evaluation

All included patients, both with and without placed
saturation pads, were reviewed by a neuroradiologist
with 5 years of experience who was blinded to the
material composition of the pads. Both qualitative and
quantitative assessments of normal intraorbital anatomy
were performed before and after pad placement.

The signal intensity (SI) of anatomy was measured
using a circular region of interest (ROI) for quantitative
assessment. The size of the ROI area was standardized
in the coronal plane, and precisely drawn to be 0.1 cm?
with respect to anatomical borders, at the medial rectus
muscle (MRM), lateral rectus muscle (LR), inferolateral
extraconal fat, and background (Fig 3). The signal-to-
noise ratio (SNR) was measured by calculating the mean
SI within a region of interest (MRM, LR, and fat) and
dividing it by the standard deviation of the noise in a
background area (the air) where no signal is present.
Contrast-to-noise ratio (CNR) was measured by calculating
the mean SI of two different ROIs (MRM/fat and LR/
fat) within the image and dividing them by the standard
deviation in a background area (the air).

artifacts. Additionally, the optic nerve (ON, open arrow) in image
This assessment is based on the criteria outlined in the study.

...................................... Original Article SM]

For qualitative assessment, a five-point numeric
scale was used to evaluate the visibility of structures:
1, non-visualization; 3, indeterminate; and 5, definite
visualization.'® Both normal orbital anatomy and
pericavernous structures were evaluated, including optic
nerve sheath complex (ON), superior ophthalmic vein
(SOV), MRM, LR, inferior rectus muscle (IR), dural
reflection, Meckel’s cave, pituitary gland, and temporal
lobe. Magnetic susceptibility due to the paranasal sinuses
and mastoid air cells, motion artifact due to head and
globes movement were also rated on a five-point scale: 1,
indicates blurring of surrounding structures due to artifact;
3, artifact is present, but structures are distinguishable; and
5, no artifact.'® The visual assessment scale is illustrated
in Fig 4.

Statistical analysis

All statistical analyses were performed using Stata
version 17.0. Demographic numerical data were displayed
as the mean and SD, whereas categorical data were
represented by frequencies and percentages. To compare
the three different pad groups, we used analysis of variance

Fig 3. The pads were created by filling small latex bags
with various materials: polystyrene ball bullet foam
(left), uncooked jasmine rice (middle), and sugar cane
syrup (right). The images show the materials before
filling the pads (top row) and the completed pads
(bottom row).

«_ »

Fig 4. Coronal T2W images of the orbit illustrate the visual assessment scale ranging from 1 to 5 (a-d). In image “a,” the medial rectus
muscle (MRM, arrow) is rated as 1, indicating it is non-visualized, totally obscured by artifact. In image “b,” it is rated as 2, with the margins

of the MRM not clearly demarcated. In image “c,” the MRM shows a rating of 3, displaying visible artifacts but distinguishable structures;
however, signal intensity cannot be assessed. In image “d,” the rating is 4, indicating that signal intensity can be assessed despite minimal

¢” is rated as 5, indicating exceptional clarity and absence of artifacts.
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and the Fisher's exact test. For quantitative assessment,
the Kruskal-Wallis rank test and a post-hoc test were
used, and the results were presented as medians and
interquartile range (IQR). The significance level was
set at less than 0.05. For the qualitative analysis, we
calculated the differences in scale between before and after
pad placement for each patient, orbit, and anatomical
structure. The ordinal data were presented as frequencies
and proportions. Fisher’s exact test was used to test for
significant differences among the groups of three material
pads. A p-value of 0.05 or less is considered statistically
significant.

RESULTS

The mean ages of patients in each group were as
follows: 52.50+16.08 for the uncooked jasmine rice group,
45.20+14.76 for the polystyrene ball bullet foam group,
and 58.40+17.49 for the sugar cane syrup group. In the
uncooked jasmine rice group, there was an equal number
of male and female patients, with 5 individuals in each
category. The polystyrene ball bullet foam group had 7
males and 3 females. The sugar cane syrup group had
4 males and 6 females. Table 1 shows that there are no

significant differences in patient characteristics among
the groups.

Orbital anatomy

The uncooked jasmine rice group exhibited notably
higher SNR and CNR, particularly in the MRM, when
compared to the other two groups (Table 2). However,
there was no significant difference observed in the MRM
and LR for quantitative assessment, as determined by
the Kruskal-Wallis rank test and a post-hoc test.

Visual scale improvements were evident in both
the uncooked jasmine rice and sugar cane syrup groups
(Fig 5). In particular, the uncooked jasmine rice group
demonstrated a significant increase in visibility of the
ON at 95% (P = 0.002), motion artifact at 55% (P =
0.034), and susceptibility artifact at 95% (P = 0.030).
Meanwhile, the sugar cane syrup group displayed a
remarkably enhanced visibility of the MRM at 95% (P =
0.005). Although the remaining orbital structures (SOV,
LR, and IR) showed trends toward improved visibility
in the sugar cane syrup group, no statistically significant
difference was observed. The results are presented in
Table 3.

TABLE 1. Demographic data.

Variable Uncooked Jasmine Rice Polystyrene Ball Bullet Sugar Cane Syrup P-value
Age (year), meantSD 52.50+16.08 45.20+14.76 58.40+17.49 0.206
Sex, N (%) 0.534
Female 5 (50.0) 7 (70.0) 4 (40.0)
Male 5 (50.0) 3 (30.0) 6 (60.0)
TABLE 2. Quantitative assessment of orbital structures.
Quantitative assessment Uncooked Polystyrene Ball Sugar Cane Syrup P-value
Median (IQR) Jasmine Rice Bullet
SNR Medial rectus muscle 4.85 (0.45-14.45) 2.75 (0.20-6.95) 3.40 (2.95-8.55) 0.402
SNR Lateral rectus muscle 2.75 (2.25-10.40) 2.70 (2.30-6.10) 1.60 (0.39-4.60) 0.384
SNR Inferior extraconal fat 0.55 (0.25-5.15) 1.55 (0.55-2.40) 0.05 (0.00-3.45) 0.428
CNR Medial rectus muscle 0.30 (0.05-0.65) 0.20 (0.00-0.70) 0.15 (0.03-0.35) 0.409
CNR Lateral rectus muscle 0.15 (0.00-0.8) 0.00 (0.00-0.55) 0.15 (0.08-0.15) 0.255

460 Volume 77, No.6: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Original Article SM]

Fig 5. Coronal T2W images demonstrate the improvement in visibility of the medial rectus muscle (MRM, arrow) and optic nerve (ON,
open arrow) before and after pad placement, as assessed by a quantitative scale. In the sugar cane syrup group (a, b), MRM visibility increases
from 3 to 5. In the uncooked jasmine rice group (¢, d), MRM visibility increases from 1 to 4, while ON visibility improves from 3 to 5. These
results highlight the effectiveness of the two pad materials in enhancing image quality.

TABLE 3. Visual assessment of orbital structures.

Orbital structures Uncooked Polystyrene Ball Sugar Cane P-value
N (%) Jasmine Rice Bullet Syrup
Optic nerve-optic sheath complex
Improvement 19 (95.0) 9 (45.0) 14 (70.0) 0.002*
No change 0 (0) 3(15.0) 2(10.0) 0.353
Degradation 1(5.0) 8 (40.0) 4 (20.0) 0.024*
Superior ophthalmic vein
Improvement 11 (55.0) 8 (40.0) 12 (60.0) 0.521
No change 4 (20.0) 4 (20.0) 2 (10.0) 0.749
Degradation 5(25.0) 8 (40.0) 6 (30.0) 0.692
Extraocular muscles
Medial rectus muscle
Improvement 18 (90.0) 10 (50.0) 19 (95.0) 0.005*
No change 2(10.0) 4 (20.0) 0 (0) 0.150
Degradation 0 (0) 6 (30.0) 1(5.0) 0.013*
Lateral rectus muscle
Improvement 14 (70.0) 9 (45.0) 15 (75.0) 0.126
No change 4 (20.0) 6 (30.0) 2(10.0) 0.346
Degradation 2(10.0) 5(25.0) 3(15.0) 0.572
Inferior rectus muscle
Improvement 16 (80.0) 14 (70.0) 18 (90.0) 0.346
No change 3(15.0) 1(5.0) 0 (0) 0.310
Degradation 1(5.0) 5(25.0) 2 (10.0) 0.246
Motion artifact
Improvement 11 (55.0) 3(15.0) 6 (30.0) 0.034*
No change 7 (35.0) 5(25.0) 8 (40.0) 0.698
Degradation 2(10.0) 12 (60.0) 6 (30.0) 0.004*
Susceptibility artifact
Improvement 19 (95.0) 12 (60.0) 16 (80.0) 0.030*
No change 1(5.0) 4 (20.0) 3(15.0) 0.505
Degradation 0 (0) 4 (20.0) 1(5.0) 0.115
*Statistically significant
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Furthermore, our study identified a degraded visual
scale for all orbital structures in the polystyrene ball
bullet foam group. Specifically, the visual scale of the ON,
MRM, and motion artifact was significantly degraded. In
the uncooked jasmine rice group, no participant showed
a degraded visual scale of the MRM and susceptibility
artifact after pad placement.

Pericavernous structures

There was no statistically significant difference
observed for pericavernous structures among all three
groups. Table 4 illustrates the percentage distribution
of each structure across the groups.

DISCUSSION

The importance of fat suppression techniques in
enhancing the visibility of orbital pathology is undeniable.
SPIR is commonly utilized in Philips scanners as the default
method due to its use of RF pulses and inversion recovery
to suppress fat signals while maintaining signals from
other tissues. However, the effectiveness of fat suppression
remains dependent on the uniformity of both the main
magnetic field (BO) and the radiofrequency magnetic
field (B1) due to the combined CHESS technique. The
persistent issue of orbital MRI is the inhomogeneity
caused by tissue interfaces, which can limit diagnostic
accuracy. Using material pads is a valuable method to

TABLE 4. Visual assessment of pericavernous structures.

Pericavernous structures Uncooked

N (%)

Dural reflection

Improvement 20 (100.0)
No change 0 (0)
Degradation 0 (0)
Meckel’s cave

Improvement 13 (65.0)
No change 6 (30.0)
Degradation 1(5.0)
Pituitary gland

Improvement 19 (95.0)
No change 0 (0)
Degradation 1(5.0)
Motion artifact

Improvement 18 (90.0)
No change 2 (10.0)
Degradation 0 (0)
Susceptibility artifact

Improvement 8 (40.0)
No change 11 (55.0)
Degradation 1(5.0)
Temporal lobe

Improvement 18 (90.0)
No change 2 (10.0)
Degradation 0 (0)

Jasmine Rice

Polystyrene Ball Sugar Cane
P-value

Bullet Syrup

18 (90.0) 18 (90.0) 0.532
1(5.0) 0 (0) 1.000
1(5.0) 2(10.0) 0.766
12 (60.0) 15 (75.0) 0.698
6 (30.0) 5(25.0) 1.000
2(10.0) 0 (0) 0.766
20 (100.0) 20 (100) 1.000
0(0) 0 (0) 1.000
0(0) 0 (0) 1.000
16 (80.0) 16 (80.0) 0.749
0(0) 1(5.0) 0.766
4 (20.0) 3 (15.0) 0.144
5(25.0) 11 (55.0) 0.174
15 (75.0) 9 (45.0) 0.188
0(0) 0(0) 1.000
12 (60.0) 16 (80.0) 0.099
8 (40.0) 2 (10.0) 0.370
0 (0) 2(10.0) 0.322
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address this issue and enhance image quality, especially
when dealing with limited scanners.”'"'*'>"

In our study, we enrolled 30 patients who underwent
MRI and had no orbital abnormality. We found that
the uncooked jasmine rice was more effective than
other materials for improving image quality, which
is supported by prior research.®'"* This improvement
was particularly notable in the ON, with a significant
reduction in both motion and susceptibility artifacts.
However, these findings contrast with the study by
Teshigawara et al. that explored five pad materials for
fat suppression in a breast-simulated phantom using a
3D T1W sequence.” Their result did not identify rice as
the optimal pad material. The discrepancies between
our results and theirs may arise from the differences
in imaging sequences and the use of phantom studies.
Additionally, the aspect of material discomfort in their
study may have influenced the different outcomes.

The improvement of MRM visualization, which was
often obscured by susceptibility artifact from the nearby
paranasal sinuses, revealed a significant difference among
the three groups. The results showed a 95% improvement
in the sugar cane syrup group and a 90% improvement
in the uncooked jasmine rice group. However, the trend
was reversed for susceptibility artifact improvement,
which could be explained by the susceptibility values of
materials. In addition, all three materials have diamagnetic
properties. Their magnetic susceptibility values are small
and slightly negative, within the range of 10° to 107.
Uncooked rice has an estimated magnetic susceptibility
of -8.2x107 emu (with 1 emu equal to 1 cm’), while
polystyrene has a susceptibility of -7.5x107¢ emu.®'* The
susceptibility value of rice is similar to that of human
tissue (-11x10°¢ to -7x10° emu)."” It is possible that
diamagnetic susceptibility interactions can result in
minimal variations in the precession frequency of protons,
leading to intravoxel inhomogeneity and chemical shift
variation. The effect of susceptibility differences becomes
apparent in the behavior of diamagnetic substances when
placed in a magnetic field. However, further studies are
necessary to better clarify the susceptibility-induced
artifacts of diamagnetic substances.

Furthermore, our study also found a significantly
degraded visual scale of the ON and MRM in the group of
polystyrene ball bullet foam because of increased motion
artifacts. This suggests that polystyrene ball bullet foam
may not be a suitable material, as it resulted in degraded
visibility of all intraorbital structures. This could result from
the lightweight nature of the polystyrene ball bullet pad,
and it potentially has less surface contact with the eyelid
compared to the others, further causing field inhomogeneity

10,12
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and motion, affecting the image quality. In contrast, the
study by Ikeguchi et al. evaluated fat suppression in six
healthy volunteers who performed MRI of the head and
neck.” Their findings indicated that the improvement
of fat suppression using the STIR technique was similar
among all three pads (commercial pad, uncooked rice,
and polystyrene ball bullet). However, inconsistency
may be attributed to variations in anatomical location,
differences in the criteria for the visual assessment scale
(using 4-point scales), and the smaller sample sizes in
their studies. Despite these promising results, several
questions remain unanswered. Future research should
focus on refining these techniques to enhance diagnostic
accuracy and image quality, particularly in the context
of pathological cases where precise imaging is crucial.
Modern MRI scanners, equipped with advanced hardware
and software, offer opportunities to address challenges
such as subtle lesion detection, artifact minimization,
and tissue differentiation.

Limitations

This study had several limitations. First, we focused
on a single sequence (T2W) and a single imaging plane
(coronal) using a 1.5 T magnet. The degree of artifacts
may vary based on the technique used, but we respectfully
acknowledge that our protocol and setup represent
common practices observed in many hospitals using Philips
scanners. Second, we used a qualitative assessment using a
5-point scale, ranging from 1 (blurry due to artifacts) to 5
(completely clear with no artifact), which could introduce
some subjectivity. However, we believe this visual scale
allowed us to capture degrees of uncertainty better than
previous studies. Third, the window levels and widths
of the images were not set consistently’’, which could
potentially impact interpretation. Fourth, the potential
influence of inflammatory mucosal changes in the paranasal
sinuses, particularly in the ethmoid and maxillary sinuses,
on the magnetic field homogeneity was not accounted
for in our study. Fifth, as only one radiologist reviewed
the images, the generalizability of our findings might be
limited. Involving multiple radiologists could provide
a diverse perspective and enhance the reliability of the
results. Sixth, the radiologist was unblinded in the group
of sugar cane syrup because the images of the anterior
globe and eyelids were not obscured, which introduced
bias into the assessment. Seventh, while saturation pads
may not be considered cutting-edge technology and
are less commonly utilized in modern scanners with
advanced fat suppression techniques such as the Dixon
technique, their value remains significant for enhancing
image quality in older MRI scanners limited to basic fat
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suppression methods like STIR or SPIR. Finally, it is
important to note that we only evaluated patients with
presumed normal orbital structures. We hope this result
serves as a useful baseline for future research on patients
with orbital pathologies. To address the subjective nature
of the visual assessment, we suggest developing validation
methods in future studies to improve reliability and
usefulness.

CONCLUSION

This study highlights the utility of uncooked
jasmine rice and sugar cane syrup as effective pads for
improving image quality in orbital MRI. These findings
provide a practical and affordable solution for addressing
inhomogeneity, particularly in scanners with technical
limitations.
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