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INTRODUCTION

ABSTRACT

OBJECTIVE This study aims to compare blood and urinary cannabis
profiles between road traffic injury (RTI) and other unnatural causes of
death in the Thai population.

METHODS A cross-sectional study was conducted of Thai postmortem
cases where the individual who died was 15 years old or over. Sex, age,
cause of death, manner of death, blood alcohol concentration (BAC), and
concomitant drugs found were documented for each case. Blood and uri-
nary concentrations of delta9-tetrahydrocannabinol (THC) and its two
metabolites, 11-hydroxy-delta9-tetrahydrocannabinol (11-OH-THC) and
11-nor-9-carboxy-delta9-tetrahydrocannabinol (THC-COOH), were ana-
lyzed using gas chromatography tandem mass spectrometry (GC-MS/
MS). Statistical analysis was performed using the Mann-Whitney U test
and Kruskal-Wallis H test.

RESULTS A total of 80 subjects were included in this study, comprising
43 RTI and 37 non-RTI subjects. All the RTI cases were motorcycle riders.
Blood concentrations of THC, 11-OH-THC, and THC-COOH in the RTI
group were significantly higher than those in the non-RTI group (p < 0.01).
The number of subjects who had recent cannabis exposure in the RTI
group was significantly higher than in the non-RTI group (p< 0.05). Fur-
thermore, the blood concentrations of THC, 11-OH-THC, and THC-COOH
in subjects who used cannabis without other drugs of abuse or medica-
tions were significantly higher than those in subjects who used cannabis
with other drugs of abuse or other medications (p < 0.05).

CONCLUSIONS Blood THC, 11-OH-THC, and THC-COOH concentra-
tions in RTI cases were significantly higher than in cases with other un-
natural causes of death.

KEYWORDS cannabis, road traffic injury (RTI), motorcycle rider, Thai

(1). In 2019 the Thai government initiated a public
policy to authorize cannabis use for medical pur-

Cannabis is one of the most common drugs
of abuse used by adolescents and adults world-
wide. According to figures from the United States
(US), an estimated 48 million people 12 years old
or over had experience of cannabis use in 2019

poses and has allowed cannabis use at home as
well as cannabis home cultivation since 2022
(2). A previous study in Thailand suggested that
the prevalence of lifetime cannabis use in Thai
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people in 2011 was 5.05%, while the prevalence
of cannabis use in the previous year was 0.20%
(3). Subsequently, following amendments to gov-
ernment policy related to cannabis, the number
of users has risen, with a recent study reporting
that approximately 15.00% of Thai people had used
cannabis (around 7.5 million people 20 years old
or over) (4). In addition, a 2024 study focusing on
chronic pain patients found that the prevalence of
active cannabis use was 15.00% in chronic cancer
pain cases and 3.10% in non-cancer pain cases (5).
Moreover, the prevalence of cannabis use in Thai
people who were 18-65 years old has also in-
creased, from about 4.00% in 2021 to about 25.00%
in 2022 (2). These figures suggest that the current
trend of cannabis use in Thailand is increasing.

Cannabis contains an important psychoactive
substance called delta9-tetrahydrocannabinol
(THC). When THC enters the bloodstream, it is
metabolized into two main metabolites: 11-hy-
droxy-delta9-tetrahydrocannabinol (11-OH-THC)
and  11-Nor-9-carboxy-delta9-tetrahydrocan-
nabinol (THC-COOH) (6). The presence of blood
THC concentrations greater than 2-3 ng/mL and
a ratio of THC-COOH/THC > 1 suggests recent
cannabis exposure (within the past 6-8 hours) (6).
Additionally, it has been suggested that chronic
cannabis users could have residual blood THC
concentrations of <2 ng/mL at 12 hours after
cannabis use (6). The presence of THC and/or
11-OH-THC in blood and/or urine could also be
used as a marker of recent cannabis use (6). Thus,
the concentrations of THC, 11-OH-THC, and
THC-COOH in blood and urine are important for
estimating the time of cannabis exposure, where
confirmation of such exposure could be used for
implying clinical impairment.

According to legislation in the US, Canada, and
the United Kingdom (UK), THC concentrations of
2 to 5 ng/mL are used to indicate driving under
the influence of cannabis (7). A previous study
found that the mean and median whole blood
THC concentrations in all drivers arrested for
driving under the influence of drugs (DUID) were
4.9 and 3 ng/mlL, respectively, while the mean
and median whole blood THC concentrations in
all drivers who died while driving with cannabis in
their postmortem blood were 11.7 and 4.5 ng/mL,
respectively (8). That study suggested that most
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DUID cases were recent cannabis users, and re-
ported that the whole blood THC concentrations
in postmortem cases were higher than those
in drivers arrested for DUID (8). Another study
found that the majority of motorists tested who
were suspected of DUID had whole blood THC
concentrations between 1-6 ng/mL. This finding
also suggests that most of the drivers had recent-
ly used cannabis (9).

Currently, there is still a lack of information
about the cannabis concentration profiles in Thai
people. Consequently, the present study aimed
to investigate the concentration profiles of THC,
11-OH-THC, and THC-COOH in blood and urine
samples obtained from road traffic injury (RTI)
cases, focusing on motorcycle riders, who com-
prise the majority of RTI cases in Thailand, and
comparing that with samples obtained from Thai
people who had other unnatural causes of death.
This information was collected to elucidate the
levels of cannabis exposure in these two groups.
It is expected that the study findings and data will
be useful for further research on cannabis expo-
sure in the Thai population.

METHODS
Study design and data collection

A cross-sectional study was conducted of
medico-legal cases sent for autopsy at the Depart-
ment of Forensic Medicine, Siriraj Hospital, Mahidol
University. Thai postmortem cases that were at
least 15 years old at the time of death and which
had been sent for autopsy between May 1, and
October 31, 2024, were recruited. Individuals
who were dead at the scene and who had un-
dergone the autopsy procedure within 24 hours
after death were included. All cases that were
positive for THC and/or its two metabolites in
either blood or urine were included. The exclusion
criteria were decomposed bodies and bodies
with extensive injuries, such as injuries from
being run over by a motor vehicle. All cases that
were suspected of being cannabis-related sudden
cardiac death or cannabis intoxication were ex-
cluded.

This study was approved by the Siriraj In-
stitutional Review Board, Faculty of Medicine,
Siriraj Hospital, Mahidol University (COA No. Si
937,/2023, SIRB protocol No. 910 /2566 (IRB2)).
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Chemicals and reagents

THC, 11-OH-THC, and THC-COOH at a con-
centration of 1 mg/mL were purchased from
LGC (LGC Standards, Teddington, England) and
THC-COOH-d3 at a concentration of 100 pg/mL
was also sourced from LGC. LC-MS-grade meth-
anol, acetonitrile, ethyl acetate, and n-hexane
were acquired from Duksan Pure Chemicals Co.,
Ltd. (Gyeonggi-do, South Korea.) Acetic acid was
purchased from vWR, Radnor, PA, USA. N, O-bis
(trimethylsilyl) trifluoroacetamide (BSTFA) con-
taining 1% trimethylchlorosilane (TMCS) was ob-
tained from Sigma-Aldrich (St. Louis, MO, USA).
Solid phase extraction (SPE) Oasis® MAX car-
tridges (60 mg, 3 mL) were obtained from Waters
(Waters Oasis, Wexford, Ireland). All other chemi-
cals and reagents were provided by U&V Holding
(Thailand) Co., Ltd., Nonthaburi, Thailand. The
deionized water (dH,O) used in this study was
produced using a Merck Millipore Direct-Q® 3
UV-R Water Purification System (Burlington, MA,
USA).

Instrumentation

Gas chromatography-triple quadrupole tan-
dem mass spectrometry (GC-MS/MS) was per-
formed using a Thermo Scientific™ TSQ™ 9000
Triple Quadrupole GC-MS /MS system (Waltham,
MA, USA), with the GC utilizing an HP5-MS (30 m
x 0.25 mm ID coated with a 0.25 um film) capillary
column. The GC conditions were set according to
the temperature program. The initial tempera-
ture was 150°C, for 3 minutes, then the temper-
ature was elevated to 220°C at a rate of 40°C/
minute, followed by an increase to 300°C at arate
of 7°C /minute and then holding there for 5 min-
utes. Helium was used as the carrier gas at a flow
rate of 1.3 mL/minute. The injector and transfer
line temperatures were set at 150°C and 250°C,
respectively. The mass analyzer was operated in
the electron ionization mode at 70 eV and the ion

source temperature was programmed at 230°C.
The selected reaction monitoring (SRM) mode
was applied, as described in Table 1.

Sample preparation and extraction procedure

Blood samples were collected from the femo-
ral vein, while urine samples were aspirated from
the urinary bladder during the autopsy for col-
lection. Then, 10 mL of blood was put into a red-
capped blood tube while 30 mL of urine was put
into a plastic bottle. All the blood and urine sam-
ples were stored at 4°C in the laboratory and then
analyzed for THC and its metabolites the next day
by GC-MS/MS.

Solid phase extraction (SPE) was achieved
using Waters Oasis® MAX cartridges (60 mg, 3
mL) (Waters Oasis, Wexford, Ireland). The SPE
cartridges were preconditioned with methanol
and dH,O. Then, the prepared samples was loaded
into the cartridges. Next, a washing step was
performed with 2 mL of 50% methanol followed
by 2 mL of n-hexane. After drying the SPE car-
tridges for 5 minutes, the target analytes were
eluted using 2 mL of an elution solvent mixture
(49% n-hexane: 49% ethyl acetate: 2% acetic
acid). Then the eluent was dried under a nitrogen
stream at 40°C. Next, the derivatization process
was performed by adding 50 pL of BSTFA con-
taining 1% TMCS into the residue. The incubation
process was performed at 70°C for 40 minutes,
then the cartridges were left to cool at room tem-
perature at the end of the process of derivatiza-
tion. Finally, the derivatized product was injected
into a GC-MS/MS system for analysis.

Method validation

Method validation was conducted following
the Standard Guidelines in Forensic Toxicology
(10). The expired whole blood used in the method
validation for blood was obtained from the Depart-
ment of Transfusion Medicine, Siriraj Hospital,

Table 1. Selected reaction monitoring (SRM) mode for THC and its metabolites

Analytes Quantifier ion Qualifierion1 Qualifier ion 2 Collision l?etentl.on
energy (eV) time (min)
THC 371.2 > 289.2 371.2 > 305.2 371.2 > 265.2 15>10>10 10.04
11-OH-THC 371.2 > 289.2 371.2 > 305.2 371.2 > 265.2 15>10>10 12.20
THC-COOH 371.2>289.2 371.2 > 305.2 371.2 > 265.2 15>10>10 13.62
THC-COOH-d, 374.3 >292.2 374.3 > 308.2 374.3 > 268.2 15>10>10 13.60

THC, delta9-tetrahydrocannabinol; 11-OH-THC, 11-hydroxy-delta9-tetrahydrocannabinol; THC-
COOH, 11-Nor-9-carboxy-delta9-tetrahydrocannabinol
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Mahidol University, while synthetic urine was
used for the method validation for urine. A com-
plete chromatographic separation of THC and its
metabolites from the endogenous baseline noise
was carried out during the interference stud-
ies. In addition, other drugs of abuse, including
methamphetamine, amphetamine, 3,4-methyl-
enedioxy methamphetamine (MDMA), 3,4-meth-
ylenedioxy amphetamine (MDA), cocaine, benzo-
ylecgonine, 6-acetylmorphine, codeine, morphine,
fentanyl, methadone, tramadol, ketamine, mitra-
gynine, lysergic acid diethylamide (LSD), phen-
cyclidine (PCP), and psilocybin were tested to
ascertain whether they would interfere with the
target analysis during the THC analysis. The limit
of detection (LOD) and lower limit of quantitation
(LLOQ) were evaluated for THC, 11-OH-THC, and
THC-COOH in both the blood and urine samples.
Finally, the LOD and LLOQ for combined THC,
11-OH-THC, and THC-COOH were set at 0.1 and
0.2 ng/mlL, respectively.

The linearity ranges for THC, 11-OH-THC,
and THC-COOH in the blood and urine samples
were obtained at concentrations of 0.2, 0.5, 1, 2,
5, 10, and 20 ng/mL. Calibration curves for THC,
11-OH-THC, and THC-COOH were obtained us-
ing Thermo ScientificTM (Waltham, MA, USA)
TraceFinderTM 5.0 SP1 Software®. For the line-
arity range criteria, a coefficient of determination
(r2) = 0.99, an accuracy of each calibrator within
+15% (LLOQ * 20%), and a % coefficient of vari-
ation (%CV) < 15% were achieved. A summary of
the criteria of the linearity ranges for THC and its
two metabolites in blood and urine in this study
is shown in Table 2.

Accuracy and precision were evaluated for the
spiked blood and urine samples at three quality

control (QC) concentrations, 0.6, 6, and 15 ng /mL.
The accuracy of each QC concentration should
be within + 15% and the precision evaluated
by the %CV should also be < 15%. The obtained
accuracy and precision of these three concen-
trations of THC, 11-OH-THC, and THC-COOH in
blood and urine are shown in Table 3 and Table
4, respectively. Moreover, the dilution integrity
was evaluated for a dilution factor of 1:5 for THC
and THC-COOH and 1:50 for THC-COOH due to
the high concentrations of THC-COOH in the au-
thentic samples. Accuracy and precision testing
was also performed and all the results, both in
the blood and urine samples, passed the criteria
of acceptability of an accuracy within + 15% and
precision evaluated by a %CV < 15%.

Statistical analysis

Statistical analysis was conducted using IBM
SPSS® Statistics for Windows version 25. De-
scriptive statistics, including the mean, median,
and standard deviation (SD), were calculated. The
Kolgomorov-Smirnov test was used for normality
testing of the blood and urinary profiles of canna-
bis and its metabolites. It was found that the blood
and urinary cannabis and its metabolites were
not normally distributed. Thus, comparisons of
the blood and urinary concentrations of canna-
bis and its metabolites were performed using the
Mann-Whitney U test and Kruskal-Wallis H test
where appropriate. Contingency table chi-square
analysis was used for comparison of the number
of subjects between the recent and non-recent
cannabis exposure cases and for comparison of
the number of subjects who had used other drugs
with cannabis in the RTI and non-RTI groups, re-
spectively.

Table 2. Summary of the linearity ranges for THC, 11-OH-THC, and THC-COOH

in blood and urine

Range Linear regression equation
Analyte r?
(ng/mL) Slope Intercept
Blood
THC 0.2-20 0.047998 +0.017198 >0.99
11-OH-THC 0.2-20 0.030840 +0.026120 >0.99
THC-COOH 0.2-20 0.012535 +0.075585 20.99
Urine
THC 0.2-20 0.032106 +0.016848 >0.99
11-OH-THC 0.2-20 0.033484 +0.054792 >0.99
THC-COOH 0.2-20 0.013934 +0.030306 >0.99

THC, delta9-tetrahydrocannabinol; 11-OH-THC, 11-hydroxy-delta9-tetrahy-
drocannabinol; THC-COOH, 11-Nor-9-carboxy-delta9-tetrahydrocannabinol

Biomedical Sciences and Clinical Medicine 2025,;64(3):182-192.
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Table 3. Accuracy and precision of three QC concentra-
tions in blood samples

Precision (n=5)

QC concentra- Accuracy (%)
tion (ng/mL) (n=5) Intra-day Inter-day
(%) (%)
THC
0.6 90.33-111.67 <12.47 <11.67
6 89.17-112.67 <12.58 <11.84
15 86.67-110.33 <11.33 <10.18
11-OH-THC
0.6 88.33-113.67 <12.74 <13.63
6 87.67-112.17 <13.62 <12.37
15 90.58-113.83 <11.81 <12.53
THC-COOH
0.6 89.33-112.33 <11.67 <13.05
6 87.17-111.33 <11.94 <12.83
15 88.58-113.08 <10.42 <13.17

THC, delta9-tetrahydrocannabinol; 11-OH-THC, 11-hy-
droxy-delta9-tetrahydrocannabinol; THC-COOH, 11-Nor-
9-carboxy-delta9-tetrahydrocannabinol

Table 4. Accuracy and precision of three QC concentra-
tions in urine samples

Precision (n=5)

QC concentra- Accuracy (%)
tion (ng /mL) (n=5) Intra-day Inter-day
(%) (%)
THC
0.6 87.67-113.33 <13.67 <12.85
6 91.83-114.33 <13.58 <1145
15 91.67-113.42 <10.17 <9.64
11-OH-THC
0.6 86.33-112.33 <13.33 <12.57
6 88.83-113.17 <12.17 <12.47
15 93.58-109.08  <10.08 <11.64
THC-COOH
0.6 88.33-111.33 <12.33 <13.12
6 89.67-112.67 <11.63 <12.67
15 93.33-113.75 <12.83 <13.04

THC, delta9-tetrahydrocannabinol; 11-OH-THC, 11-hy-
droxy-delta9-tetrahydrocannabinol; THC-COOH, 11-Nor-
9-carboxy-delta9-tetrahydrocannabinol

Table 5. Comparison of the causes of death and age ranges
between the RTI and non-RTI groups

Mean + SD, median Range
Group N (years old) (yrs old) p-value
RTI 43 27.14+10.06, 25.00 15-66 0.020
Non-RTI 37  34.81x14.75, 31.00 15-79
Total 80 30.69£12.95, 27.00 15-79

RTI, road traffic injury

RESULTS

Overall, 80 subjects were included in this
study, comprising 43 RTI cases (53.75%) and 37
non-RTI cases (46.25%). There were only 3 females

186

(3.75%) and 77 males (96.25%). The mean age of
all the subjects at death was 30.69 * 12.95 years
(range = 15-79). All the RTI cases were motorcycle
riders. The age of the subjects in the RTI group
was significantly lower than that of the non-RTI
group according to the Mann-Whitney U test (p
=0.020), as shown in Table 5. The non-RTI group
consisted of cases of hanging, gunshot wounds,
stab wounds, drowning, falls from height, elec-
trocution, drug intoxication, carbon monoxide
poisoning, and homicidal blunt head trauma. In-
formation on the non-RTI group in this study is
provided in Table 6. Comparison of the age of the
subjects among three manners of death in the
non-RTI group did not show any statistically signi-
ficant difference according to the Kruskal-Wallis
H test (p = 0.340).

Comparison of the cannabis profiles in blood
and urine samples from the RTI and non-RTI
groups found that the concentrations of THC and
its two metabolites in blood in the RTI group were
significantly higher than in the non-RTI group,
whereas the concentrations of THC and its two
metabolites in urine in these two groups did not
show any statistically significant difference (Ta-
ble 7). In addition, when classifying the canna-
bis profiles as recent and non-recent cannabis
exposure based on the presence of THC and/or
11-OH-THC in blood and/or urine, it was found
that 90.70% (39/43) of the subjects in the RTI
group had recent cannabis exposure, compared
to 72.97% (27/37) of the subjects in the non-RTI
group. Contingency table chi-square analysis
showed that the number of subjects who had re-
cent cannabis exposure in the RTI group was sig-
nificantly higher than in the non-RTI group (p =
0.044).

As the urinary cannabis profiles did not show
any significant differences, the blood cannabis
profiles were further analyzed for comparison
among four groups: RTI, suicide, homicide, and
other accidental deaths. The Kruskal-Wallis H
test showed that there were significant differ-
ences in the blood THC, 11-OH-THC, and THC-
COOH among these four groups (Table 8). Fur-
thermore, when cut-off concentrations of blood
THC at 22 ng/mL and >5 ng/mL were applied, it
was found that 76.74% (33 /43) and 58.14% (25 /43)
of the subjects in the RTI group had blood THC
concentrations 22 ng/mL and 25 ng/mL, respec-
tively.

Biomedical Sciences and Clinical Medicine 2025,64(3):182-192.
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Table 6. Information on the non-RTI group

Non-RTI group Age

Manner of death Cause of death N Mea?yi;[:’ol;:;dlan (y:::l;g:l d)

Suicide Hanging, gunshot wound, fall from 14 35.14+16.76, 30.50 17-79
height, carbon monoxide poisoning

Homicide Gunshot wound, stab wound, blunt 9 29.00+11.59, 30.00 15-46
head trauma

Other accident  Drowning, fall from height, electrocution, 14 38.21+14.26, 37.00 21-66
drug intoxication

Total 37 34.41+14.95, 30.00 15-79

RTI, road traffic injury

Table 7. Comparison of the cannabis profiles in blood and urine between the RTI

and non-RTI groups

Cannabis profiles

Mean + SD, median (Range) (ng/mL)

RTI

Blood
THC

11-OH-THC

THC-COOH

Urine
THC

11-OH-THC

THC-COOH

9.50+9.40, 7.39
(ND-40.92)
1.98+2.16, 1.34
(ND-11.92)
39.34+35.26, 33.06
(0.63-168.91)

0.15+0.43, ND
(ND-2.21)
0.69+2.98, 0.25
(ND-19.67)
237.82+282.59, 91.25
(145-931.78)

p-value
Non-RTI
5.3148.05, 1.38 0.004"
(ND-35.91)
0.84+1.37,0.42 0.001"
(ND-7.19)
14.29+21.16, 7.04 <0.001
(ND-109.67)
0.13+0.40, ND 0.427
(ND-1.76)
0.28+0.38, ND 0.988
(ND-1.22)
139.89+200.52, 60.24 0.071

(3.76-860.19)

“ND, not detected; RTI, road traffic injury, THC, delta9-tetrahydrocannabinol;
11-OH-THC, 11-hydroxy-delta9-tetrahydrocannabinol; THC-COOH, 11-Nor-9-
carboxy-delta9-tetrahydrocannabinol

Table 8. Comparison of the blood cannabis profiles among four manners of death

Blood cannabis THC (ng/mL) 11-OH-THC THC-COOH
profiles (ng/mL) (ng/mL)

RTI group

Mean+SD 9.50+9.40 1.98+2.16 39.34+35.26

Median 7.39 1.34 33.06
RTI group

Mean+SD 8.07+10.29 1.05+1.88 12.14+12.31

Median 4.95 0.53 8.60
Homicide

Mean+SD 4.57+8.06 0.84+0.93 23.37+34.90

Median 116 0.46 14.15
Other accident

Mean+SD 3.04+4.42 0.66+1.03 10.59+16.19

Median 0.99 0.30 3.29
p-value 0.015" 0.010" <0.001"

RTI, road traffic injury

Biomedical Sciences and Clinical Medicine 2025,;64(3):182-192.
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When considering the combination of use of
alcohol and cannabis, the BAC ranges in the RTI
and non-RTI groups were 0-229.85 mg/dL and
0-387.66 mg/dL, respectively, while the mean =+
SD BAC in the RTI and non-RTI groups were 39.66
+ 38.36 mg/dL and 38.36 + 93.02, respectively.
The BAC in the RTI group was not significantly
different from the BAC in the non-RTI group (p =
0.605). Interestingly, it was found that the major-
ity of subjects in both groups had negative BAC
results (72.09% (31/43) of RTI cases and 75.68%
(28/37) of non-RTI cases). In addition, focusing
on the RTI group, it was found that the median
blood THC, 11-OH-THC, and THC-COOH con-
centrations in the subjects who had a BAC greater
than 50 mg/dL were 8.72, 1.66, and 29.28 ng/mL,
while the median blood THC, 11-OH-THC, and
THC-COOH concentrations in the subjects who
had a negative BAC were 5.24, 0.98, and 34.14 ng/
mlL, respectively. There was no significant differ-
ence in blood THC, 11-OH-THC, or THC-COOH
concentrations between the subjects who had
a BAC greater than 50 mg/dL and subjects who
had a negative BAC (p = 0.731, 0.742, and 0.920,
respectively).

Of the subjects using cannabis with other
drugs, 28.75% (23/80) had used cannabis with
other drugs. In the two groups, 18.60% (8 /43) of
the RTI subjects and 40.54% (15/37) of the non-
RTI subjects had used other drugs with cannabis.
Contingency table chi-square analysis showed
that the number of subjects who had used other
drugs with cannabis in the RTI group was signif-
icantly lower than that in the non-RTI group (p
= 0.031). The mean + SD and median blood THC
concentrations of the subjects who had used
cannabis without other drugs or medication

were 11.04 + 9.72 ng/mL and 8.72 ng/mL, while
the mean + SD and median blood THC concentra-
tions of the subjects who had used cannabis with
other drugs or medication were 2.77 + 2.75 ng/mL
and 2.68 ng/mL in the RTI group, showing that
the blood THC concentrations of the subjects
who had used cannabis without other drugs or
medication were significantly higher than those
of the subjects who had used cannabis with other
drugs or medication (p = 0.010). The number of
other drugs used with cannabis ranged from 1 to
8 drugs. The most common drugs found with can-
nabis in this study were mitragynine (13.75%), anti-
histamine (12.50%), ketamine (11.25%), benzodiaz-
epine (10.00%), and methamphetamine (10.00%).
Details of concomitant drugs found with cannabis
in this study are shown in Table 9. Although sta-
tistical analysis could not be performed because
some cells in Table 9 had less than 5 observations,
it was found that mitragynine was predominant
in the RTI group whereas heroin and benzodi-
azepine were predominant in the other accident
groups (particularly drug intoxication).

Comparing the cannabis profiles in the blood
and urine of the subjects who had used cannabis
without drugs of abuse or medication with those
of the subjects who had used cannabis with drugs
of abuse or medication, it was again found that
the concentrations of THC and its two metabo-
lites in the subjects who had used cannabis with-
out drugs of abuse or medication were signifi-
cantly higher than those in the subjects who had
used cannabis with drugs of abuse or medication
(Table 10). However, comparison of the concen-
trations of THC and its two metabolites in urine
between these two groups did not show any sta-
tistically difference (Table 10).

Table 9. Details of concomitant drugs found in subjects positive for cannabis

Drugs RTI Suicide Homicide Oliher Total
group accident percentage
Mitragynine 5 2 2 2 13.75% (11/80)
Antihistamine 4 1 2 3 12.50% (10,/80)
Ketamine 4 1 1 3 11.25% (9,/80)
Methamphetamine 4 1 1 2 10.00% (8 ,/80)
Benzodiazepine 1 0 1 6 10.00% (8,/80)
Heroin 2 0 1 4 8.75% (7/80)
Tramadol 1 1 2 3 8.75% (7/80)
Other drugs 1 1 1 4 8.75% (7/80)

RTI, road traffic injury
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Table 10. Comparison of the cannabis profiles in blood and urine between the RTI and

non-RTI groups

Mean + SD, median (range) (ng/mL)

Cannabis profiles p-value
Cannabis without drugs ~ Cannabis with drugs
Blood
THC 9.40£9.79, 7.06 3.03+4.04, 1.16 0.001"
(ND-40.92) (ND-13.33)
11-OH-THC 1.78+2.13, 0.94 0.65+0.81, 0.30 0.005
(ND-11.92) (ND-2.82)
THC-COOH 30.73+33.27, 18.81 20.38+27.86, 4.45 0.045"
(0.63-168.91) (ND-109.67)
Urine
THC 0.15£0.43, ND 0.12+0.38, ND 0.516
(ND-2.21) (ND-1.63)
11-OH-THC 0.64£2.59, 0.25 0.16+0.29, ND 0.075
(ND-19.67) (ND-1.22)
THC-COOH 210.11£260.19, 93.95 148.93+227.62, 54.23 0.108

(1.45-931.78)

(3.76-860.19)

“ND, not detected; RTI, road traffic injury, THC, delta9-tetrahydrocannabinol; 11-OH-
THC, 11-hydroxy-delta9-tetrahydrocannabinol; THC-COOH, 11-Nor-9-carboxy-delta

9-tetrahydrocannabinol

DISCUSSION

To the best of our knowledge, this is the first
study that reports and compares the concen-
trations of THC and its two metabolites (11-OH-
THC and THC-COOH) in blood and urine samples
from Thai postmortem cases. As THC and its two
metabolites are highly lipophilic molecules, post-
mortem blood concentrations of THC and its two
metabolites are prone to postmortem distribu-
tion leading to limitation of interpretation of can-
nabis profiles in postmortem blood samples (6).
For that reason, recent cannabis exposure in this
study was interpreted mainly based on the pres-
ence of THC and /or 11-OH-THC in blood and /or
urine. This study showed that the blood concen-
trations of THC in RTI cases were significantly
higher than those in cases with other causes of
death. A previous study reported mean and medi-
an blood THC concentrations in fatal RTI cases of
11.7 and 4.5 ng/mL, respectively (8). These figures
are comparable to our study, with mean and me-
dian blood THC concentrations in the RTI cases
of 9.50 and 7.39 ng/mL, respectively. In addition,
the present study found that the majority of fa-
tal RTI cases were recent cannabis users which is
consistent with previous studies (8, 9). A previous
study suggested that drivers who were recent
cannabis users and who had a blood THC con-
centration of 8.2 ng/mL and 13.1 ng/mL showed
driving impairment similar to BACs of 50 mg/
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dL and 80 mg/dL, respectively (11). In addition, a
blood THC concentration of 5 ng/mL plus BAC of
50 mg/dL have been reported to produce driving
impairment similar to a BAC of 80 mg/dL (11).
Drummer, OH et al. reported adjusted odd ratios
(OR) for injured drivers with THC levels of 1-4.9,
> 5, and = 10 ng/mL of 1.6, 3.2, and 10, respec-
tively, while the adjusted OR for injured drivers
with a BAC of 50-100 mg/dL was 5.7 (12). Thus, a
common cut-off for blood THC concentrations of
2 ng/mL and 5 ng/mL is applied in many coun-
tries in Europe and North America. Based on this
finding, it could be implied that the majority of
fatal RTI cases in this study were under the influ-
ence of cannabis because 76.74% and 58.14% of
the subjects in the RTI group had a blood THC
concentration of > 2 ng/mL and = 5 ng/mL, re-
spectively. However, additional study should be
performed to further elucidate the risk of driving
while using cannabis in the Thai population. Cur-
rently, investigation of cases of driving under in-
fluence in Thailand is mandatory only for alcohol
and methamphetamine. This result shows that
investigation of driving under influence of canna-
bis in Thai people should be required because the
majority of Thai RTI cases in this study had blood
THC concentrations that were comparable to fatal
RTI cases in previous studies (8, 9). The best indi-
cator of driving under influence of cannabis was
blood samples (7). Oral fluid can be useful because
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it is easier to collect, but THC concentration in
oral fluid is not closely associated with blood
THC concentration, limiting the use of oral fluid
for the investigation of driving under influence
of cannabis (7). Additionally, blood THC concen-
trations rapidly decline after exposure, leading to
difficulty with blood THC determination. Thus,
timing of blood collection is crucial for interpre-
tation and further research should be conducted
to elucidate this finding. In addition, the effect of
cannabis exposure on driving performance in liv-
ing Thai people should be studied based on the
results of previous reports (11, 12). Such research
is fundamental for establishing the association
between blood THC concentration and driving
performance, and could lead to determination
of a cut-off blood THC concentration for driving
under influence of cannabis in Thai population.
This study shows that Thai people who used
cannabis with other drugs or medication had
blood THC, 11-OH-THC, and THC-COOH concen-
trations significantly less than Thai people who
used cannabis without other drugs or medication.
There is only limited data about the comparison
of blood THC and its metabolite concentrations
between cannabis abusers using other drugs or
medication and cannabis abusers not using other
drugs or medication because most data are fo-
cused on common conventional medications that
are known to affect cannabinoid compounds (13).
Ho, JJY et al.’s review reported that morphine did
not have an effect on blood THC concentration
(14). Thus, it could be possible that the presence
of other drugs of abuse or medication might not
directly affect blood THC and its metabolite con-
centration. However, the use of other drugs of
abuse or medication might have an effect in that
people may not need to use a high dose of canna-
bis because of the effect of other drugs of abuse
or medication. Further study should be conduct-
ed to investigate the interaction between canna-
bis and other drugs of abuse or medication.
Previous studies have reported that marijuana
users are prone to using other drugs, including
hallucinogens, inhalants, prescription drugs (pain
relievers and sedative-hypnotic drugs), and drugs
of abuse (particularly cocaine and methampheta-
mine) (15, 16). However, the majority of subjects
in this study had used cannabis without other
drugs of abuse or medication. Kalayasiri, R. et al.
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reported that kratom (Mitragyna speciosa) leaves
and kratom cocktails (which commonly contain
antihistamine, tramadol, and benzodiazepine) are
often consumed by cannabis users in Thailand
(2). This study found that drugs commonly used
with cannabis by Thai people include mitragynine
(an alkaloid compound from kratom leaves) and
antihistamine, consistent with findings from Kal-
ayasiri, R. et al. (2). This result suggests that con-
comitant drug use with cannabis might depend
on different peoples’ behavior and geographical
area.

Although there was significant difference in
blood concentrations of THC and its two metabo-
lites between RTI cases and non-RTI cases, there
was no statistically significant difference in uri-
nary concentrations of cannabis profiles between
RTI and non-RTI cases. This result could be ex-
plained by the pharmacokinetics of cannabis.
THC and its two metabolites are lipophilic mole-
cules which can be distributed into adipose tissue
and then released for excretion (6). Thus, urinary
concentrations of THC and its two metabolites
can result from both acute cannabis exposure
and from accumulation from chronic cannabis
exposure leading to longer than usual detection
times of cannabis excretion in urine (6). This in-
dicates that the urinary concentrations of THC
and its two metabolites in this study did not come
exclusively from acute cannabis exposure before
death but also from past cannabis exposure. Des-
rosiers, NA, et al. reported that occasional canna-
bis smokers can test positive for THC and its two
metabolites in blood for 6-30 hours, whereas fre-
quent cannabis smokers can test positive for THC
and its two metabolites in blood for more than
30 hours (17). Compared with urinary cannabis
profiles, previous studies have shown that light
cannabis smokers can test positive for urinary
THC or its two metabolites for 24-120 hours, (18)
whereas chronic cannabis users who come to a
health facility for rehabilitation can present with
positive detection for urinary THC-COOH for up
to 30 days (19). When urinary cannabis profiles
are affected by the accumulation from the past
cannabis use, it can lead to a finding of no sig-
nificant difference in urinary concentrations of
cannabis profiles between RTI and non-RTI cases.
Thus, using urinary cannabis profiles for medico-
legal interpretation should be done cautiously,
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particularly when THC-COOH is found only in
urine because THC-COOH can be found for up to
30 days after cannabis exposure in cases of chron-
ic cannabis abuse (19). This suggests that urinary
cannabis profiles may not be suitable for proving
acute physical impairment, including impaired
driving capability. According to current Thai leg-
islation, driving under the influence is compul-
sory only for the detection of blood alcohol con-
centration and methamphetamine in urine. Thus,
if the government plans to enact new legislation
related to driving under influence of cannabis, the
use of blood samples should be considered for de-
tection of THC and/or its two metabolites rather
than using only urine for investigations.

The main limitation of this study is the dis-
proportionately low number of females, with
only three subjects included in this study. Thus,
comparison of the blood and urinary cannabis
profiles between female and male subjects could
not be performed. In addition, the number of sub-
jects who used cannabis with alcohol and drugs
of abuse or medication were relatively small
compared with the number of subjects who used
cannabis without alcohol or drugs of abuse or
medication which might have had an effect on
the non-parametric statistical analysis. Further
studies should be performed which include more
female subjects.

CONCLUSIONS

Blood THC, 11-OH-THC, and THC-COOH con-
centrations in RTI cases are significantly higher
than those in cases of other unnatural causes of
death. The mean and median blood THC concen-
trations in the RTI cases were 9.50 and 7.39 ng/
mL, respectively. The majority of fatal RTI cases
in this study were recent cannabis users. In ad-
dition, blood THC, 11-OH-THC, and THC-COOH
concentrations in subjects that used cannabis
without drugs of abuse or medication were sig-
nificantly higher than those in subjects who used
cannabis with drugs of abuse or medication.
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INTRODUCTION

ABSTRACT

OBJECTIVE This study aims to determine the forensic importance and
applicability of the frontal sinus by evaluating its morphoscopic and mor-
phometric characteristics in relation to sex.

METHODS Antero-posterior skull radiographs of 235 individuals (141
males and 94 females) were taken using a standardized procedure. Frontal
sinus morphology was observed and classified. Specific measurements (A
to D) were conducted to estimate sex by developing logistic regression
equations.

RESULTS Frontal sinus symmetry was detected in 58.7% of the indivi-
duals. Morphometric analyses of frontal sinuses were only moderately
correlated with the sex, with an area under the ROC curve of 0.629 (meas-
urement A). The recommended cut-off score of measurement A was 6.47
cm, in which the sensitivity and specificity were 78.7% and 59.6%, respec-
tively.

CONCLUSIONS This study found significant individual variation in the
frontal sinus patterns. Evaluating the frontal sinus could be used as an
adjunct to other methods of personal identification, particularly for sex
estimation.

KEYWORDS frontal sinus, sex, forensic radiology, skull radiograph

analysis, particularly when remains are decom-

Human identification is a complex, systematic,
and standardized process involving comparison
of individual information about a missing person,
including biological and personal information,
with comparable data gathered from unknown
human remains. Scientific techniques such as fin-
gerprint analysis, DNA and dental matching, and
anthropological methods are mentioned as com-
mon practices for personal identification (1, 2). To
identify unknown deceased individuals, human
identification is crucial in scenarios like mass
disasters, accidents, and criminal investigations.
Nevertheless, there are limitations of traditional
identification methods like fingerprinting and DNA

posed, burnt, or when DNA is compromised. An-
thropological techniques can be applied in these
situations. Cranial radiography is one of the poten-
tially useful identification techniques when only a
portion of the skull may be available.
Examination using cranial radiography is recog-
nized as a standard procedure in dental and med-
ical clinics. To date, there have been many articles
in which personal identification was achieved by
comparing antemortem and postmortem radio-
graphs of a particular part of a cranium (3-6). Using
the frontal sinus became popular for human identi-
fication because of its unique characteristics. This
structure consists of bilateral, irregularly shaped,
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air-containing cavities in the frontal bone that
can vary between individuals and can be visible
with radiographic techniques (7). These factors
make the frontal sinus suitable for analysis in an
adult population (6, 7).

Sexual dimorphism is recognizable in several
anatomical characteristics of the skull, such as the
foramen magnum (8) and the mandible (9). Numerous
studies have proposed that the frontal sinus could
be helpful in accurately determining sex. Yoshino
et al. suggested that the frontal sinuses of males
are larger than those of females (6) which is in
agreement with a study by Buckland-Wright (10).
In females, the frontal sinuses are smaller, and
their superior margins are more scalloped (11). A
2023 study of the frontal sinus in the Thai popu-
lation by Pangsorn and Soodchuen (12) analyzed
270 cranial computed tomography (CT) images to
evaluate sex determination based on the frontal
sinus parameters. They proposed using parame-
ters of frontal sinuses based on the following seven
discrete variables: the absence or presence of
frontal sinuses, scalloping, complete and incom-
plete septal lengths, max height and width, max
total width, and max antero-posterior (AP) diame-
ter. Their results showed that measurements of
frontal sinuses (max height and width, max AP
diameter, and total max width) have the potential
to be used in correctly identifying sex. However,
the question arises whether the results of CT
examination can be compared with those based
on radiographic examination. Plain x-ray investi-
gation is still very important in routine forensic
practice in Thailand because the method is readily
accessible and cost-effective. To the best of our
knowledge, no research has been done on deter-
mining sex from frontal sinus patterns in a Thai
population using radiographic analysis. Because
of variations in genetics and environment, the
results from a non-Thai population may differ from
those from the Thai population.

The purpose of this study was to evaluate the
reliability of radiographic examination of the fron-
tal sinus for sex estimation in a Thai population.
The study analyzed the frontal sinus category
and size using standardized measurements of
plain X-rays of the frontal sinuses.
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METHODS
Sample

This study was approved on October 20, 2023
by the Research Ethics Committee of the Faculty
of Medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand (Protocol No. 716 /2566 (IRB2).

The sample size was calculated using nQuery
Sample Size Software (nQuery Advanced 8.7)
(Statsols, Boston, MA). Between January 2019
and July 2024, adult cadavers which underwent
autopsy in the Forensic Pathology Unit, Depart-
ment of Forensic Medicine, Faculty of Medicine
Siriraj Hospital, Mahidol University were used as
the subjects in this study. All cadavers were Thai
nationals with an age range of 20-45 years.

It is generally accepted that the frontal sinus
first appears in children as early as age 5 or 6.
This structure becomes completely developed
around the age of 20, and generally remains stable
until advancing age when atrophic changes begin
to appear (13-18). Deceased individuals with sinus
pathologies such as mucosal thickenings or any
masses in the sinuses were excluded from this
study. In addition, individuals with a history
of cranial trauma or surgery, a clinical history of
endocrine disturbances, nutritional disorders, or
hereditary facial asymmetries were excluded from
the study. Subjects without an appearance of fron-
tal sinuses were also excluded from this study.

Antero-posterior radiographs of skulls were
taken with a mobile X-ray apparatus (SOURCE-
RAY SR130, Source-Ray, Inc., NY) at 80 kvp, 3.0
mA, and a 0.1-minute exposure time. To ensure
a symmetrical and clear image of the skull, the
bodies were positioned with the chin slightly lifted,
the back of the head against the image detector,
and the central ray focused at the nasion. The exami-
nation of the radiographic images was carried out
using RadiAnt DICOM Viewer software (version
2020.2.3 (32-bit)) (Fujidenolo Solutions Co., Ltd.,
Komaki City, Aichi, Japan) and a monitor.

Frontal sinus category and measurement proto-
col

The frontal sinus shape was classified according
to the bilateral symmetry or asymmetry, the high
point of each side, and the outline of upper
borders (Figure 1 and Table 1). The shape of the
frontal sinus was evaluated using the standardized
measurement protocol adapted from De Andrade
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Figure 1. Frontal sinus (categories 1 to 6)

Table 1. Definition of frontal sinus categories

Category Definition
1 Frontal sinuses with symmetrical shape of partition and chamber
2 Frontal sinuses with two equally high points
3 Frontal sinuses with open-curve lobulations (the highest curve is identified, but the highest point is difficult
to determine)
4 Frontal sinuses with plateau lobulations (the highest point is not evident)
5 The air-containing cavity of the frontal bone as a part of the frontal sinus
6 Frontal sinuses in triangular shape without two distinct highest points because both sinuses coincide at

the vertex of the triangle

Quintanilha Ribeiro (19). First, a baseline was
drawn horizontally along the upper limit of both
orbits. Then four more lines were drawn perpen-
dicular to the baseline (Figure 2). The first (A) and
second (B) lines delineate the maximum lateral
limit of the right and left frontal sinuses. Another
two lines (C and D) pass through the highest point
of the right and left frontal sinuses. From these
lines, the four measurements can be conducted
(Table 2).

Anatomical variations can be encountered.
Adapting the previously described techniques is
necessary when measuring anatomy that does
not fit a traditional architectural pattern (19).

1. When a frontal sinus has two equally high
points, measure the one that is closest to the inter-
sinus septum.

2. When the highest point is difficult to locate
because the sinus has open-curve or plateau lobula-
tion, measure the point at the middle of the lobu-
lation.

3. Anyair-filled frontal sinus cavity is considered
as a part of the frontal sinus and needs to be
measured.

Figure 2. Landmarks for measurement protocol

Biomedical Sciences and Clinical Medicine 2025;64(3):193-199. 195
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Table 2. Measurement definitions (adapted from Ribeiro (19))

Measurement Definition
A The maximum diameter of the frontal sinuses (lines A and B)
B The distance between the highest points of the left and right frontal sinuses (lines C and D)
C The distance between the maximum lateral limit and the highest point of the left frontal sinus (lines
Aand C)
D The distance between the maximum lateral limit and the highest point of the right frontal sinus

(lines B and D)

4. In cases where the frontal sinuses do not
have two separate highest points because of their
triangular shape, the highest point of the vertex is
used for measurement, and the list measurement
of B is zero.

Statistical analysis

The statistical analysis was performed using
the SPSS software package (version 26 for Win-
dows; SPSS Inc., Chicago, IL). Statistical signifi-
cance was considered as a p-value of less than
0.05. Quantitative data such as mean values,
range, and standard deviations were calculated.
Categorical data are displayed as numbers and a
percentages. The t-test and chi-square test were
performed to determine whether there was a sig-
nificant difference between males and females. A
logistic regression equation was used to analyze
the association of measurement values and sex as
ROC curves and the area under the curve. A cut-
off score of the most significant statistical data was
selected based on the sensitivity and specificity of
the ROC curve. To test reliability, 30 skull radio-
graphic images were randomly selected and reas-
sessed for both intra- and inter-observer errors.

RESULTS

Atotal of 235 cadavers were included, consist-
ing of 141 males and 94 females. The mean age of
males and females in this study population was
35.25 (standard deviation [SD] = 7.01) years and
33.34 (SD = 7.35) years, respectively. The manner
of death of the 235 subjects was as follows: 131
subjects (55.7%) were due to natural diseases, 55
subjects (23.4%) were due to car accidents, 39
subjects (16.6%) were due to suicide, and 10 sub-
jects (4.3%) were homicides.

Table 3 illustrates the frequency of each type
of frontal sinus category among the study group.
The most common frontal sinus category observed
in this study was category 1 (58.7%), followed by
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Table 3. Frequency of frontal sinus category

Frontal sinus Male Female Total
category n=141 (%) n=94 (%) n=235 (%)
1 79 (56.0) 59 (62.8) 138 (58.7)
2 6 (4.3) 10 (10.6) 16 (6.8)
3 30 (21.3) 14 (14.9) 44 (18.7)
4 11(7.8) 4(4.3) 15 (6.4)
5 5(3.5) 3(4.3) 8(3.4)
6 10 (7.1) 4(4.3) 14 (6.0)

Table 4. Statistical data of frontal sinus measurements

Standard
Mean . L.
Measurement Sex deviation p-value
(cm)
(cm)
A Male 7.04 1.92 0.001"
Female  6.21 1.65
B Male 2.04 1.17 0.990
Female  2.01 111
C Male 2.37 1.20 0.019
Female 2.00 1.09
D Male 2.68 113 0.002"
Female 2.24 0.96

“p<0.01

category 3 (18.7%), category 2 (6.8%), category 4
(6.4%), category 6 (6.0%), and category 5 (3.4%).
However, there was a statistically insignificant
sex difference in the frequencies of the frontal
sinus category (p = 0.226).

The frequency of all frontal sinus measure-
ments is shown in Table 4. The frontal sinuses
were found to be larger in males than females,
with the difference between males and females
statistically significant for measurements A and
D (p < 0.01). Univariable logistic analysis showed
that the areas under the ROC curve in measure-
ment A was 0.629 and 0.613 in measurement D,
suggesting a moderate predictive performance.
The recommended cut-off score of measurement
A, which allows for the best sensitivity and speci-
ficity, is 6.47 (sensitivity 78.7%, specificity 59.6%).
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The reliability of both morphoscopic and mor-
phometric characteristics was also investigated.
Using Cohen’s Kappa coefficient, the average intra-
class correlation coefficient (ICC) was 0.95 for
intra-observer reliability and 0.91 for inter-ob-
server reliability. Based on a 95% confidence inter-
val, ICC values higher than 0.9 indicate excellent
reliability (20).

DISCUSSION

Zukerkandl and colleague in 1895 were the
first to notice the uniqueness of the frontal sinus,
highlighting its asymmetrical morphology (21).
Culbert and Law introduced the first case of human
identification using morphological analysis of the
frontal sinus to be accepted in a US court (22).
Since then, there has been significant progress in
the study of several frontal sinus features (1, 3, 12).
Previous studies have concentrated on taking
several frontal sinus measurements and inte-
grating the probability of each measurement for
analysis (19, 23). The strength of the metric analy-
sis of the frontal sinus is supported by probability
analysis of probability assessment (24). In accord-
ance with previous studies, the present study
used plain skull x-rays, and analyzed results using
logistic regression.

Previous studies have looked at the frontal sinus
using computed tomographic techniques (25-27).
However, plain x-ray investigations continue to
play an important role in routine forensic work
for human identification in Thailand because of
their reliability, low-cost, and easy accessibility,
which has led to the development of technical and
comprehensive parameters, e.g., the evaluation
of the morphological shape of the frontal sinus
(28, 29). Christensen (2005) employed elliptical
Fourier analysis to compare Euclidian distances,
but that method is very resource-intensive and
complex (30). The present study attempted to
develop a low-cost solution for the Thailand con-
text, making it more appropriate for the financial
constraints that are faced by disaster manage-
ment organizations in Thailand. In addition, this
study marks an initial attempt at personal iden-
tification based on standardized measurements
of radiographic images of the frontal sinuses as
mentioned by De Andrade Quintanilha Ribeiro
and provides a simple and cost-effective system
for identifying the sex of unknown remains (19).

Biomedical Sciences and Clinical Medicine 2025,;64(3):193-199.

The present study utilized plain skull x-rays
in an AP radiograph projection, as this allows the
frontal sinus to be assessed with minimal dis-
tortion. A difference in the position of the skull
during radiographic examination can potentially
generate differences in measurements, leading to
possible misrepresentation of the true anatomical
dimensions. The radiological images produced by
AP and PA views are dissimilar in both size and
clarity, even though the angles are similar. These
two views provide different size measurements of
the frontal sinus because the frontal sinuses are
not located at the same distance from the film. In
the AP view used in this study, the frontal sinus is
farther away from the film, while the frontal sinus
is closer to the film in the PA view, leading to a dif-
ference in magnification (31). In this study, it was
often not possible to use the radiograph approach
in PA projection due to the limitations resulting
from position of the deceased lying in the supine
position.

This study attempted to categorize different
types of frontal sinus shapes to investigate how
they could be used to determine sex and contribute
to the field of forensic medicine. The radiological
images of the frontal sinus revealed various forms
in this study, differing in width, and height, as well
as number and shape of partitions and chambers
(31, 32). In this study, symmetry of the frontal sinus
(category 1) was identified in 58.7% of the indi-
viduals, whereas Taniguchi et al. obtained 43.1%
symmetry in a Japanese population (33). The results
of the present study are consistent with those of
David and Saxena (34), who observed a symme-
try of frontal sinus in 58.0% of the study group.
There can be several anatomical variations in size
and shape. Unusual conditions can include asym-
metrical sinuses or different shapes of lobulation.
Generally speaking, an asymmetrical shape of the
frontal sinuses on the two sides results from un-
equal reabsorption of the diploé during the de-
velopment of the frontal sinus (35). Some studies
have reported that the observed differences in
frontal sinus morphology are not statistically sig-
nificant. These differences can be ascribed to racial
and geographic characteristics as well as to the
different techniques used in each study (36).

Previous research has verified that males often
have a larger frontal sinus than females (6, 7, 29,
31, 37). The results in this study are in accordance
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with those of previous studies, including that the
mean values of the frontal sinus measurements A
and D in males are significantly larger than those
of females, e.g., the same result was observed by
Camargo et al. (28). This finding can be explained
by the fact that males typically have larger skulls
than females (38-40). The measurements B and
C of males in the present study were larger than
those of females, but the difference was not sta-
tistically significant. Inherent variability of the
morphology of the frontal sinus was also observed
in this study. We considered using a cut-off score
with the best value to maximize both sensitivity
and specificity. As a result, we recommend a cut-
off score of 6.47, which provides moderate pre-
dictive accuracy in discriminating between males
and females. There are possible reasons that the
results of this study showed a lower accuracy
than those of previous studies (25, 26, 28). The
main reason is that the configuration of the fron-
tal sinus in different populations is influenced by
both genetics and environmental variables, e.g.,
nutrition, hormones, and muscular attachment
(29, 31).

While CT scans generally provide higher resolu-
tion images, radiographic analysis of frontal sinus
morphology is straightforward, lower cost, not
time-consuming, and easy for a forensic practi-
tioner to utilize. It can be done with a single radi-
ograph, which is typically taken during postmortem
investigation. However, some limitations of this
study should be considered. Our study sample
may not be representative of the general Thai
population because this study included only foren-
sic autopsy cases. A larger sample might provide
better results. Newer frontal sinus parameters
should also be established to determine sex more
accurately.

CONCLUSIONS

In forensic practice, sex determination in un-
identified individuals is one of the most frequent
and challenging areas. Several methods have been
established in an effort to increase the accuracy
of the determination of sex. This study attempted to
evaluate frontal sinuses as a means of determin-
ing sex based on sinus patterns and measurements.
The method described here should encourage
wider use of radiographic analysis of the frontal
sinuses in sex determination.
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INTRODUCTION

ABSTRACT

OBJECTIVE This study aim to develop a comprehensive auditing tool
for clinical occupational health services (OHS) in corporate settings.

METHODS The design used a modified Delphi technique. The study
was comprised of four steps: questionnaire construction and panelist
selection, two rounds of questionnaires, and consensus determination.
The participating experts included 31 occupational health professionals
from 7 countries, representing management, occupational medicine, and
auditing roles. Two rounds of questionnaires were administered to
achieve 80.0% agreement on essential activities across the 7 key domains.

RESULTS The Delphi process yielded an audit tool encompassing 62
activities across seven domains: policy management (4 activities, 100.0%
consensus), fitness for work assessment (7 activities, 85.7% consensus),
medical surveillance programs (13 activities, 100% consensus), return to
work assessment (7 activities, 71.4% consensus), occupational disease man-
agement (10 activities, 80.0% consensus), medical emergency preparedness
(15 activities, 86.9% consensus), and health promotion (6 activities, 66.7%
consensus). Experts’ backgrounds influenced their focus, with hospital-
based physicians emphasizing clinical protocols, company-based practi-
tioners stressing implementation, management prioritizing governance,
and auditors ensuring comprehensive assessments.

CONCLUSIONS This auditing tool required consideration of 7 domains,
where experts rated the policy management and medical surveillance
processes as the most important, whereas the domain of health promotion
had the lowest importance score. This tool can help guide organizations
in strengthening the foundational domains of OHS.

KEYWORDS basic occupational health services; audit tool; modified
Delphi technique

increase can be attributed to multiple factors,

According to an International Labour Organi-
zation (ILO) report in 2023, the global landscape of
occupational hazards showed concerning trends,
with over 395 million non-fatal work injuries and
2.93 million work-related deaths recorded in
2019, marking a 12.0% increase since 2000. This

including increased workplace risk exposure, a
26.0% growth in the global workforce, and improved
diagnostic capabilities. Enhancing workplace
occupational safety and health management
systems (OSHMS) is needed (1). OSHMS repre-
sents a complementary approach to workplace
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health and safety. It provides a systematic admi-
nistrative framework guided by international
standards, such as BS 8800 (2), OHSAS 18001 (3),
and ISO 45001 (4). However, OSHMS should not
be directly equated with a safe work system, as
management systems focus on administrative
aspects rather than practical implementation.
The limited focus of OSHMS on clinical activities
and medical perspectives highlights the essen-
tial role of occupational health services (OHS) in
providing direct medical care and health surveil-
lance (5). OHS operates within a comprehensive
framework encompassing disease detection,
injury prevention, and promoting worker well-
being (6). The effectiveness of OHS depends on
ensuring comprehensive coverage, implementing
evidence-based practices, utilizing multi-profes-
sional approaches, and maintaining strong inte-
gration with workplace systems (7).

Regulatory frameworks for OHS vary signifi-
cantly across countries. In terms of legislation,
the United States follows the OSHA standards (8),
while the United Kingdom implements the Health
and Safety at Work Act (9). Within the Association
of Southeast Asian Nations (ASEAN), Singapore
and Malaysia, both influenced by British law, have
developed comprehensive systems through the
Workplace Safety and Health Act of 2006 (10) and
the Occupational Safety and Health Act of 1994
(11), respectively. These frameworks emphasize
risk management, self-regulation, and worker
consultation. In contrast, Thailand’s legal frame-
work, the Ministerial Regulation on Employees’
Health Examination (12), places less emphasis on
welfare provisions and workplace dialogue (13).
Beyond legislation, guidance-based frameworks
have been used, such as the UK's SEQOHS (14)
and the American College of Occupational and
Environmental Medicine’s (ACOEM) Excellence in
Corporate Health Achievement Award (15). These
approaches offer flexibility, encourage stakeholder
engagement, and allow for quicker adaptation to
emerging risks. Corporate social responsibility
codes have also become increasingly important (15).

A previous study in 2022 reported that most
enterprises provided only legally mandated
services, with expanded service delivery influenced
by corporate policies and the presence of on-site
occupational physicians (16). Similarly, a 2019
study on occupational health audit practices

Biomedical Sciences and Clinical Medicine 2025;(3):200-211.

revealed inconsistencies in audit implementation
and limited dissemination of findings (17), whereas
a 2015 study demonstrated that peer-review audit
processes significantly improved report quality
and reduced client complaints (18). These findings
underscore the need for a standardized, com-
prehensive framework to evaluate clinical OHS
performance across diverse organizational and
national contexts.

Evaluation instruments can be developed using
several research methods, such as systematic
reviews or qualitative research (19). However, the
audit framework must remain responsive to
emerging workplace hazards and evolving
healthcare delivery systems (20, 21). Given the
complex nature of OHS quality standards and the
need for comprehensive expert input, structured
consensus-building methods are essential. For
this study, amodified Delphitechnique was chosen
over the traditional one because predefined items
had already been developed through an extensive
literature review. This approach allows for efficient,
structured evaluation, making it more practical
given the time constraints and geographic dis-
persion of study participants (22).

Despite the extensive literature on OHS and
various quality frameworks, there remains a sig-
nificant gap in comprehensive tools for auditing
clinical OHS across different settings and contexts.
For that reason, this study aimed to develop a
consensus-based audit tool to enhance practical
aspects of clinical OHS delivery using the modified
Delphi technique.

METHODS
Study design

A modified Delphi technique research design
was employed between January 2024 and May 2024.

Study processes

The following four methodology steps were
used: 1) questionnaire construction and expert
recruitment, 2) first-round agreement of experts
in the clinical activities of OHS, 3) second-round
agreement of experts in the clinical activities of
OHS, and, 4) consensus of the audit tool for clini-
cal occupational health services (Figure 1).

Step 1. Questionnaire construction and expert
recruitment. Experts in occupational health science
were identified through conference participation,
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referrals, and professional networks and were
invited to participate in the study. The panel com-
prised 31 experts from diverse backgrounds in
occupational health science.

Step 2. First-round questionnaire. The initial
questionnaire was distributed to the expert panel
by email with a link to an online survey platform.
Experts were asked to rate the relevance of each
item on a 5-point Likert scale and to provide addi-
tional comments or suggestions. Responses were
collected over two months. The research team
then analyzed the responses and calculated
statistical measures using a more than 80.0%
confidence level of agreement technique which
meant that the sum of the proportions of levels
4 (agree) and 5 (totally agree) reached at least
80.0% (23).

Step 3. Second round questionnaire. This
modified questionnaire was sent to the same expert
panel. The experts were asked to review the group’s
responses and initial ratings, reconsider their
responses, and potentially revise their judgments.
This round allowed experts to clarify their views
and help the study move towards a consensus. The
responses were collected and analyzed.

Step 4. Consensus determination. After the
second round, final analyses were conducted to
determine which items had reached consensus
based on an 80% confidence level of agreement
technique. The final output was a consensus- based
audit tool for the clinical aspects of occupational
health services.

Step 1.

15t Questionnaire Construction
by literature review: 7 domains with 71 items

Pre-testing of questionnaire

Expert panelist

A 4

5 groups; 31 experts

A4

v

Step 2.

1 round agreement among experts

(online survey)

Consensus analysis and

modification to questions

A4

Step 3.

2 round agreement among

experts
(online survey)

Reconsideration of items

and consensus confirmed

Step 4.

A 4

A 4

Audit tool for
clinical aspects of OHS
7 domains with 61 items

Figure 1. The modified Delphi method used in this study
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Expert panel selection

The panel of 31 experts were purposively
sampled. The number of experts was calculated
according to the minimum required number of
participants for the modified Delphi technique in
order to detect the slightest discrepancy of opinion
among 17 people (24). Experts were recruited
from the USA, Bulgaria, Malaysia, Singapore, the
Philippines, Indonesia, and Thailand. The expert
panelists consisted of experts with the qualifica-
tion of having experience in their position and
specialization for at least 5 years and were clas-
sified into 5 groups: 1) individuals who had prac-
ticed in roles and positions of management, 2)
occupational health physicians (OHP) working
at a hospital /occupational medicine clinic, 3)
OHPs working at a company, 4) individuals with
an academic background relating to occupational
health studies, and 5) individuals working as an
auditor in quality assessment or on evaluations of
occupational health and safety.

Research tools

There were two questionnaires: the first-round
questionnaire was comprised of questions re-
garding the experts’ background and ratings of
domains and activities of clinical OHS; the second-
round questionnaire was comprised of ratings and
consensus measurements of domains and activities
of clinical OHS.

The first-round questionnaire was developed
based on a comprehensive literature review to
identify key concepts and current knowledge in
the field of OHS. Based on this review, the ques-
tionnaire was developed, focusing on 7 domains:
policy management, fitness for work evaluation,
medical surveillance program, return to work
evaluation, occupational disease management,
first-aid and medical emergency preparedness,
and health promotion. The questionnaire was
divided into 7 domains with a total of 71 activities.
The questionnaire validity test was performed by
3 validators who were occupational physicians
but not researchers. Item objective congruence
(IOC) was used to assess the questionnaire content
validity. An IOC index between 0.5 and 1.00 sug-
gests that the question is acceptable (25).

The second-round questionnaire was devel-
oped by incorporating the statistical summary of
the first-round responses and modifications to
the items suggested by the experts.

Biomedical Sciences and Clinical Medicine 2025;(3):200-211.

Data collection

An online survey platform was sent to each
panel member through an invitation email with a
link to both questionnaires. The email requested
the participant’s consent to participate, and the
responses were recorded anonymously. Each of
the two rounds lasted two months, with three
reminder emails sent to the panelists to remind
them to complete the questionnaire.

Data analysis

The demographics of the experts were analyzed,
and their expertise and years of workplace
experience were evaluated. The consensus agree-
ment was analyzed using a 5-point Likert scale
for each item. The questions were analyzed using
an agreement technique with a confidence level
of > 80.0% for both questionnaire rounds. Data
was analyzed using IBM SPSS Statistics, version
28.0 (IBM Corp., Armonk, NY, USA). Consensus on
the audit tool was achieved after two rounds of the
agreement technique. All domain questions were
used to construct the audit tool for clinical OHS.

Ethical considerations

Ethical approval for this study (HE661325) was
obtained from the Ethics Committee of Khon
Kaen University. This study was exempt from
review by the institutional review board, and
the data were collected anonymously and were
uninfluenced by the research team.

RESULTS

The results comprised the demographic data
of the experts, the first and second rounds of
agreement of experts on the clinical activities in
OHS, and consensus on the audit tool for clinical
occupational health services.

The demographic data of experts

A total of 31 experts from seven countries
(Thailand (13), Singapore (6), Malaysia (5), the USA
(4), Bulgaria (1), Indonesia (1), and the Philippines
(1)) were included in the study to ensure diverse
perspectives. The experts’ demographic data
were categorized according to their roles and
sectors. Managerial experts were from hospitals,
governments, and universities. Hospital experts
were exclusively from hospital settings. All company
experts were from private companies. Academic
experts were from university settings. The auditors
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were from hospitals, private companies, govern-
ments, and universities. Each group had varying
years of experience (Table 1).

The first and second rounds of agreement of
experts in the clinical activities of OHS

In the first round of agreement, the experts
completed a questionnaire on OHS activities. In
the second-round agreement, the experts recon-
firmed and modified non-consensus questions.
The results of both questionnaires are presented
(Table 2). The full statistical results and the final
audit tool are provided in the supplementary
materials.

Domain 1 - Policy Management: Consensus
was achieved on all four activities (100.0%). In
the first round, the experts showed strong
agreement on the fundamental aspects of policy
management, including comprehensive OHS
policies, effective communication, policy-aligned
activities, and oversight committees. In the second
round, consensus was reached on all four key
items: company policy covering OHS, policy
communication, activity implementation, and the
establishment of an oversight committee.

Domain 2 - Fitness for work (FFW) assessment:
A consensus was reached in 6 out of the 7 activities
(85.7%) including the need for job classification
and job-specific examinations, particularly for
safety-sensitive positions, with the agreement of
the OHP. It was noted that there is also a need
for documentation and privacy control of the
records. In addition, employee immunization
management was included as optional for specific
industries, e.g., healthcare, livestock, and food.

Domain 3 - Medical Surveillance: The data
showed that all 13 activities (100.0%) reached a
consensus regarding the medical surveillance

Table 1. Demographic data of experts

programs being conducted using a hazard-based
design by a multidisciplinary team. Surveillance
would start with identifying and reviewing the
hazards, followed by health risk assessment, regu-
lar medical evaluation, followed by interpretation
by the OHP. If abnormal results were presented,
after the evaluation actions and re-evaluation of
the workplace were to be performed.

Domain 4 - Return to Work (RTW) assessment:
Consensus was reached for 5 out of the 7 activities,
including requirements for RTW indications and
OHP evaluation of the relationship between health
and work, and suggesting any job alterations or
other recommendations as needed. The evalua-
tion should include physical and psychosocial
conditions and should establish distinctive
management approaches for work-related and
non-work-related health conditions.

Domain 5 - Occupational Disease Management:
The results showed that a consensus was reached
on 8 of 10 activities (80.0%). Those activities focused
on employee education regarding health risks,
early screening systems, referral programs, and
providing information about compensation and
benefits as well as management systems for
employers, such as the investigation of and
reporting systems for occupational diseases.

Domain 6 - Medical Emergency Preparedness:
The results demonstrated that consensus was
achieved in this domain in 13 out of 15 activities
(86.9%). Emergency preparedness requirements
covered first-aid protocols and training as well
as emergency planning to anticipate all risks,
including safety and medicalissues. The emergency
plan included a referral system, equipment
preparation, regular training, and continuous
improvement.

Workplace of experts Years of
Expertise groups Number Hospital Privat: G t Uni it D
P P of experts ospi rivate overnmen niversity .o 4o
company sector (IQR)
Managerial position 6 3 - 1 2 13.5 (8-20)
Hospital-based OHP 7 7 - - - 8.0 (7-12)
Company-based OHP 6 - 6 - - 13.5 (6-35)
Academic OM 6 - - - 6 15.5 (8-25)
Auditor 6 1 3 1 1 17.0 (17-20)

OHP, occupational health physicians; OM, occupational medicine
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Table 2. Expert agreements on each domains and components of clinical occupational health services audit tool

Sum of proportions of

level 4 and 5
Occupational health services (OHS) activities Consensus
1tround 2" round

n=31(%) n=31(%)

Domain 1 Policy management

1.1 A company has a policy covering occupational health services 100.0 100.0 Yes
1.2 A company communicates the policy throughout the company 100.0 100.0 Yes
1.3 A company implements and plans activities according to the policy 100.0 100.0 Yes
Domain 2 Fitness for Work Examination (FFW)
2.1 Employees get FFW examination according to their job titles or similar 96.8 90.3 Yes
exposure group (SEG) determined by occupational health physician
2.2 A company has jobs that qualify as safety sensitive job e.g. working in con- 93.6 96.8 Yes

fined space, at heights, driver, or handling toxic, corrosive, or explosive
materials that should have fit for work examination

2.3 Occupational health physicians conclude the FFW examination 100.0 100.0 Yes
Domain 3 Medical Surveillance Program

3.1 The medical surveillance team designs the medical surveillance program 100.0 100.0 Yes
according to the result of hazard identification and health risk assessment

3.2 A company performs medical surveillance program regularly according 100.0 100.0 Yes
to the health hazard

3.3 Occupational physicians evaluate and interpret the results, correlating 100.0 100.0 Yes
them with the exposure

3.4 A company provides medical removal action and follow up examination in 96.8 93.6 Yes

employees with abnormal results

Domain 4 Return to work assessment (RTW)

4.1 A company has documents indicating which conditions, diseases, or injuries 90.3 87.1 Yes
to do RTW examination

4.2 A company evaluates individuals based on their health and psychosocial 96.8 100.0 Yes
condition, medication, and job demand

4.3 The physicians provide a Return-to-work certification with recommen- 100.0 96.8 Yes
dation of job modification if necessary

4.4 Old - The return-to-work evaluation is done by occupational health phy- 774 87.1 Yes

sicians, or occupational health doctor, or employees’ attending physicians

Modify - The return-to-work evaluation can be done by employees’ attend-
ing physicians but should be re-evaluate by occupational health doctor
for the appropriate recommendation

Domain 5 Screening, Diagnosis, and Treatment of occupational diseases

5.1 A company set a system to trigger a screening for early detection of occu- 96.8 100.0 Yes
pational or work-related diseases
5.2 Old - A company assigns supervisors to be able to detect employees’ 54.8 67.7 No

health condition
Modify - Supervisors are aware of the existing health hazard in the workplace

Domain 6 First aid and medical emergency preparedness

6.1 A company assigns first-aiders according to the local authorities 96.8 96.8 Yes

6.2 A company trains first-aid practice to supervisors and employees 96.8 90.3 Yes

6.3 A company maintains readiness of the first-aid equipment and facilities 100.0 96.8 Yes

6.4 A company recognizes possible emergencies from workplace health hazards 96.8 100.0 Yes
and makes emergency plan accordingly

6.5 A company exercises the emergency plan both discussions based, and 100.0 100.0 Yes
operation based

6.6 A company trains Basic life support to employees, annually 67.7 74.2 No

Domain 7 Health promotion

7.1 The information providers are knowledgeable and qualified to give the 90.3 100.0 Yes
information

7.2 A company recognizes the health problems among the employees 93.6 90.3 Yes

7.3 A company provides information about health promotion and wellness 96.8 93.6 Yes

including non-occupational injury and illness management
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Table 3. Summary of consensus analysis of the audit tool

Consensus activities

Domains n (%)

All activities Range of consensus

on items (median)

1. Policy management 4 (100.0) 4 100-100 (100.0)
2. Fitness for work assessment 6 (85.7) 7 74.2-100 (96.8)
3. Medical surveillance program 13 (100.0) 13 80.7-100 (100.0)
4. Return to work assessment 5(71.4) 7 64.5-100 (87.1)
5. Occupational diseases management 8(80.0) 10 61.3-100 (100.0)
6. Medical emergency preparedness 13 (86.9) 15 74.2-100 (96.8)
7. Health promotion 4(66.7) 6 58.1-100 (85.5)

Domain 7 - Health Promotion: Four out of six
activities (66.7%) reached consensus, including
the implementation scale of health promotion,
recognizing health problems, providing informa-
tion on health and wellness, evaluating employees,
and organizing intervention programs.

In summary, as shown in Table 3, the policy
management and medical surveillance program
domains achieved the highest consensus, with
all activities in these domains reaching 100%,
reflecting unanimous agreement among the
participants on their importance. Both domains
also exhibited a narrow consensus range across
individual items, with a median of 100.0%, under-
scoring consistent prioritization. In contrast, the
FFW, occupational disease management, and
medical emergency preparedness domains
reached consensus levels of 85.7%, 80.0%, and
86.9%, respectively, demonstrating strong agree-
ment but with slightly broader ranges of con-
sensus for individual items. The lowest levels of
consensus were observed in the RTW and health
promotion domains, with 71.4% and 66.7% con-
sensus, respectively. These findings indicate a
more significant variability in the perceived im-
plementation of activities within these domains,
as reflected in their broader consensus ranges
(median values of 87.1% and 85.5%, respectively).
This analysis highlights the variability in consen-
sus across the seven domains, suggesting differing
levels of agreement on their criticality and imple-
mentation in occupational health.

Additionally, experts offered diverse insights
across the seven OHS domains. Overall, there was
a strong consensus on the importance of OHP in-
volvement in fitness-for-work evaluations, medical
surveillance, and return-to-work processes.
Company-based OHPs emphasized the need for
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context-specific approaches, particularly in policy
management and emergency preparedness, re-
flecting differences in organizational size, re-
sources, and risk profiles. Academics and auditors
tended to stress the integration of clinical quality
and balanced emphasis on health and safety, while
management and company-based OHPs focused
more on operational feasibility. Health promotion
was widely acknowledged as beneficial, but was
consistently recommended only after core pro-
tection measures were in place. These perspec-
tives help inform a more nuanced understanding
of practical implementation challenges across
various occupational settings (Table 4).

DISCUSSION

The modified Delphi technique was used to
develop a comprehensive audit tool for evaluating
the quality of clinical OHS in corporate settings.
While maintaining anonymity and iteration with
controlled feedback, the diverse expert panel
reached a high level of consensus, supporting
the tool’s relevance and potential alignment with
established practices.

OHS policies differ significantly across coun-
tries owing to variations in regulatory frameworks,
cultural contexts, and economic conditions. In
countries such as the USA (8) and Singapore (10),
OHS regulations are well-defined and strictly en-
forced, focusing on workplace safety and health
promotion, including mental health initiatives. In
particular, Singapore is notable for integrating
occupational health with broader public health
systems and promoting wellness alongside tradi-
tional safety measures. In contrast, Thailand (26),
and the Philippines (27) face challenges in en-
forcement, with OHS practices primarily concen-
trated on meeting basic regulatory requirements,
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Table 4. Additional comments from experts on each domain

Academics

. Occupational
Domains Management level Hospital based Company based fm Occupa Health and
OHP OHP tional Health .
. Safety Auditors
Sciences
1. Policy Manage- Policy /planning Internal audit Robust govern- Should inte- Audit should be
ment must be edited by depends on ance from the grate clinical equitable in all
occupational health company size/ executives and quality into areas, the OHS

2. Fit for work
assessment

3. Medical Surveil-
lance Program

4. Return to work
assessment

5. Occupational
diseases manage-
ment

6. Emergency
preparedness

services (OHS) team
and worker rep-
resentative before
presenting to
executives, they may
lack the knowledge
of the OHS

occupational health
physicians (OHP)
should be the one
to do Fitness for

work (FFW)

Special exams must
include specific
diagnostics based
on worker histories

Company should
assist unfit
employees to trans-
fer to appropriate
work; by having
discussions
between employer,
employee, and the
OHP

All top management
should be aware of
workplace health
hazards and expo-
sure risks

Need specific
details on facility
accessibility, con-

type; more rel-
evant for large
hazardous
companies

Functional
capacity evalua-
tion (FCE) only for
impaired employ-
ees in safety-
sensitive jobs

Design team must
include OHP (in-
house/external)
and the proce-
dure should be
written clearly

Return to work
(RTW) should be
done by OHP,
early return to
work can best
benefit the
worker

No specific com-
ment provided

No specific com-
ment provided

internal oversight
were needed but
depending on
company resources
and understand-
ings from the
employer.

FFW must be risk-
based and job-
specific; no one-
size-fits-all tests

OHP should work
with organization
representatives
for understanding
hazards and the
implementation of
the program

Need clear policy
for RTW and dif-
ferent handling for
work vs non-work
conditions, the
work adaptation
should be done

to shorten lost
workdays

Supervisors should
identify concerning
behaviours, not
diagnosing condi-
tions

Response guar-
antees should not
be set, it can be

holistic control

FCE can be
outsourced, or
could consider
trade tests as
FCE alternative

Can outsource
to third party
but must
include OHP

No specific
comment
provided

Can use gen-
eral screening
questionnaire
in screening
or follow local
guidelines

Transport can
be outsourced;
consider

should have
equal weightage
to safety and the
boards should
be aware of the
importance of
the OHS

FCE /trade tests
were important
for objective
assessment

OHP and
safety officer
were needed
to design the
program

Must be han-
dled by trained
personnel or
OHP
considering
company
policies

Medical
personnel
should evaluate
health, not
supervisors

Employer
should decide
provisions based

sidering distance / varied by company limitations for  on multiple
time and clinical hazards/size small enter- factors e.g.
guidelines for golden prises hazards, safety
period risks
7. Health Promotion Itisaprimary pre- Itisa preventive Promoting health  Health Health promo-

vention; align with  service; it can and lifestyle can promotion is tion is a part of
Universal Health include only benefit on a part of basic  prevention and
Care, but it should = company- productivity and OH can improve
be done after controlled financial returns productivity
satisfying all core aspects
workers protection.
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which are often limited to physical safety and
medical surveillance, without addressing broader
health promotion or mental well-being issues.

In addition, across the seven domains covered
by the tool, consensus was achieved on 53 of 62
individual audit activities, with agreement ex-
ceeding 80.0% in each case. This strong consensus
underscores the validity of the tool and its con-
cordance with established OHS guidelines of
leading organizations, including the ILO Conven-
tions and Recommendations (28, 29), the Ameri-
can Medical Association (30), and the WHO (31).

The experts reached unanimous consensus
(100.0%) in the policy management domain. The
results showed three critical activities that scored
100% agreement in both rounds: policy estab-
lishment, communication throughout the organi-
zation, and systematic implementation of activities.
Employers must provide OHS (28) and manage-
ment-level and company-based OHP experts
advocated executive involvement in policy develop-
ment. However, they also commented on execu-
tives’ lack of expertise and understanding of
OHS, highlighting the need for leadership-level
education and training. This was evidenced by a
study of Japanese companies, where only 12 out of
267 responding companies fully integrated occu-
pational health elements into their OSHMS, with
over 50.0% of companies which were planning
implementation being uncertain about how to
incorporate occupational health activities, demon-
strating a significant knowledge gap at the man-
agement level (32). In addition, hospital-based
experts recommended scaling requirements
based on the company size and hazard levels.
Lau et al. (33) demonstrated how standardized
policies might not effectively account for varying
operational capacities and clinical demands
across healthcare settings.

In examining the second domain, FFW assess-
ment, an 85.7% consensus was reached, estab-
lishing crucial requirements for job-specific
examinations. The experts agreed on three key
elements: examination protocols based on job
titles or similar exposure groups; special attention
to safety-sensitive positions, e.g., confined spaces,
heights, driving, or handling hazardous materials
(34); and oversight by occupational health physi-
cians. The consensus in this domain emphasized
the critical role of occupational health physicians
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including FFW examinations. As supported by the
ACOEM’s core competency of OHP, OHP should
have the knowledge and skills to determine whether
workers can safely be at work and perform the
required job tasks (35).

Medical surveillance revealed the highest con-
sensus (100.0%) among the panelists. The core
requirements outlined in the tool were hazard-
based program design, regular monitoring, and
OHP result interpretation. Surveillance is a key
indicator of exposure control effectiveness and
triggers early intervention, thereby reducing
the burden of occupational illness. This was
demonstrated in both the reviewed studies. Man-
danach’s analysis showed how effective surveil-
lance enabled the monitoring of occupational
disease prevalence and the adoption of preven-
tive measures (36).

In contrast, Sen et al.’s comparative analysis
revealed that countries with robust surveillance
systems were better able to identify high-risk
areas and implement targeted prevention programs,
ultimately reducing the occupational disease
burden through early intervention (37). Moreover,
expert consensus on effective medical surveil-
lance requires close collaboration between occupa-
tionalhealth professionals and safety specialists.
As Murthy emphasized, maintaining a safe and
healthy workplace requires integrated expertise
from all occupational health domains, including
industrial hygienists, safety officers, occupational
health nurses, and practicing physicians (38).

The fourth domain, RTW assessment, reached a
71.4% consensus, reflecting divergence in imple-
mentation approaches. The agreed components
included documentation of qualifying conditions,
comprehensive individual evaluation considering
health and psychosocial factors, and physician
certification with modification recommendations.
The experts emphasized the need for OHP recom-
mendations to ensure that the workplace context
was adequately considered. This collaborative
approach aligns with the research by Tan et al.,
who demonstrated through case evidence that
a successful return to work requires careful
evaluation of functional impairment against job
demands and workplace capabilities (39). Addi-
tionally, Nastasia et al. found that even in resource-
limited settings, such as SMEs, early return with
informal but monitored task modifications could
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be effective when adequately supported by occu-
pational health professionals, leading to better
outcomes and faster recoveries (40). Both studies
reinforced the experts’ view that OHPs are crucial
in bridging the gap between medical care, work-
place capabilities, and worker needs during the
return-to-work process.

Occupational disease management achieved an
80.0% consensus, focusing on two core elements:
implementing early detection systems and en-
hancing workplace hazard awareness. Based on
the established legal principles outlined by Hen-
shaw et al., employers bear the primary responsi-
bility for worker protection because they control
work methods and conditions (41). Griffin noted
that this requires management and supervisor
training to recognize work-related illness signs
to help ensure prompt response and impact miti-
gation (42). The expert panelists emphasized that
integrating these elements with regulatory com-
pliance and voluntary prevention measures was
critical for program success.

Medical emergency preparedness showed a
strong consensus (86.9%) across five key areas:
first-aid assignment, training programs, equip-
ment maintenance, emergency planning, and
exercise programs. Experts also commented on
the need for flexibility in setting response time
standards based on the specific hazards present
and the accessibility of emergency medical ser-
vices. These practices emphasize the importance
of a well-rehearsed and adaptable emergency
response capability. According to a systematic
review by Dagrenat et al.,, workplace first-aid
practices and standards showed significant varia-
tions in regulation, organization, and training
requirements. These differences highlight the need
for emergency response capabilities that adapt
to local contexts while maintaining core training
standards. That study found that despite the uni-
versal recognition of the importance of workplace
first aid, countries lacked uniform recommenda-
tions, enabling flexible implementation (43).

Health promotion received the lowest consen-
sus among the domains evaluated (66.7%), despite
expert acknowledgment of its significance in dis-
ease prevention and productivity enhancement.
Some management-level respondents advocated
prioritizing traditional occupational health pro-
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tection over health promotion. This perspective
aligns with the hierarchical framework of occu-
pational health services (OHS) proposed by Gui-
dotti et al., who conceptualized health promotion
as an extension of the basic occupational medi-
cal care (30). Emerging frameworks, such as the
Total Worker Health (TWH) approach developed
by the National Institute for Occupational Safety
and Health (NIOSH), advocate the integration
of health protection and promotion. The TWH
model emphasizes that comprehensive strategies
are essential for optimizing worker well-being.
Incorporating these elements into OHS reduces
healthcare expenditures and enhances overall
employee productivity and quality of life within
and beyond the workplace (44).

This systematic approach to clinical occupa-
tional health service audits fills significant gaps in
existing standards, such as SEQOHS (14), ACOEM
(15), and WHO guidelines (31), particularly in ad-
dressing detailed clinical quality metrics. It also
serves as a practical instrument for organizations
to ensure compliance with Thailand’s ministerial
regulation on employee health examinations (12).
The tool provides practical guidance and supports
continuous quality improvement in OHS delivery.

Strengths and limitations

The strength of this study lies in its compre-
hensive coverage of seven key domains of clinical
OHS, offering a comprehensive approach to eval-
uating and improving service delivery. A strong
consensus (80.0% agreement) on essential activ-
ities across these domains further validates the
tool’s reliability. Additionally, the tool emphasizes
continuous quality improvement, providing a
structured framework for organizations to assess
and refine their OHS practices over time.

A limitation of the study was that it focused
primarily on organizational settings but was not
suitable for informal workers’ settings. Additionally,
cultural and regional variations in occupational
health practices may not be fully represented.
This tool may require significant adaptation to
different national regulatory contexts. Moreover,
the study did not include field testing of the audit
tool in a real-world setting. Therefore, audit tools
should be pretested and modified according to
the country’s practices.
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Recommendations

Companies can use the audit tool to help pro-
vide a quality OHS to their employees. These
implications extend to service delivery, manage-
ment approaches, and potential outcomes for
holistic employee healthcare. This tool can serve
as a basis for developing or enhancing OHS pro-
grams and facilitating dialogue between man-
agement, health professionals, and workers. The
tool is designed to be flexible, allowing for adap-
tation to different organizational contexts and
sizes. This tool enables organizations to identify
strengths and gaps in their clinical occupational
health services, promote consistency in service
delivery, and support continuous quality im-
provement. A phased implementation approach
is recommended, starting with the core activities
that reached a high level of consensus.

CONCLUSIONS

Clinical OHS audit tools may include 7 domains:
policy management, medical assessment for FFW,
medical surveillance programs, medical assess-
ment for RTW, occupational disease manage-
ment, medical emergency preparedness, and
health promotion. These domains established a
comprehensive framework including valuable
insights from experts from diverse professional
backgrounds and OHS settings. This diversity of
perspectives contributes to a more robust and
practical audit tool that balances ideal practices
with real-world implementation possibilities.
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Audit tool - Prototype

This audit tool aims to evaluate the clinical part of occupational health services

provided in companies. It can be used as a recommendation or a guideline in operating

occupational health services. However, the need to comply with local authorities is still

needed as a fundamental practice. [Evaluation- Yes/No]

Occupational health services activities

OHS activities

Evaluation

Domain 1 Policy management

1.1 A company has a policy covering occupational health services
1.2 A company communicates the policy throughout the company
1.3 A company implements and plans activities according to the policy

14 A company has a committee overseeing the implementation of the policy

Domain 2 Fit for Work examination (FFW)

2.1 Employees get FFW examination according to their job titles or similar
exposure group (SEG) determined by occupational health physician

2.2 A company has jobs that qualify as safety sensitive job e.g. working in
confined space, at heights, driver, or handling toxic, corrosive, or
explosive materials that should have fit for work examination

2.3 Occupational health physicians conclude the FFW examination

2.4 A company shows evidence of a system for employees’ health record
keeping including informed consent from employees and accessibility
control of the records

2.5 A company documents FFW examinations results and keeps them
individually for further reference

Optional for this domain

2.6 A company requires specific testing, e.g. functional capacity evaluations
(FCE) or trade test, to evaluate employees in the safety sensitive job

2.7 A company reviews immunization status and provides prophylaxis
vaccination for employees (health services, food industry, or livestock
industry)

Domain 3 Medical Surveillance Program

3.1 A company shows evidence of a mechanism process to get hazard
identification and health risk assessment

3.2 A company reviews all the information from the safety data sheet and
industrial hygiene data




OHS activities

Evaluation

3.3 The medical surveillance team designs the medical surveillance program
according to the result of hazard identification and health risk
assessment

3.4 A company performs medical surveillance program regularly according
to the health hazard

3.5 A company performs the medical examination in an appropriate location |

3.6 Occupational physicians evaluate and interpret the results, correlating
them with the exposure

3.7 A company reports the results to the employees |

3.8 A company provides reconfirmation and diagnosis to employees with
abnormal results

3.9 A company provides medical removal action and follow up examination
in employees with abnormal results

3.10 A company reevaluates work environment and control measures

3.11 A company makes changes by hierarchy of control according to the
information from the evaluation (from 3.10)

3.12 A company documents and keeps the examination results according to
their health hazard exposure group for further reference

3.13 A company has a medical surveillance design team which should include
at least: 1) human resources or safety officers, 2) occupational health
professionals, and 3) supervisors

Domain 4 Return to work assessment (RTW)

4.1 A company has documents indicating which conditions, diseases, or
injuries to do RTW examination

4.2 A company evaluates individuals based on their health and psychosocial
condition, medication, and job demand

4.3 The return-to-work evaluation is done based on scientific /relevant
organization guidelines (e.g. AMA)

4.4 The physicians provide a Return-to-work certification with
recommendation of job modification if necessary

4.5 The return-to-work evaluation can be done by employees’ attending
physicians but should be re-evaluated by occupational health doctor for
the appropriate recommendation

4.6 A company attempts to alter the job based on recommendations, and the
supervisors and safety officers are aware of the need and make the
changes as practical and appropriate as possible.

4.7 A company advices and assists on compensation and vocational
rehabilitation for employees who are unfit to work

Domain 5 Occupational diseases management

5.1 A company educates employees about their hazards and possible health
risks and how to prevent and manage the risks




OHS activities

Evaluation

5.2 A company set a system to trigger a screening for early detection of
occupational or work-related diseases

5.3 A company has a referral program to the specialist for employees with
occupational diseases or injuries

5.4 A company documents the referral

5.5 A company provides information about compensation, or disabilities
benefits to the employees

5.6 A company provides an investigation report of occupational disease or
injuries

5.7 A company uses the investigation report to propose actions and act
accordingly with follow-up inspection and evaluation of the changes

5.8 A company reports cases in compliance with the local regulations

5.9 A company has general screening questionnaires for screening and early
detection of occupational diseases

5.10 Supervisors are aware of the existing health hazard in the workplace

Domain 6 First aid and medical emergency preparedness

6.1 A company assigns first-aiders according to the local authorities
6.2 A company trains first-aid practice to supervisors and employees
6.3 The BLS trainers are qualified or certified for first-aid training

6.4 A company observes and documents or records the training session,
results, and evaluation of the first-aid training

6.5 A company maintains readiness of the first-aid equipment and facilities
6.6 A company has a referral system for emergency condition
6.7 A company provides medical forms and contact people for referral system

6.8 A company provides transportation with capabilities of transferring
patients

6.9 A company recognizes possible emergencies from workplace health
hazards and make emergency plan accordingly

6.10 A company provides appropriate PPE and treatment for the anticipated
medical emergency

6.11 A company assigns roles of Incident Command System and Emergency
Operation Center to employers and employees

6.12 A company exercises the emergency plan both discussions based, and
operation based

6.13 A company discusses and makes improvement of the plan after the
exercise

6.14 A company trains Basic life support to employees, annually

6.15 A company has prepared a process of transferring emergency patients
promptly.




OHS activities

Evaluation

Domain 7. Health promotion

7.1 The information providers are knowledgeable and qualified to give the
information

7.2 A company recognizes the health problems among the employees

7.3. A company provides information about health promotion and wellness
including non-occupational injury and illness management

7.4 A company provides health promotion based on employees age group and
common problems

7.5 A company has intervention program to support employees’ behavior
changes

7.6 A company evaluates employees after the program




Statistical Results and Consensus Analysis of each item

Occupational health services activities

OHS activities

1St
round

2nd
round

Consensus

Domain 1 Policy management

11

A company has a policy covering occupational
health services

100

100

Yes

1.2

A company communicates the policy throughout
the company

100

100

Yes

1.3

A company implements and plans activities
according to the policy

100

100

Yes

1.4

A company has a committee overseeing the
implementation of the policy

96.8

100

Yes

Domain 2 Fit for Work examination (FFW)

2.1

Employees get FFW examination according to
their job titles or similar exposure group (SEG)
determined by occupational health physician

96.8

90.3

Yes

2.2

A company has jobs that qualify as safety
sensitive job e.g. working in confined space, at
heights, driver, or handling toxic, corrosive, or
explosive materials that should have fit for work
examination

93.6

96.8

Yes

2.3

Occupational health physicians conclude the
FFW examination

100

100

Yes

2.4

A company shows evidence of a system for
employees’ health record keeping including
informed consent from employees and
accessibility control of the records

96.8

100

Yes

2.5

A company documents FFW examinations results
and keeps them individually for further reference

96.8

100

Yes

2.6

Old - A company has special tests or functional
capacity evaluations to evaluate the employees in
the safety sensitive job

Modify - A company requires specific testing, e.g.

functional capacity evaluations (FCE) or trade
test, to evaluate employees in the safety sensitive
job

58.1

74.2

No

2.7

Old - A company reviews employee’s
immunization status (optional, used in company
that requires immunization e.g. health services,
food industry, or livestock industry)

Old - A company provides fundamental and
prophylaxis vaccinations to the non-immune
employees (optional, used in company that
requires immunization e.g. health services, food
industry, or livestock industry)

774
74.2

96.8

Yes




OHS activities

1St
round

an
round

Consensus

Modify - Optional, a company reviews
immunization status and provides prophylaxis
vaccination for employees (health services, food
industry, or livestock industry)

Domain 3 Medical Surveillance Program

3.1 A company shows evidence of a mechanism
process to get hazard identification and health
risk assessment

93.6

100

Yes

3.2 A company reviews all the information from the
safety data sheet and industrial hygiene data

100

96.8

Yes

3.3 The medical surveillance team designs the
medical surveillance program according to the
result of hazard identification and health risk
assessment

100

100

Yes

3.4 A company performs medical surveillance
program regularly according to the health hazard

100

100

Yes

3.5 A company performs the medical examination in
an appropriate location

96.8

100

Yes

3.6 Occupational physicians evaluate and interpret
the results, correlating them with the exposure

100

100

Yes

3.7 A company reports the results to the employees

96.8

100

Yes

3.8 A company provides reconfirmation and
diagnosis to employees with abnormal results

96.8

87.1

Yes

3.9 A company provides medical removal action and
follow up examination in employees with
abnormal results

96.8

93.6

Yes

3.10 A company reevaluates work environment and
control measures

100

100

Yes

3.11 A company makes changes by hierarchy of
control according to the information from the
evaluation (from 3.10)

100

100

Yes

3.12 A company documents and keeps the
examination results according to their health
hazard exposure group for further reference

100

96.8

Yes

3.13 Old - A company has a team in designing the
medical surveillance program
Old - the team members consist of safety officer
and occupational health professionals and
industrial hygienist and production team
representatives
Modify - A company has a medical surveillance
design team which should include at least: 1)
human resources or safety officers, 2)
occupational health professionals, and 3)
supervisors

74.2
71.0

80.7

Yes




OHS activities

1St
round

an
round

Consensus

Domain 4 Return to work assessment (RTW)

4.1

A company has documents indicating which
conditions, diseases, or injuries to do RTW
examination

90.3

87.1

Yes

4.2

A company evaluates individuals based on their
health and psychosocial condition, medication,
and job demand

96.8

100

Yes

4.3

The return-to-work evaluation is done based on
scientific /relevant organization guidelines (e.g.
AMA)

100

100

Yes

4.4

The physicians provide a Return-to-work
certification with recommendation of job
modification if necessary

100

96.8

Yes

4.5

Old - The return-to-work evaluation is done by
occupational health physicians, or occupational
health doctor, or employees’ attending
physicians

Modify - The return-to-work evaluation can be
done by employees’ attending physicians but
should be re-evaluate by occupational health
doctor for the appropriate recommendation

774

87.1

Yes

4.6

Old - A company alters the job based on the
recommendation

Old - A company provides supervisor feedback
after the job modification

Modify -A company attempts to alter the job
based on recommendations, and the supervisors
and safety officers are aware of the need and
make the changes as practical and appropriate as
possible.

71.0
79.0

74.2

No

4.7

Old - A company provides information about
vocational rehabilitation for employees unfit to
work

Old - A company provides information about
compensation for employees who are unfit to
work

Modify - A company advice and assists on
compensation and vocational rehabilitation for
employee who are unfit to work

64.5
74.2

64.5

No

Domain 5 Screening, Diagnosis, and Treatment of occupational diseases

5.1

A company educates employees about their
hazards and possible health risks and how to
prevent and manage the risks

96.8

100

Yes

5.2

A company set a system to trigger a screening for
early detection of occupational or work-related
diseases

96.8

100

Yes




OHS activities

1St
round

an
round

Consensus

5.3

A company has a referral program to the
specialist for employees with occupational
diseases or injuries

96.8

100

Yes

54

A company documents the referral

96.8

100

Yes

5.5

A company provides information about
compensation, or disabilities benefits to the
employees

100

100

Yes

5.6

A company provides an investigation report of
occupational disease or injuries

100

100

Yes

5.7

The investigation report proposes preventive
actions

From previous activities, a company manages or
changes according to the proposal

From previous activities, a company has a follow-
up inspection and evaluation of the changes
Combining above activities

A company uses the investigation report to
propose actions and act accordingly with follow-
up inspection and evaluation of the changes

100
100
100

96.8

Yes

5.8

A company reports cases in compliance with the
local regulations

96.8

93.6

Yes

5.9

Old - A company has specific tests or
questionnaires for screening and early detection
for occupational diseases

Old - A company has specific questionnaires for
screening for specific hazard such as asbestos,
lead, silica, pesticides, or confined space

Modify - A company has general screening
questionnaires for screening and early detection
of occupational diseases

67.7
774

61.3

No

5.10 Old - A company assigns supervisors to be able

to detect employees’ health condition
Modify - Supervisors are aware of the existing
health hazard in the workplace

54.8

67.7

No

Domain 6 First aid and medical emergency preparedn

€ss

6.1

A company assigns first-aiders according to the
local authorities

96.8

96.8

Yes

6.2

A company trains first-aid practice to
supervisors and employees

96.8

90.3

Yes

6.3

The BLS trainers are qualified or certified for
first-aid training

100

96.8

Yes

6.4

A company observes and documents or records
the training session, results, and evaluation of
the first-aid training

100

96.8

Yes

6.5

A company maintains readiness of the first-aid
equipment and facilities

100

96.8

Yes




OHS activities 1=t 2n | Consensus
round | round

6.6 A company has a referral system for emergency 100 100 Yes
condition

6.7 A company provides medical forms and contact 100 100 Yes
person for referral system

6.8 A company provides transportation with 93.6 93.6 Yes
capabilities of transferring patients

6.9 A company recognizes possible emergencies 96.8 100 Yes
from workplace health hazards and makes
emergency plan accordingly

6.10 A company provides appropriate PPE and 100 100 Yes
treatment for the anticipated medical emergency

6.11 A company assigns roles of Incident Command 100 100 Yes
System and Emergency Operation Center to
employers and employees

6.12 A company exercises the emergency plan both 100 100 Yes
discussions based, and operation based

6.13 A company discusses and makes improvement of 100 100 Yes
the plan after the exercise

6.14 A company trains Basic life support to employees, | 67.7 74.2 No
annually

6.15 Old - The available healthcare service is located 58.1 71.4 No
within 10 Kms. 61.3
Old - A company can transfer patients to the
available healthcare service within 10 minutes
Modify -A company sets guarantee duration for
emergency conditions and can practice
accordingly

Domain 7. Health promotion

7.1 The information providers are knowledgeable 90.3 100 Yes
and qualified to give the information

7.2 A company recognizes the health problems 93.6 90.3 Yes
among the employees

7.3. A company provides information about health 96.8 93.6 Yes
promotion and wellness including non-
occupational injury and illness management

7.4 A company provides health promotion based on 90.3 80.7 Yes
employees age group and common problems

7.5 A company evaluates employees after the 74.2 58.1 No
program

7.6 A company has an intervention program to 71.4 64.5 No

support employees’ behavior changes
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INTRODUCTION

ABSTRACT

OBJECTIVE Diabetes mellitus (DM) is a metabolic disease characterized
by persistently high blood sugar levels and has several potential causes.
We aimed to find out whether there are any single nucleotide polymor-
phisms in a particular region of the ATG16L1 gene which are linked to type
2 diabetes.

METHODS A total of forty participants were included in this study; 20
were part of the patient group and had type 2 diabetes mellitus (T2DM),
while 20 were part of the healthy control group. High-resolution melt
(HRM) analysis was used for genotyping along with sequencing for confir-
mation of the results.

RESULTS The melting behavior showed consistent DNA sequence in the
exon 3 of the ATGI6L1 gene in both the patient and the healthy control
groups in the study.

CONCLUSIONS The ATGI6L1 gene does not include any SNPs in the
exon 3 region associated with type 2 diabetes. However, further studies
are needed to determine the role of the autophagy gene in T2DM.

KEYWORDS ATGI16L1, HRM, SNP, T2DM, autophagy

ATGI6L1 also controls the immunological response,

Type 2 diabetes mellitus (T2DM) is a wide-
spread metabolic disease characterized by the
failure of insulin-responsive cells to respond to
insulin or to the insufficient secretion of insulin
by insulin-producing cells. During the disease,
insulin secretion becomes inadequate for glucose
regulation, resulting in hyperglycemia, the hall-
mark of T2DM (1). There is mounting evidence that
genetic factors play a role in susceptibility to type
2 diabetes (2, 3). Autophagy is a cellular process
that eliminates and recycles damaged cellular
components. The ATGI6L1 gene encodes the
ATGI6L1 protein, which is essential for this acti-
vity (4). Along with its function in autophagy,

intracellular trafficking, and inflammation (5).
The ATGI6LI gene is essential for the auto-
phagic process in pancreatic -cells, which is vital
for insulin release and B-cell functionality. (6).
People with diabetes, especially type 2 diabetes,
commonly experience higher levels of oxidative
stress and endoplasmic reticulum stress in their
B-cells, which can be managed by autophagy, a
defensive process that cells employ (7). Auto-
phagy ensures the well-being of B-cells in diabetes
by eliminating damaged organelles and misfolded
proteins. However, p-cell failure and the advance-
ment of diabetes are caused by dysregulated
autophagy, which is observed in diabetic circum-
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stances (8). Several autophagy proteins, including
ATGI6L1, govern autophagosome production,
which degrades and recycles cellular compo-
nents (9). B-cells in T2DM patients have impaired
autophagy resulting in the accumulation of toxic
proteins, which induces endoplasmic reticulum
stress and diminishes B-cell function, thereby
exacerbating insulin resistance and elevated blood
glucose levels (10, 11). This study aimed to investi-
gate specific genetic markers in the selected region
on the ATGI6L1 gene that may be associated with
type 2 diabetes.

METHODS

Subjects. The pilot study consisted of 40 parti-
cipants in total, 20 individuals with T2DM in
the patient group, and the same number in the
healthy control group. Diabetic status was deter-
mined using standards set by the World Health
Organization (12, 13) and based on reports by the
patients’ endocrinologists. Patients with either
type 1 diabetes or other chronic diseases were
excluded from the study. The control group in-
cluded healthy individuals with no history of dia-
betes or related metabolic disorders. They were
recruited from Al-Sader Teaching Hospital, Najaf,
Irag. Before blood collection, we ensured that
patients’ informed consent was obtained.

Ethical approval for conducting this study was
obtained from the College of Medical Technology,
the Islamic University in Najaf (No. 40,1/6 /2024).

The study was carried out in the molecular
laboratories at the Al-Furat Al-Awsat Technical
University and the Islamic University, Najaf, Iraq.
Both groups underwent similar testing proce-
dures, including the collection of blood samples
for genetic and biochemical analysis.

Pre-genotyping. DNA was extracted from
whole blood samples following the manufactur-
er’s protocol (iNtRON Biotechnology, Seongnam,
Korea) as in our previous studies (12, 14). The
primers for PCR were prepared using the stand-

ard method for dilution of stock primers to con-
centrations of 10 pM.

Genotyping. The Rotor-Gene Q RT-PCR sys-
tem (Qiagen, Hilden, Germany) was employed to
carry out high-resolution melt (HRM) analysis
using real-time PCR. Following the instructions
of the kit, 5 uL. of DNA was mixed with 10 pL of
GoTaq® qPCR master mix (Promega), and one pl
each of forward and reverse primers (10 uM) was
subsequently introduced into the mixture. The
final volume was then adjusted to 20 pL. The PCR
program was conducted as follows. The mixture
was preheated to 95°C. Then 40 cycles of the run,
each consisting of three steps (denaturation at
95 °C/25 S, annealing at 58 °C/40 S, and elon-
gation at 72 °C/35 S), were conducted. Primer
sequences are listed in Table 1. After amplifica-
tion, the PCR products were subjected to gradual
melting from 60° to 95 °C at a ramp rate of 0.1 °C
per second as described in our previous study
(14). The melting curves were analyzed using the
Rotor-Gene Q-Pure Detection software (Qiagen,
Hilden, Germany).

Statistical analysis. The GraphPad Prism pro-
gram version 9 for Mac (San Diego, CA, USA) was
used to perform the statistical analysis, using
chi-square and student’s t-test. Qualitative data
are shown as frequencies. The alignment of the
sequencing data was performed using Geneious
Prime software (Biomatters Ltd., Auckland, New
Zealand). The analysis of the melting curves was
carried out with the assistance of the Rotor-Gene
Q-Pure Detection program.

RESULTS

The characteristics of the participants in the
study are summarized in Table 2. The mean age
of the control group was 42.75 and of the study
group was 54.90. The mean duration of diabetes
was 6.733 years and the average body mass index
was 25.95 Kg/m? in the control and 29.71 Kg/m?
in the patient group. Random blood sugar (RBS)

Table 1. Primer sequences of exon 3 of the ATGI6L1 gene

Primer Primer sequence Tm Annealing Amplicon
direction temperature (bp)
Forward CTTCATCTGCCTGGTTTGCC 60 .
Reverse ~ ACCTCCCCACGTTTCTTGTG 60 58°C 135
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Table 2. Characteristics of patient and control groups in the study

Characteristics Control (n=20) Patient (n=20) p-value
Age 42.75 (13.67) 54.90 (13.11) 0.0067
Sex; N (%)
Male 10 (50.00) 11 (55.00) 0.7520
Female 10 (50.00) 9 (45.00)
Duration of diabetes (years) 6.733 (7.35)
Height (m) 174.4 (10.09) 170.1 (11.55) 0.1040
Weight (Kg) 75.40 (14.98) 80.50 (20.63) 0.3770
BMI (Kg/m?) 25.95 (4.65) 29.71 (6.31) 0.0386
RBS (mg/dL) 99.80 (16.90) 183.0 (64.64) < 0.0001
HbAlc (%) 5.11(0.58) 8.00 (2.253) < 0.0001
BMI, body mass index; RBS, random blood sugar
£
E
=
f ¥ T T -. T B T Yt
30.0 80.5 81.0 815 82.0 825 83.0 835 84.0 845

=C

Figure 1. Normalized HRM PCR plot

and HbAlc levels were significantly elevated in
the patient group. The mean RBS in the patient
group was 183.0 mg/dL (SD 64.64) compared to
99.80 mg/dL (SD 16.90) in the control group (p <
0.0001). Similarly, HbAlc levels were significantly
higher in the patient group, with a mean of 8.00%
(SD 2.253) compared to 5.11% (SD 0.58) in the
control group (p < 0.0001).

The region of exon 3 of the ATGI6L1 gene was
explored to pinpoint specific SNPs or mutations
that may play a role in T2DM susceptibility. The
results of HRM show the melting curves that rep-
resent the dissociation of double-stranded DNA
as the temperature increases. The consistent
and smooth downward trend across the samples
reflects a similar melting behavior, with melting
transitions occurring between approximately
80.5 °C and 84.5 °C (Figure 1). The close pattern of
curves in melting profiles between the different
samples indicates there was no change in the se-
quence of this region e.g., no single nucleotide
polymorphisms (SNPs) or other small genetic

214

variations within exon 3 of the ATGI6L1 gene. The
absence of major shifts or distinct outliers in the
melting patterns further emphasizes that exon 3
contains no changes in its sequence that might
influence its function. The lack of deviations in
the melting temperature in this region was fur-
ther confirmed by the sequencing technique
(Figure 2). The alignment of the sequencing data
was compared with the reference sequence of
the ATGI6L1 gene and the analysis confirmed that
the selected region appeared to have remained
largely conserved in the T2DM cohort. This
consistency is consistent with the overlapping
patterns of the HRM melt curves, suggesting that
the ATGI6L1 gene function in type 2 diabetes may
be influenced by factors other than exon 3, or by
more systemic genetics.

DISCUSSION

The ATGI6L1 gene plays a fundamental role in
the process of autophagy, a process which is criti-
cal for maintaining cellular homeostasis. To our
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Consensus
Identity

1.C27_CF.ab1e..

60 80 84

AT CAGAATEAGETAGAAG ARAT G GEBEAALT GAG G ATTAA GEAGEAAGA G GAAGT GAGT CAATTATATAAGAAAEGTG G GGAGS
_________________________________________________________________________________________________|

2.C54_CF.abl e..
3.C68_CFabl e..
A (\ \ A /\ VA | /\ /\ [\ \
4.C117_CF.ab1 ... ATGACAATCAGCTACAAGAAATGGCCCAACTGAGGATTAAGCACCAAGAGGAACTGAC“I’GAATTACACAAGAAACGTGGGGAGG
A ANV L) ! / Y VY b
5.C118_CF.ab1 ... ATGACAATCAGCTACAAGAAATGGCCCAACTGAGGATTAAGCACCAAGAGGAACTGACTGAATTACACAAGAAACGTGGGGAGG

6. ref| NC_0000...

ATGACAATCAGCTACAAGAAATGGCCCAACTGAGGATTAAGCACCAAGAGGAACTGACTGAATTACACAAGAAACGTGGGGAGG

Figure 2. Sequence alignment results for exon 3 of the ATGI6LI gene

knowledge there have been no previous studies
investigating the relationship between ATGI6LI
gene polymorphisms and diabetes patients, and
few studies on the relationship of ATGI6LI1 gene
polymorphisms and other diseases. We conducted
this study to determine whether any of the
expected SNPs were associated with T2DM to ad-
vance a step in the understanding of the genetic
factors that increase T2DM susceptibility and to
help other researchers in their investigations.

ATGI6L1 represents a critical node in various
physiological and pathological processes, one of
which is diabetes. Due to the fact that autophagy
protects cells from oxidative stress, a possible
reason for hyperglycemia might be the failure of
the autophagic mechanism in beta cells which
exacerbates beta cells activity (6). According to
Gao et al.,, the ATGI6L1 gene may play a significant
role as a biomarker in the onset and progression
of diabetic retinopathy (15). That suggests a cru-
cial role of autophagy and, indeed, of the ATG16L1
gene in diabetes. A previous study revealed that
type 2 diabetes patients’ beta cells have abnor-
malities in autophagy (16). We were, however,
unable to identify any genetic polymorphism in
our population of T2DM. This study has some
limitations: the small sample size and that the re-
gion of the ATGI16L1 gene under investigation was
limited to exon 3.

CONCLUSION

Our work is among the initial investigations
exploring the correlation between the ATGI6LI
gene polymorphisms and T2DM. Our results in-
dicate that the ATGI6L1 gene remains a wild se-
quence and contains no SNP in the exon 3 region
that is linked to T2DM patients. Further studies

Biomedical Sciences and Clinical Medicine 2025,64(3):212-216.

with larger sample size on different exons of the
ATGI16L1 gene are needed to determine if any SNP
is associated with T2DM.
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ABSTRACT

OBJECTIVE Musculoskeletal disorders (MSDs) of the hands are increas-
ingly affecting workers in various occupations. They reduce productivity
and cause economic loss. In Thailand, work-related MSDs are considered
underdiagnosed and under-reported. This study aimed to determine the
proportion of three major recognized hand diseases that are work-related
and to examine factors associated with that recognition and work-relatedness.

METHODS This is a cross-sectional study, recruiting and interviewing
patients with carpal tunnel syndrome (CTS), trigger finger (TF), and de
Quervain’s tenosynovitis (DQT) aged 18-65 years old who visited the Hand
Clinic in the Orthopedics Department, Ramathibodi Hospital between 25
October 2023 and 15 March 2024. Patient medical records were reviewed
to determine work-relatedness using NIOSH criteria. Recognition was
determined by taking patient work histories. Logistic regression was used
to examine the associations between work and MSDs, and between rec-
ognition and patients’ factors.

RESULTS A total of 270 patients were included: 127 CTS cases, 96 TF
cases, and 47 DQT cases. Almost two-thirds (63.0%) of the diseases were
attributed to work-related conditions. Factors associated with work-
relatedness of the three diseases were: working for 26 or more hours per
week (adjusted ORs 3.26-4.63), tool use (ORadj 7.92, 95%CI [2.83, 22.17]),
computer use (ORadj 4.72, 95%CI [1.84,12.14]), writing (ORadj 4.88, 95%CI
[1.53, 15.61]), and having a single job (ORadj 10.13, 95%CI [2.59,39.57]). The
proportion of recognition by physicians of the connection between working
history and MSDs was only 13.0%. There were no significant associations
between patients’ personal /work factors and recognition by doctors.

CONCLUSIONS This study showed that 63.0% three common hand diseases
of patients are attributed to work-related conditions, but the recognition
by doctors of that relationship was only 13.0%. Factors associated with
work-relatedness were mostly aspects of patients’ work. The hospital
should improve its system for identifying the work-related MSDs to help
ensure patients receive appropriate health-related welfare and benefits.
Further studies should be conducted to explore means of increasing
physician recognition of work-related MSDs.

KEYWORDS work-related hand disease, carpal tunnel syndrome, trigger
finger, De Quervain’s tenosynovitis
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INTRODUCTION

Musculoskeletal disorders (MSDs) are affecting
an increasing number of workers around the
world. MSDs are associated with reduced work
productivity, resulting in monetary losses both
for the patient and businesses. MSDs caused a
median of eight sick leave days from work annually
in the United States in 2020, longer than the
median of five days due to other non-fatalillnesses
such as digestive or respiratory problems (1). The
global burden of MSDs attributable to occupa-
tional factors was 13.7% of disability-adjusted life
years (DALYs)according to WHO (2). In the United
States, 70 million hospital visits are contributed
to by MSDs annually, as well as an estimated 130
million total healthcare encounters, including
outpatient, hospital, and emergency room visits
(3). The working population accounts for 79.0%
of those MSDs cases, and hands are the most fre-
quently affected organ (4, 5).

The three most common work-related hand
diseases are carpal tunnel syndrome, radial styloid
tenosynovitis (de Quervain’s tenosynovitis), and
chronic tenosynovitis of the hand and fingers
(trigger finger) (6-8). Carpal tunnel syndrome
results from compression or entrapment of the
median nerve in its passage through the carpal
tunnel. The main clinical manifestations are
numbness, pain, and tingling in the thumb, index
finger, middle finger, and the radial half of the
ring finger of the palmar side of the affected hand
(9, 10). The global incidence rate is 23 cases per
1,000 person-years (11). De Quervain’s tenosyno-
vitis is a painful condition that involves tendon
entrapment affecting the first dorsal compart-
ment of the wrist. The main symptom is pain in
the anatomical snuffbox which is made worse by
abduction and/or thumb extension (12, 13). In
2009 The incidence rate in persons older than 40
was 2.0 per 1,000 person-years (14). Trigger finger
symptoms vary from a tender lump at the base
of a finger or thumb, stiffness, and popping to
alocking sensation with finger or thumb movement
(13, 15). The incidence in 2021 was 0.3 per 1,000
person-years, or a lifetime risk of 2.6% in the
general population (16).

These three diseases can often result from
hand-using job tasks such as those involving
extensive hand use (grasping/pinching) and
repeated hand /arm movements (6, 17-19). These
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work-related MSDs (WRMSDs) have become more
prominent as more people work with computers
and other electronic devices (6, 20-22). These
three common WRMSDs have been included
on the List of Occupational Diseases by the Inter-
national Labor Organization since 2010 (23) and
in Thai laws since 2023 (24). Recognition of the
work-relatedness by physicians is important for
detecting and reporting work-related and occu-
pational disease cases, which could help determine
the extent of the disease burden. However, pre-
sently under-reporting of WRMSDs makes it
difficult to determine the extent of the problem (3,
25). This study aimed to determine the proportion
of physician’s recognition of these three work-
related hand diseases among patients age 18-65
years at Ramathibodi Hospital and to examine
factors associated with these work-related cases,
e.g., demographic and socio-economic status,
working conditions, and job descriptions.

METHODS
Research design and setting

This cross-sectional analytical study recruited
patients with one or more of three major muscu-
loskeletal hand diseases: carpal tunnel syndrome,
trigger finger, and de Quervain’s tenosynovitis.

Participants

The target population was patients aged 18-65
years who visited the Hand Clinic in the Ortho-
pedics OPD, Ramathibodi Hospital between 25
October 2023 and 15 March 2024. Patients with
selected ICD-10 diagnosis code G56.0 (carpal
tunnel syndrome; CTS), M65.3 (trigger finger; TF)
and/or M65.4 (de Quervain’s tenosynovitis; DQT)
were included in this study.

Definition of work-related disease

The diseases were determined to be work-
related using NIOSH’s six-step approach (26, 27).
The criteria included six factors: 1) evidence of
disease, 2) epidemiology, 3) evidence of individ-
ual exposure, 4) consideration of other relevant
factors, 5) validity of testimony, and 6) conclusions.
Diseases of patients who satisfied two or more
criteria were considered work-related. The work-
relatedness determination of the cases included
in this study was made by a doctor certified with
basic occupational medicine training.
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Definition of recognition of work-related con-
ditions

A case with a work-related cause was defined
as “recognized” if the doctor recorded any notes
about work-related details in the patient’s medical
record, e.g., job titles, job descriptions, work pro-
cesses, and working environment.

Data collection

Patients with MSDs of interest based on ICD-10
diagnoses who had visited the Orthopedics OPD
between October 25, 2023 and March 15, 2024
were asked to complete interviews using a modi-
fied repetitive strain injury questionnaire adapted
from the Strain Index and ACGIH TLV for HAL.
(28, 29) The questionnaire consisted of two com-
ponents: 1) personal history (smoking history and
postpartum/pregnancy history), working history
(job position, job description, workplace, working
years, working days per week, working hours per
day), and 2) details of hand motions during work
(hand position, hand use time, computer use, tool
use, etc.). In addition, the demographic data included
age, sex, weight, height and body mass index
(BMI). Evidence of exposure to repetitive hand
motion before the onset of the disease was also
documented. Data retrieved from electronic
medical records from the Informatics Division
included underlying diseases, patient health benefit
schemes, and doctors’ notes. The primary inves-
tigator reviewed all medical records and marked
them as “recognition of work-relatedness” if the
patients’ records contained work-related details
documented by the physician.

Outcome variables were the three MSDs
(CTS, TF, DQT), WRMSDs, and the recognition of
work-relatedness. Independent variables were
divided into sociodemographic variables (age,
sex, BMI, educational level, underlying disease),
work-related variables (job group, hand use,
dominant hand, working hours, workplace), and
other variables (leisure activities, smoking).

Statistical analysis

The outcome variables were calculated as per-
centages for each of the three MSDs, WRMSDs,
and the physician’s recognition of work-related-
ness. Differences were tested using Pearson’s
chi-square test with a p < 0.05 indicating statistical
significance.

Biomedical Sciences and Clinical Medicine 2025,64(3):217-226.

Associations between outcomes and the inde-
pendent variables were tested by logistic regres-
sion using univariate and multivariate models.
The odds ratios and 95% confidence intervals (CI)
were used to quantify the strength of associations.
The multiple logistic regression model included
independent variables with a p < 0.1 in the uni-
variate model. Data was analyzed using STATA
version 17.

Ethics approval and consent

This study was approved by the Ethical Review
Committee of the Faculty of Medicine, Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand
(COA. No. MURA2023 /771), and all participants
gave written consent.

RESULTS

The total of 270 cases included 127 cases of
carpal tunnel syndrome (CTS) (47.0%), 96 cases
of trigger finger (TF) (36.0%), and 47 cases of de
Quervain’s tenosynovitis (DQT) (17.0%). Most were
female (84.4%) and half the participants (52.2%)
were in the age group 41-59 years. Obese patients
(BMI > 24.9) were the largest group at 48.9%. In
addition, 63.0% of the participants had a Civil
Servant Medical Benefits Scheme (CSMBS) and
52.5% had educational levels of university graduate
or above. Most received a monthly income of
either less than 30,000 baht (46.3%) or between
30,000-69,999 baht (40.1%). Patient characteris-
tics were similar among the three MSDs, with the
exception of postpartum and smoking conditions.
Details are shown in Table 1.

Work characteristics

Table 2 shows that skilled labor had the highest
percentage of cases (46.7%), followed by educated
skilled labor (33.0%). The industries with the
highest number of cases were sales and manufac-
turing (46.7%), followed by services (33.0%). Most
workers performed a single job (93.3%) and most
had a break time of more than 10 minutes per day
(93.3%).

Regarding the participants’ hand usage, most
used their hands during 50.0% or more of their
work time (84.4%) and most made repetitive hand
movements six or more times per minute (63.3%).
The largest proportion used tools or other equip-
ment in their jobs (37.4%), followed by computer
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Table 1. Demographic characteristics of participants

Demographic characteristics CTS TF bar Total p-value
n=127(%) n=96(%) n=47(%) N =270 (%)

Age (year): Median (IQR) 58 (50,62), Min 20, Max 65 0.013"
20-40 15 (11.8) 5(5.2) 7(14.9) 27 (10.0)
41-59 76 (59.8) 44 (45.8) 21(44.7) 141 (52.2)
60-65 36 (28.4) 47 (49.0) 19 (40.4) 102 (37.8) 0.544
Sex: female 110 (86.6)  78(813)  40(85.1) 228 (84.4)

BMI: Median (IQR) 24.8 (22.1,28.8), Min 16.6, Max 41.4
<23 40 (3L.5) 32(33.3) 15 (31.9) 87(32.2) 0.996
23-<25 25(19.7) 17 (17.7) 9(19.2) 51(18.9)
>25 62(48.8)  47(49.0) 23(48.9)  132(48.9)

Health scheme
CSMBS 88 (69.3) 54 (56.2) 28 (59.5) 170 (63.0) 0.385
SSS 10 (7.9) 14 (14.6) 7 (14.9) 31(11.5)
ucC 11(8.6) 9 (94) 6 (12.8) 26 (9.6)
Out-of-pocket 18 (14.2) 19 (19.8) 6 (12.8) 43 (15.9)

Educational level
Middle and lower 48 (37.8) 26 (27.1) 12 (25.5) 86 (31.8) 0.371
High school 21(16.5) 16 (16.7) 8 (17.0) 45 (16.7)
Higher education 58 (45.7) 54 (56.2) 27 (57.5) 139 (51.5)

Income level (month)
<30,000 55 (43.3) 50 (52.1) 20 (42.5) 125 (46.3) 0.459
30,000-69,999 62 (48.8) 36 (37.5) 21(44.7) 119 (40.1)
>70,000 10 (7.8) 10 (10.4) 6 (12.7) 26 (9.6)

Underlying conditions
DM 17 (13.4) 18 (18.7) 10 (21.3) 45 (16.7) 0.367
Hypothyroidism 4(3.2) 2 (2.1) 2 (4.3) 8 (3.0) 0.761
Post-partum 0(0.0) 0 (0.0) 3 (64) 3 (L) 0.001
Smoking 0(0.0) 0 (0.0) 4 (8.5) 4 (1.5) 0.000

*p < 0.05

IQR, interquartile range; BMI, body mass index; CSMBS, Civil Servant Medical Benefit Scheme; SSS, Social Security
Scheme, UC, Universal Coverage; DM, diabetes mellitus; CTS, carpal tunnel syndrome; TF, trigger finger; DQT, de Quer-

vain’s tenosynovitis

use (27.8%). Computer-using participants used
their hands mostly for mouse clicking/scrolling
more than 6 times per minute or keyboard typing
more than 18 times per minute. The patient’s
illness mainly affected the dominant hand (94.4%),
but only 41.1% had limited use of that hand. A total
of 63.3% of the cases were determined to be
work-related. There were no significant differences
in work-relatedness among the three MSDs.

Work-related musculoskeletal diseases

Of the 171 cases that were determined to be
work-related, 81 cases (63.8%) had CTS, 65 (67.7%)
had TF, and 25 (53.2%) had DQT. Statistically signi-
ficant factors identified by univariate analysis
were female sex, having no related underlying
diseases (DM, hypothyroidism), work time per
week of more than 20 hours, hand-using other than
general use, repetitively doing a single job, and
repeated hand-use related to a hobby. Smoking
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and postpartum factors were not included because
the limited number of participants led to not
applicable (N/A) results. When the statistically
significant variables were tested for collinearity,
hand-use in a hobby was found to be correlated
with that single job; therefore, it was removed
from the multivariate model. The multivariate
model found significant associations in patients
without related underlying diseases (DM, hypo-
thyroidism), work time per week of 26 hours and
above, hand-using other than general use, and
doing a single job.

Patients with longer work hours per week had
higher adjusted odds of a work-related cause: 3.26
(1.35,7.89) in the ‘26-29 hours per week’ group and
4.48 (1.65,12.18) in the ‘30 or more hours per week’
group. Additionally, tool-using had higher adjusted
odds compared to computer use and writing, 7.92
(2.83,22.17), 4.72 (1.84,12.14), and 4.88 (1.53,15.61),
respectively. Details are shown in Table 3.

Biomedical Sciences and Clinical Medicine 2025,64(3):217-226.
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Table 2. Work-related characteristics of participants

Working CTS TF DQT Total
characteristics n=127(%) n=96(%) n=47(%) N=270 (%) p-value
Job group (ISCO-08)
Educated skilled labor 43 (33.9) 29 (30.2) 17 (36.2) 89 (33.0) 0.752
Skilled labor 62 (48.8) 44 (45.8) 20 (42.5) 126 (46.7)
General labor 22 (17.3) 23 (24.0) 10 (21.3) 55(20.3)
Workplace (TSIC)
Services 40 (31.5) 29 (30.2) 17 (36.2) 89 (33.0) 0.752
Sales & manufacturing 36 (28.3) 44 (45.8) 20 (42.5) 126 (46.7)
Supportive organization 51(40.2) 23 (24.0) 10 (21.3) 55(20.3)
Hand-using
Tool-use 41(32.3)  45(46.9) 15 (31.9) 101 (37.4) 0.342
Computer-use 37(29.1) 23 (24.0) 15 (31.9) 75 (27.8)
Writing 23 (18.1) 11(11.4) 6 (12.8) 40 (12.8)
General use 26 (20.5) 17 (17.7) 11(23.4) 54 (20.0)
Hand-using work time
>50.0% 108 (85.0) 82 (85.4) 38(80.8) 228 (84.4) 0.754
<50.0% 19 (15.0) 14 (14.6) 9(19.2) 42 (15.6)
Computer-using
>50.0% 48 (37.8) 28(29.1) 16 (34.0) 92 (34.1) 0.765
<50.0% 27 (21.3) 23 (24.0) 11(23.4) 61(22.6)
None 52 (40.9) 45 (46.9) 20 (42.5) 117 (43.3)
Mouse click/scroll
>6,/min 48 (37.8) 28 (29.1) 16 (34.0) 92 (34.1) 0.765
<6,/min 27 (21.3) 23 (24.0) 11(23.4) 61(22.6)
None 52 (40.9) 45 (46.9) 20 (42.5) 117 (43.3)
Keyboard-typing
>18 /min 48 (37.8) 28 (29.1) 16 (34.0) 92 (34.1) 0.765
<18 /min 27 (21.3) 23 (24.0) 11(23.4) 61(22.6)
None 52 (40.9) 45 (46.9) 20 (42.5) 117 (43.3)
Hand movement
>6 /min 77 (60.6) 62 (64.6) 32(68.1) 171 (63.3) 0.631
<6/min 50 (39.4) 34 (35.4) 15 (31.9) 99 (36.7)
Break time 119 (93.7) 88 (91.7) 46 (97.9) 253 (93.7) 0.357
Hand vibration 4(3.2) 3(3.1) 2(4.3) 9 (3.3) 0.928
Single job 117 (92.1) 92 (95.8) 43 (91.5) 252 (93.3) 0.468
Hand use in hobby 19 (15.0) 14 (14.6) 9(19.2) 42 (15.6) 0.754
Affected hand
Dominant 124(97.6)  88(9L7) 43(915) 255 (94.4) 0.097
Non-dominant 3(2.4) 8(8.3) 4(.5) 15 (5.6)
Current symptom
Pain/numbness 44 (34.6) 31(32.3) 20 (42.5) 95 (35.2) 0.475
Symptom-free 83 (65.4) 65 (67.7) 27 (57.5) 175 (64.8)
Current hand use
Normal 74 (58.3) 58 (60.4) 27(57.5) 159 (58.9) 0.926
Limited 53(41.3)  38(39.6) 20 (42.5) 111 (41.1)
Work-relatedness 81(63.8) 65 (67.7) 25(53.2) 171 (63.3) 0.236

ISCO-08, International Standard Classification of Occupations 2008; TSIC, Thailand Standard Industrial
Classification; CTS, carpal tunnel syndrome; DQT, de Quervain’s tenosynovitis; TF, trigger finger

Recognition of work-related conditions

Overall, 31 of the cases (13.0%) were recog-
nized by medical professionals as work-related
conditions: 19 cases (15.0%) of CTS, two cases
(2.1%) of TF, and 10 cases (21.3%) of DQT. Patients

with TF tended to be unrecognized 12.7 times
more frequently than patients with DQT (95%CI =
2.65, 60.75). In the univariate analysis, only Health
Scheme CSMBS showed some association with
the recognition of work-relatedness. However,
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Table 3. Association between factors and work-related cases

Work-related outcome

Factor Crude odds ratio  Adjusted odds ratio
Yes No (95%CI) (95%CI)
n=171(%) n=99 (%)
Sex
Female 150 (65.8) 78 (34.2) 1.92(0.99,3.73) 1
Male 21(50.0) 21(50.0) 1 1.07 (0.42,2.68)
Age group
20-40 19 (70.4) 8(29.6) 1.80 (0.72,4.49) 1
41-59 94 (66.7) 47 (33.3) 1.51(0.89,2.56) 1.63 (0.51,5.10)
60-65 58 (56.9) 44 (43.1) 1 1.06 (0.33,3.35)
BMI
<23 27 (31.0) 60 (69.0) 1.49 (0.84, 2.64) 1.35 (0.64,2.86)
23-<25 19 (37.3) 32(62.7) 1.13 (0.58, 2.20) 1.22 (0.51,2.96)
>25 53 (40.2) 79 (59.8) 1 1
Non-DM 152 (67.6) 73 (32.4) 2.83" (1.47,5.44) 2.35(1.19,6.75)
Non-hypothyroidism 170 (64.9) 92 (35.1)  12.93"(1.56,106.75)  13.97"(1.34,146.13)
Affected hand 1.16 (0.40,3.36) -
Dominant 162 (63.5) 93 (36.5) 1 -
Non-dominant 9 (60.0) 6 (40.0) 1 1
Health Scheme
CSMBS 100 (58.8) 70 (41.2) 2.01(0.85,4.75) 2.03 (0.65,6.39)
SSS 23 (74.2) 8(25.8) 1.32 (0.55,3.13) 1.00 (0.28,3.56)
uc 17 (65.4) 9 (34.6) 1.80 (0.86,3.76) 1.06 (0.42,2.70)
Out-of-pocket 31(72.1) 12 (27.9)
Job groups
Educational skilled labor 54 (60.7) 35(39.3) 1.11 (0.55,2.19) 1.40 (0.47,4.18)
Skilled labor 85 (67.5) 41(32.5) 1.49 (0.77,2.86) 1.92 (0.73,5.06)
General labor 32(58.2) 23 (41.8) 1 1
Worktime /week
<20 hours 41(38.7) 65 (61.3) 1 1
21-25 hours 31(73.8) 11(26.2) 4.467(2.02,9.85) 2.11(0.81,5.51)
26-29 hours 45 (75.0) 15 (25.0) 4.75"(2.35,9.60) 3.26"(1.35,7.89)
>30 hours 54 (87.1) 8(12.9) 10.707(4.62,24.76) 4.487(1.65,12.18)
Hand using
Tool-use 79 (78.2) 22 (21.8) 14.037(6.22, 31.6) 7.92"(2.83,22.17)
Computer-use 51(68.0) 24 (32.0) 8.307(3.65, 18.9) 472" (1.84,12.14)
Writing 30 (75.0) 10 (25.0) 11.73*(4.42, 31.1) 4.88"(1.53,15.61)
General use 11(20.4) 43 (79.6) 1 1
Single job 167 (66.3) 85(33.7) 6.877(2.19,21.53) 10.137(2.59,39.57)
Break time 163 (64.4) 90 (35.6) 2.03 (0.75,5.46) -
Hand-use in hobby 10 (23.8) 32(76.2) 2.21"(1.32,3.69) -

p<0.1;,"p<0.05

DM, diabetes mellitus; BMI, body mass index; CSMBS, Civil Servant Medical Benefit Scheme; SSS, Social

Security Scheme, UC, Universal Coverage

in the multivariate model, there were no statisti-
cally significant associations. Smoking and post-
partum were not included because the number
of patients was too small to analyze. Details are
shown in Table 4.

DISCUSSION
This study found that among patients with
the three most common hand MSDs, 63.3% of
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the cases were determined to be associated with
work-related conditions based on NIOSH criteria.
In contrast, only 13.0% were recognized based on
their work history. Work factors such as the type
of hand use, hand use in hobbies, work hours, and
having a single job were statistically significantly
associated with work-related conditions. No factors
were significantly related to the non-recognition
of work-relatedness, which could have resulted
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Table 4. Association between factors and unrecognized cases of work-related hand diseases

Recognition of work-relatedness

Factor R . - Crude odds ratio  Adjusted odds ratio
ecognized  Not recognized (95%CI) (95%CI)
n = 31 (%) n =239 (%)
Sex: male 3(71) 39 (92.9) 1.82(0.53,6.28) 2.02 (0.55,7.41)
Age group
20-40 5 (18.5) 22 (81.5) 1 1
41-59 18 (12.8) 123 (87.2) 1.53 (0.52,4.61) 1.55 (0.47,5.11)
60-65 8(7.8) 94 (92.2) 2.67(0.79,8.95) 2.59 (0.70,9.59)
BMI
<23 10 (11.5) 77 (88.5) 1.23 (0.43, 3.44) 1.09 (0.36,3.32)
23-<25 7(13.7) 44 (86.3) 1 1
225 14 (10.6) 118 (89.4) 1.34 (0.51,3.54) 1.32 (0.48,3.65)
Health Scheme
CSMBS 17 (10.0) 153 (90.0) 2.637(0.99,6.99) 2.72 (0.89,2.83)
SSS 7(22.6) 24 (77.4) 1 1
ucC 3(11.5) 23 (88.5) 2.24 (0.51,9.71) 2.47(0.48,12.73)
Out-of-pocket 4(9.3) 39 (90.7) 1.84 (0.75,10.74) 3.48(0.77,14.72)
Education level
Middle school 12 (14.0) 74 (86.0) 113 (0.41,3.12) 1.06 (0.35,3.16)
High school 7 (15.6) 38 (84.4) 1 1
Higher education 12 (8.6) 127 (91.4) 1.95 (0.71,5.30) 1.59 (0.65,3.88)
Workplace
Services 9 (11.3) 71(88.8) 1.06 (0.43,2.61) 1.59 (0.57,4.43)
Merchandise 9 (11.3) 71(88.8) 1.06 (0.43,2.61) 1.14 (0.43,2.98)
Authorities 13 (11.8) 97 (88.2) 1 1
p<0.1;

BMI, body mass index; CSMBS, Civil Servant Medical Benefit Scheme; SSS, Social Security Scheme, UC, Universal

Coverage

from the high percentages of non-recognition
across all patients.

More than half the patients were in the age
group 41-59 years old. This result aligns with
the NIOSH worker health chartbook (1), which
reported that 31.1% of study participants with
MSDs were in the 45-59 age group. This finding
also corresponds with a Canadian study where
half of the participants with work-related repetitive
strain injuries were between 25 and 54 years old
(30). Studies from France similarly concluded that
greater age was the main personal risk factor for
work-related musculoskeletal disorders (WRMSDs)
(22, 31).

Work hours per week was associated with
WRMSDs and the incidence increased as patients
worked longer hours. This result is supported by
a previous study which found a similar pattern of
overtime or long working hours being associated
with MSDs as well as an established dose-response
relationship between work duration and hand
symptoms (32). Other studies have similarly found

Biomedical Sciences and Clinical Medicine 2025,64(3):217-226.

that various occupations involving both tool and
computer use could be associated with WRMSDs,
including forceful hand movements (20, 33-35).
Repetitive movement has also been found to be
associated with WRMSDs in other studies (7, 30).
In this study, hand-use in hobbies was correlated
with workers with a single job in the test for col-
linearity; therefore, it was removed from the final
model. In addition, patients with a single job
were statistically significantly associated with
WRMSDs. This finding aligns with a recent sys-
tematic review reporting that a specific job task
can lead to occupational overuse syndrome (36).
The present study found that patients with no
other relevant medical conditions, i.e. diabetes
mellitus, or hypothyroidism, were associated with
work-related factors. In contrast, previous stud-
ies have found that diabetes mellitus and meta-
bolic syndrome were significantly associated with
MSDs (37). The present study could not interpret
the results of smoking, the main factor found to
be related to upper extremities MSDs in other
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studies (38). We hypothesize that this is due to
the limited number of participants in the present
study.

MSDs of the hand were under-recognized as
work-related in this study, with only 13.0% being
recognized by medical professionals. This finding
is similar to Yagev’s study in 2008 (39) and a study
in Spain in 2019 (40). Patients’ personal charac-
teristics can affect doctors’ recognition of work-
relatedness and can also result in a longer period
to detect work-relatedness (40, 41). The present
study did not find a significant difference in
recognition between age groups, but, according
to Ramada’s 2014 study, older patients have a lower
prevalence of being recognized (42). Patients paying
for medical treatment out-of-pocket had the
highest odds of non-recognition, but the associ-
ation was not statistically significant. That might
be due to patients with this health care scheme
being generally older and mostly retired. There is
only limited evidence regarding the relationship
between health benefit schemes and recognition
of work-relatedness.

The results of this study demonstrate the low
recognition of WRMSDs, which could result in
patients not receiving appropriate authorized
welfare and other health-care benefits. This
study could not identify factors related to under-
recognition; however, factors associated with
work-relatedness were identified and could be used
in developing screening questions to increase
recognition, e.g., the type of hand use and work
hours. Furthermore, another study showed that
establishing a special occupational medicine unit
could also help improve recognition (40).

The present study is among the first in Thailand
to explore factors associated with MSDs of the
hand without regard to the participant’s occupa-
tion in a health care setting. All eligible subjects
were enrolled, and the response rate was 100.0%.
Limitations of this study include the small sample
size which, due to time limitations, was less than
originally planned. Participants may also have
had recall bias. Finally, the study only examined
patient factors, omitting the potential influence
of physicians’ experience and knowledge. Ortho-
pedists see a substantial number of patients with
WRMSDs; therefore, their insights could benefit
efforts to increase the recognition of WRMSDs in
the future.
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CONCLUSION

This study examined the three major work-
related hand diseases, CTS, TFand DQT,inworking
patients at Ramathibodi Hospital in 2022-2023.
The prevalence of work-related cases was 63.0%,
but the recognition of that relatedness by attend-
ing physicians was only 13.0%. Factors associated
with work-relatedness were working longer hours,
working with tools, using computers, writing,
having a single job, and no underlying DM or hypo-
thyroidism. Hospitals should develop screening
systems to identify patients with work-related
diseases and should also seek ways to assist patients
to receive authorized welfare and other benefits.
Further studies should also be conducted to
explore ways to increase recognition by physicians
or connections between a patient’s working situ-
ation and MSDs.
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ABSTRACT

OBJECTIVE To compare the ultrasonography cross-sectional area (CSA)
of the median nerve at the wrist (CSA-D), the wrist-to-forearm median nerve
CSAratio (WFR) and the difference (WFD) between individuals with carpal
tunnel syndrome (CTS) and normal individuals in the Thai population and
to explore the correlation between ultrasonography and electrodiagnosis
(EDX).

METHODS A cross-sectional study was performed on a total of 112 wrists
of 72 participants who were divided into two groups. Fifty-six wrists of
36 EDX-confirmed CTS patients were recruited as the CTS group and an
equal number of individuals without CTS were chosen as a control group.
Participants were matched for demographic data from a historical study.
For both individuals with clinical CTS confirmed by EDX and the control
population median nerve CSA levels at the wrist and at mid-forearm were
measured by ultrasonography. A comparison was made between the para-
meters of the study group and those of the control group. The correlations
between the CSA-D, the WFR, and the WFD and the severity of CTS evaluated
by EDX were studied.

RESULTS The mean median nerve CSA-D, WFR, and WFD of the CTS
patients were 14.7 + 5.9 mm?, 3.1 + 14, and 9.7 + 6.1 mm?, respectively. In
contrast, the mean median nerve CSA-D, WFR, and WFD of the control
group were 9.6 + 2.4 mm?, 1.7 £ 0.4, and 3.8 + 1.9 mm?, respectively, indicating
a statistically significant difference from the study group (p < 0.001). The
optimal cut-point values for the median nerve CSA-D, WFR, and WFD in
detecting CTS were 10.7 mm? (sensitivity 67.9%, specificity 83.9%), 1.8
(sensitivity 89.3%, specificity 71.4%), and 4.7 mm? (sensitivity 82.1%, specifi-
city 81.8%), respectively. The median nerve CSA-D, WER, and WFD exhibited
significant moderate to strong positive correlation with the EDX grading
of CTS severity.

CONCLUSIONS Ultrasonography of the median nerve CSA-D, WFR, and
WED are efficient for distinguishing CTS patients from asymptomatic controls
with good sensitivity and specificity in the Thai population. WFD demon-
strated superiority in the areas of sensitivity, specificity, and accuracy.

KEYWORDS carpal tunnel syndrome, median neuropathy, ultrasono-
graphy, electrodiagnosis
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most
common entrapment neuropathy. The prevalence
ranges from 3.1 to 4.6 percent in the general
population (1, 2). Diagnosis often relies on clinical
signs, symptoms, and physical examination. Elec-
trodiagnosis (EDX) helps in both confirming and
differentiating diagnoses, e.g., cervical radiculo-
pathy and peripheral polyneuropathy. Additionally,
it can assist in the assessment of the disease
severity, which consequentlyinformsthe manage-
ment planning. Treatments include conservative
treatment for mild to moderate degree cases and
surgical procedures for severe cases. The sensiti-
vity and specificity of the EDX for CTS are 82.0-
94.0% and 65.0-97.0%, respectively, in patients
with clinical symptoms. The validity relies on neu-
rophysiological grading, various methodological
issues, including variable reference standards,
measurement methods, and spectrum bias in
case-control studies (2, 3). Nevertheless, there
are common limitations of EDX including tissue
edema, patient intolerance of the evaluation pro-
cedure, and unavailability of evaluation equipment.

Currently, high-resolution ultrasound (US)
serves as an effective instrument for assessing
nerve anatomy and adjacent tissues. Advantages
include time-saving, simplicity, and affordability.
In comparison to the clinical diagnostic reference
standard, the overall sensitivity of US was 86.4%
and that of EDX was 91.6%. The pooled specifici-
ties for US and EDX were 79.3% and 81.9%, respective-
ly. There were no statistically significant differences
between US and EDX in terms of sensitivity,
specificity, or diagnostic accuracy. In general, US
and EDX have equal diagnostic accuracy for CTS
diagnosis, with both having high sensitivity and
intermediate specificity (4). In CTS, nerve com-
pression can lead to a regional circulatory disrup-
tion, causing a breakdown of the blood-nerve
barrier, which increases endoneurial fluid pres-
sure, resulting in nerve swelling and further com-
promising local blood flow. The median nerve
is frequently swollen in the proximal part of an
entrapment site as a pathophysiology of CTS;
hence, the nerve's cross-sectional area (CSA) is
the most typical metric for diagnosis (2). The cut-
point value for median nerve CSA at the distal
wrist crease (CSA-D) for diagnosing CTS has
previously been reported as > 8.5-12 mm? (5-9).
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Previous researches have indicated that ethnicity,
age, height, and body mass index (BMI) affect the
nerve CSA. The median nerve CSA in Europeans
appears to be larger than in Asians, however, there
is variation in nerve CSA within the Asian popula-
tion. For that reason, utilizing the same cut-point
for diagnosing CTS across different nationalities
may result in the nerve CSA being beyond the
precise conditions range (10-12). Thus, the ratio
of the median nerve CSA-D to that at the forearm
(WFR) or their difference (WFD) will mitigate the
influence of these factors. Several studies have
reported that the diagnostic cut-point values for
the WFR and the WFD in CTS are 1.4-2.4 (5, 6, 13)
and 2.5-6 mm? (5, 7), respectively, indicating good
sensitivity and specificity. However, in a study of
the normal Thai population, the WFR of the median
nerve ranged from 1.0 to 2.3, while the median
nerve CSA-D measured between 5.3 and 13.3 mm?
which falls within the range of the disease group
(12). Measurement of only the median nerve CSA
at the wrist might result in a false positive. Inte-
grating additional US parameters may enhance
the accuracy of distinguishing CTS from normal
conditions. Furthermore, the measurement loca-
tions for median nerve CSA in the forearm, that
is, at the pronator quadratus (PQ) (7, 8) and 10-12
cm from the wrist (5, 14), varied across the
studies. The depth of tissue in the forearm in
relation to the point of measurement may influence
the clarity of the nerve CSA as well. According to
Junck et al., the mid-forearm location significantly
outperformed the distal one-third of the forearm
in terms of inter-rater reliability (r = 0.81) (15).

Some previous studies have utilized variable
criteria and grading severity. Previous research of
the relationship between the median nerve CSA
and the severity grading from electrodiagnostic
findings has yielded varied outcomes (7, 13, 14, 16).
However, some of those studies did not use EDX to
exclude cervical radiculopathy or polyneuropathy,
which may also affect the nerve CSA (17).

The main objective of the present study is
to compare the CSA-D of the median nerve, the
WEFR, and the WFD between individuals with CTS
and healthy controls. The study also determined
the cut-point values of the CSA-D, the WFR, and
the WFD in detecting CTS and examined the corre-
lation between these findings and disease severity
classified by EDX in a Thai population.

Biomedical Sciences and Clinical Medicine 2025,64(3):227-238.
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METHODS
Study design

This cross-sectional research study with a
historical control was approved by the Ethics
Committee at Lerdsin Hospital, Bang Rak District,
Bangkok. The certification number is LH661070.
The number for Thai Clinical Trials Registry is
TCTR20231108002.

Participants

The study group, CTS patients who had under-
gone EDX at the Physical Medicine and Rehabili-
tation Department of Lerdsin Hospital between
April and August 2024 were invited to participate.
The inclusion criteria consisted of individuals of
Thai ethnicity, aged over 18, who were diagnosed
with CTS based on positive electrodiagnostic
findings combined with any of the following clini-
cal features: (1) experiencing numbness or pain
of the thumb, index finger, middle finger, or ring
finger which worsened with specific activities
and improved with rest or hand movements, (2)
having sensory disturbances in the radial three-
and-a-half fingers, (3) exhibiting varying degrees
of thenar muscle weakness or atrophy, and (4)
having positive results of the Tinel's Test and /or
Modified Phalen’s Test (2). The exclusion criteria
were individuals with neurological conditions
such as cervical radiculopathy, brachial plexopathy,
median nerve damage due to trauma, or peripheral
polyneuropathy, patients who had negative find-
ings on EDX to confirm CTS, patients who had
received a CTS injection within six months prior
to the examination date, patients who had under-
gone CTS surgery, patients who exhibited anato-
mical variations (Martin-Gruber anastomosis,
Riché-Cannieu anastomosis) as determined by
electrodiagnostic testing and patients whose
median nerve exhibited bifurcation by US. All
participants submitted written informed consent.

The control group data was retrieved in a retro-
spective study that included healthy Thai indi-
viduals who exhibited no clinical numbness nor
weakness in either hand and who had undergone
electrodiagnostic testing to exclude peripheral
neuropathy and had received ultrasonography
examinationsofthemediannerveatthedistalwrist
and mid-forearm, following the same methodo-
logy as the study group. This study was conducted
from March 2022 to May 2023 (LH651011). Age,

Biomedical Sciences and Clinical Medicine 2025,64(3):227-238.

weight, and BMI were used in matching the
groups to ensure that the demographic charac-
teristics of the control aligned closely with those
of the study group. The sample size was deter-
mined according to previous studies (5, 13) by
using the two independent means formula. The
average and standard deviation (SD) of the median
nerve CSA-D, WFR, and WFD were calculated.
The delta of the mean median nerve CSA-D, WER,
and WFD were 6.2, 0.25, and 6.0 respectively. An
alpha of 0.05 was selected. The power effect size
was 0.8. A sample size of 30 individuals in each
group was selected for the study. Considering an
anticipated dropout rate of 20.0%, 72 individuals
were included.

EDX of CTS

The median and ulnar nerve conduction studies
(NCS), including sensory nerve action potential
(SNAP) and compound motor action potential
(CMAP), were conducted by physiatrists using
Nicolet Synergy equipment (Natus Medical Inc.,
San Carlos, CA, USA). Needle electromyography
(EMG) was performed on the patients who had no
median CMAP response and to differentiate CTS
from other conditions. Normal reference values
were based on American Association of Neuro-
muscular & Electrodiagnostic Medicine (AANEM)
2020 (18).

Median CMAP: the active electrode was placed
halfway between the midpoint of the distal wrist
crease and the first metacarpophalangeal joint,
and the stimulation sites were at the wrist (8 cm
proximal to the active electrode) and the elbow
(medial to the brachial artery pulse).

Ulnar CMAP: the active electrode was placed
on the hypothenar eminence, and the stimulation
sites were at the wrist (8 cm proximal to the active
electrode) and the olecranon fossa.

Median SNAP: the active electrode was placed
on the index finger, and the stimulation site was
at the wrist, 14 cm proximal to the active electrode.

Ulnar SNAP: the active electrode was placed
on the little finger, and the stimulation site was at
the wrist, 14 cm proximal to the active electrode.

For patients who exhibited normal median
SNAP and median CMAP, confirmatory electrophy-
siological evidence was defined as any difference
>0.4 millisecond (ms)between:1)a 8-cm orthodro-
mic palmar median-ulnar peak latency difference;
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2) a 14-cm antidromic median-ulnar sensory peak
latency difference to the ring finger; 3) a 10-cm
antidromic median-radial peak latency difference
to the thumb; or 4) a combined summary index >
0.9 ms (3). Skin temperature during the measure-
ments was maintained at between 32 and 34
degrees Celsius.

The severity of CTS was classified into three
levels according to Werner et al. as follows: (1)
mild: prolonged (relative or absolute) sensory
latency with normal motor study and no evidence
of axonal loss; (2) moderate: abnormal median
sensory latency as noted for mild CTS, and (relative
or absolute) prolongation of median motor distal
latency with no evidence of axonal loss. (3) severe:
any of the aforementioned NCS abnormalities
with evidence of axonal loss as defined by either
(a) a low-amplitude or absent SNAP (b) a low-am-
plitude or absent thenar CMAP (c) a needle EMG
with fibrillation potentials or motor unit action
potential changes (large amplitude, long-duration
motor unit potentials, or excessive polyphasics).
Both hands were included if the patient exhibited
clinical symptoms of CTS and had a positive EDX
exam.

Ultrasonography

All individuals underwent ultrasonographic
examination using a multifrequency linear trans-
ducer operating at 4-18 megahertz (MHz) (Konica
Minolta, SONIMAGE® HS1, Tokyo, Japan) in B
mode, conducted on the same day as the electro-
diagnostic study by a single physician who was
blinded to the CTS severity results. The partici-
pants were seated with their palms facing up, wrists

in neutral position, and fingers slightly flexed.
US was used to identify the median nerve. The
transducer angle was set to be perpendicular to
the nerve in order to get images with the smallest
CSA and to avoid anisotropy effect. The Color
Doppler test assessed the vascular component.
The focus and depth were adjusted according
to the target location. The CSA was measured
at each location using the ellipsoid function to
trace inside the nerve's hyperechoic border. The
median nerve CSA at each site was calculated by
averaging the results from three separate tests:
the distal wrist crease (at the level of the pisiform
bone) and the mid-forearm, which was determined
at the midpoint between the distal wrist crease
and the elbow (Figure 1).

Outcome measurements

The median nerve CSA at the distal wrist and
the mid-forearm were recorded. The wrist-to-
forearm median nerve CSA ratio (WFR) was calcu-
lated by dividing the nerve CSA at the wrist by
the nerve CSA at the mid-forearm. The wrist-to-
forearm difference (WFD) was calculated by sub-
tracting the median nerve CSA at mid-forearm
from the median nerve CSA at the distal wrist.

Statistical methods

Statistical analysis was performed using the
PASW Statistics version 18.0 program. (SPSS Inc.,
Chicago, IL, USA). Continuous data was analyzed
using an independent t-test and reported as mean
and SD. The results for categorical data were
analyzed using the Chi-square test and Fisher’s
exact test and are displayed as frequencies and

Figure 1. Ultrasonography of the nerve cross-sectional area (CSA) at each measured site. (A) median nerve at wrist, (B)
median nerve at mid-forearm; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; P, pisiform bone; S,
scaphoid bone. Arrows show the median nerve.
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percentages. The independent t-test was em-
ployed to compare the demographic data between
the study group and the control group. One-way
ANOVA with Bonferroni correction was applied to
compare disease severity. The receiver operating
characteristic (ROC) curve was used to evaluate
the cut-point value to distinguish CTS group from
the control group and for differentiating severe
CTS from non-severe CTS by determining the
highest accuracy. Spearman correlation coeffi-
cients (r) were utilized to assess the relationship
between the severity of CTS and the median nerve
CSA-D, WFR, and WEFD. The relationships between
the median nerve CSA-D and NCS parameters
were assessed using Pearson’s correlation coef-
ficient (r). A p < 0.05 was considered statistically
significant.

RESULTS

Of 52 participants referred for CTS evaluation,
36 participants (56 wrists) were clinically diagnosed
with CTS as confirmed by EDX (Figure 2). A total
of 32 females were included, representing 88.9%
of the sample. The mean age, weight, height, and
BMI were 53.1 + 124 years, 64.7 + 17.2 kg, 157.0 +
7.9 cm, and 26.1 £ 5.4 kg/m? respectively. The
demographic data did not show any statistically
significant differences between the study group

and the control group (Table 1).

A significant difference was observed in the
median nerve CSA-D, measuring 14.7 + 5.9 mm?
in the study group compared to 9.6 + 2.4 mm?
in the control group. The median nerve CSA-D
(mm?) for mild, moderate, and severe degrees
was measured at 11.1 + 2.5, 14.0 + 4.6, and 214 +
5.6, respectively, with statistically significant
differences observed both between the mild to
severe group and between the moderate to severe
group. A notable difference in the median nerve
CSA (mm?) at the mid-forearm was seen between
the study (5.0 + 1.0) and control (5.8 + 2.0) groups.
However, there was no significant difference
across the severity categories (Table 2).

The WFR of the median nerve for the study
and control groups was 3.1+1.4 and 1.7 + 0.4, respec-
tively, a statistically significant difference The
groups classified as mild, moderate, and severe had
mean values of 2.3 + 0.7, 2.9 + 1.2, and 4.6 + 1.2,
respectively. A statistically significant difference
was observed between the mild and severe groups
and between the moderate and severe groups
(Table 2).

The WFD of the median nerve for the study
group was 9.7 £ 6.1 mm?, while for the control group
it was 3.8 + 1.9 mm?, a statistically significant
difference. The subgroups mild, moderate, and

Participants

Study group: clinical manifestation and EDX testing (n=52 patients)

Control group: normal EDX testing in Thai from previous
data (n=80 participants)

Excluded: 16 patients
(cervical radiculopathy,
peripheral polyneuropathy,
post median nerve injection,
negative EDX finding)

Matching data (n=36 participants, 56 wrists )

Confirmed CTS (n=36 patients, 56 wrists)

Mild CTS (n=25 wrists)

Moderate CTS
(n=16 wrists)

Severe CTS
(n=15 wrists)

Figure 2. Flow chart of participants; EDX, electrodiagnosis; n, number; CTS, carpal tunnel syndrome
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Table 1. Characteristics of patients (n = 36 individuals) with carpal tunnel syndrome and the control
group (n = 36 individuals)

Parameters CTS (n = 36) Control (n = 36) p-value
Mean (SD), (min, max) Mean (SD), (min, max)
Sex® n (%)
Male: female 4 (11.1):32 (88.9) 10 (27.8):26 (72.2) 0.074
Age (years)®
All 53.1(12.4), (22, 79) 52.5 (12.6), (23, 72) 0.822
Male 59.0 (11.4), (46, 73) 56.3 (8.7), (41, 72) 0.639
Female 52.4 (12.5), (22, 79) 51.0 (13.7), (23, 70) 0.684
Weight (kg)°
All 64.7 (17.2), (44, 110) 61.8 (13.0), (42, 90) 0.424
Male 78.0 (16.5), (65, 101) 69.1 (11.0), (51, 85) 0.255
Female 63.1(16.8), (44, 110) 59.0 (12.8), (42, 90) 0.318
Height (cm)®
All 157.0 (7.9), (143, 174) 158.7 (7.7), (144, 175) 0.361
Male 169.0 (5.0), (163, 174) 166.4 (5.5), (158, 175) 0.432
Female 155.5 (6.9), (143, 170) 155.7 (6.3), (11, 168) 0.899
Body mass index (kg/m?)
All 26.1(5.4), (18.7,38.5)  24.4(3.9), (18.2, 34.1) 0.144
Male 27.3 (5.4), (21.5,341)  24.8(2.8), (20.4, 29.0) 0.274
Female 25.9 (5.4), (18.7,38.5) 242 (4.3), (18.2, 34.1) 0.215

Underlying disease® n (%)

None 33 (91.6) 36 (100.0)
Diabetic mellitus 2(5.6) -
Hypothyroidism 1(2.8) -
Duration of symptoms® (month)
median (range) 9.5 (1, 156) -
Severity? (56 wrists) n (%)
Mild 25 (44.6) -
Moderate 16 (28.6) -
Severe 15 (26.8) -

aChi-square test, "Independent t-test
CTS, carpal tunnel syndrome; SD, standard deviation; min, minimum; max, maximum,; kg, kilogram;
cm, centrimeter; mm?, square millimeter

Table 2. Ultrasonographic findings of the median nerve in relation to the electrophysiological classification of carpal
tunnel syndrome severity

. Electrophysiological classification of CTS severity Control
Ultra;z:;)nggr:phlc (n=56 wrists): mean (SD) (min, max) (n=56 p-value®  p-value®
All* Mild Moderate  Severe wrists)
CSA at wrist (mm?) 147 (5.9) 11(25) 140(46) 214(56)  9.6(24) <0.001"  <0.001%
(83,323)  (8.3,20.3) (87,243) (12.3,323)  (6.0,17.7)
CSA at MF (mm?) 5.0 (1.0) 5.1(11) 52(09)  4.8(0.7) 5.8 (2.0) 0.468 0.008*
(3.0,7.7) (3.0,7.7) (4.0,7.0)  (3.7,6.0) (3.0,15.7)
WER 31(14) 2.3(0.7) 29(12)  46(12) 1.7 (0.4) <0.001"  <0.001*
(14,7.0) (14, 4.0) (16,6.0)  (2.6,7.0) (11,3
WED (mm?) 9.7 (6.1) 6.0 (2.7) 89(49) 166(54)  3.8(L9) <0.001"  <0.001%
(3.0,263)  (3.0,153)  (4.0,20.0) (8.0,26.3) (0.7,10.7)

ap-value compared between the study (all) and the control groups by Independent t-test, "p-value compared among
the severity groups by One-Way ANOVA with Bonferroni correction, “statistical significance between mild and severe
degree, *statistical significance between moderate and severe degree, #statistical significance between the study and
the control groups (p < 0.05), CTS, carpal tunnel syndrome; SD, standard deviation; min, minimum; max, maximum;
CSA, cross-sectional area; mm?, square millimeter; MF, mid-forearm; WFR, wrist-to-forearm ratio; WFD, wrist-to-
forearm difference
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Table 3. Sensitivity and specificity of ultrasonographic nerve assessment in determining car-
pal tunnel syndrome and identifying severe carpal tunnel syndrome from non-severe patients

G i Cut-point Sens:tivity Specificity Accuracy
% % %
CSA at wrist (mm?)
CTS from control 10.7 67.9 83.9 75.9
Severe from non-severe 14.5 86.7 90.2 89.3
WEFR
CTS from control 1.8 89.3 714 80.4
Severe from non-severe 3.1 86.7 85.4 85.7
WEFD (mm?)
CTS from control 4.7 82.1 81.8 82.0
Severe from non-severe 11.0 86.7 90.2 89.3

CSA, cross-sectional area; mm?, square millimeter; CTS, carpal tunnel syndrome; WFR, wrist-
to-forearm ratio; WFD, wrist-to-forearm difference

severe degrees exhibited a WFD of 6.0 + 2.7 mm?,
8.9 £ 49 mm?, and 16.6 + 5.4 mm?, respectively.
A statistically significant difference was found
between the mild and severe groups and between
the moderate and severe groups (Table 2).

In comparison of the mild and moderate CTS
subgroups, no statistically significant difference
was observed in the median nerve CSA-D, the
CSA at the mid-forearm, the WFR, and the WFD.

ROC curves were used to determine the optimal
US cut-point values to distinguish CTS group
from the control group. The median nerve CSA-D,
WFR, and WFD had areas under the curve (AUC)
of 0.830 (95% confidence interval [CI]; 0.756,
0.905), 0.867 (95%CI; 0.801, 0.934), and 0.882
(95%CT; 0.822, 0.943), respectively. All the AUCs
showed high values. The median nerve CSA-D has
an optimum cut-point value of 10.7 mm?, with a
sensitivity of 67.9% and specificity of 83.9%. The
WER, with a cut-point value of 1.8, has a sensitivity
of 89.3% and a specificity of 71.4%. The WFD's
cut-point was determined to be 4.7 mm?, with
82.1% sensitivity and 81.8% specificity (Table 3,
Figure 3).

In differentiating severe from non-severe
CTS, the AUCs for the CSA-D, WFR, and WFD
in severe CTS were 0.932 (95%CI; 0.868, 0.996),
0.920 (95%CI; 0.847, 0.994), and 0.928 (95%ClI;
0.861, 0.994), respectively. An optimal cut-point
value for median nerve CSA-D was determined
to be 14.5 mm?, with a sensitivity of 86.7% and a
specificity of 90.2%. The cut-point value of the
WFR was established at 3.1, demonstrating a
sensitivity of 86.7% and a specificity of 85.4%. The
cut-point value of the WFD was determined to
be 11.0 mm? with a sensitivity of 86.7% and a

Biomedical Sciences and Clinical Medicine 2025,64(3):227-238.
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Figure 3. Receiver operating characteristic (ROC) curves
with area under the curve of median nerve cross-sectional
area (CSA) at the wrist, WER (wrist-to-forearm ratio), and
WEFD (wrist-to-forearm difference) for diagnosing carpal
tunnel syndrome

specificity of 90.2% (Table 3, Figure 4).

All median nerve CSA-D, WFR, and WFD values
showed moderate to strong, positive and statisti-
cally significant correlation with disease severity
(Table 4). A statistically significant moderate
positive correlation was observed between the
median nerve CSA-D and both the median SNAP
latency and the median CMAP latency. The median
nerve CSA-D showed a notable weak negative
correlation with the amplitude of median SNAP
and a moderate negative correlation with the
amplitude of median CMAP. Additionally, there
was a weak negative correlation with the median
nerve conduction velocity (NCV) measured from
the forearm to the wrist segment (Table 5).
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Figure 4. Receiver operating characteristic (ROC) curves
with area under the curve of median nerve cross-sectional
area (CSA) at the wrist, WFR (wrist-to-forearm ratio), and
WEFD (wrist-to-forearm difference) to assess severity of
carpal tunnel syndrome

DISCUSSION

The results of this study indicate that the median
nerve CSA-D, the WFR, and the WFD exhibit a
substantial increase in CTS participants when
compared to normal participants in Thailand.
Additionally, the median nerve CSA-D, the WFR,
and the WFD in CTS demonstrate a statistically
significant moderate to strong positive correlation
with disease severity as determined by the EDX.

The median nerve CSA-D (mm?) of the study
group (14.7 + 5.9) was comparable to that of several
studies which reported results ranging from 14.0
to 15.0 (6, 19, 20), however, Xu's (16.1 + 0.8) (8) and
Elnady’s (18.4 + 5.4) (7) studies reported larger
averages. In contrast, the median nerve CSA-D
in Billakota's study (12.6) (9), and El-Najjar’s study
(12.5 + 3.4)(16) were smaller than our finding. The
median nerve CSA-D (mm?) in our control group
(9.6 £ 2.4) is consistent with the findings of Phon-
gamwong's study (9.4 * 2.1) conducted in Thailand
(21), while it differed slightly from previous studies
(Hunderfund [8.6 = 2.9], Webb [10.0 = 2.3],
Ratasvuori [7.0]) (5, 19, 20). Differences in demo-
graphic factors, including age in years (ours [52.5
+12.6], Webb [39.2 + 14.2], Hunderfund [56 + 16])
and ethnicity may influence the nerve CSA. Addi-
tionally, the different finger positions in different
laboratories may also affect the nerve CSA. For
example, some studies assessed the nerve CSA
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Table 4. Correlation between the median nerve CSA at
wrist, wrist-to-forearm ratio (WFR), wrist-to-forearm dif-
ference (WFD) and severity of carpal tunnel syndrome

Correlation

P -val
arameters coefficients® p-value
CSA at wrist (mm?) 0.678 <0.001"
WEFR 0.713 <0.001"
WEFD (mm?) 0.743 <0.001"

aSpearman rank correlation coefficients, “statistically sig-
nificant (p < 0.05)

CSA, cross-sectional area; mm?, square millimeter; WFR,
wrist-to-forearm ratio; WFD, wrist-to-forearm difference

Table 5. Correlation between ultrasound cross sectional
area at wrist and electrodiagnostic parameters in carpal
tunnel syndrome patients

Electrodiagnostic Correlation

parameters of CTS coefficient? p-value
Latency SNAP 0.483 <0.001"
Amplitude SNAP -0.358 0.012*
Latency CMAP 0.631 <0.001"
Amplitude CMAP -0.479 <0.001"
NCV -0.368 0.007"

2Pearson’s correlation coefficient (r); "statistically signifi-
cant (p < 0.05)

CTS, carpal tunnel syndrome; SNAP, sensory nerve action
potential; CMAP, compound motor action potential; NCV,
nerve conduction velocity (from wrist to forearm segment)

in finger flexion position (14, 22), while others
evaluated it in finger extension position (20, 23).
The measuring method used, which includes the
trace and ellipsoid functions, may also have had
an impact on the findings. Therefore, the nerve
CSAs could differ between studies.

The average median nerve CSA-D (mm?) in CTS
severity grading by EDX in our study revealed values
of 11.1+ 2.5 for mild degree, 14.0 * 4.6 for moderate
degree, and 214 + 5.6 for severe degree. Our results
correspond with one previous study (12.0 = 3.0 for
mild, 15.0 £ 3.0 for moderate, 19.0 + 6.0 for severe)
(14) which applied the same CTS clinical and EDX
criteria for diagnosis as ours. However, two other
studies which used different criteria reported
different findings (9-11 for mild, 11-13 for moderate,
12-15 for severe) (22, 24). Additionally, in the present
study the median nerve CSA-D, WFR, and WFD
exhibited statistically significant increases as the
severity of CTS progressed according to the EDX
grading. That correlation was comparable to those
of the previous studies (6, 14, 16, 21, 25). However,
one study reported no significant change in the
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relationship between the median nerve CSA-D
and the EDX severity grading (22), while others
showed a weak correlation (5, 14). The discrepancy
might arise from the classification of CTS severity
grade, which was not consistent among the studies.
A mild or moderate degree CTS involves mainly
demyelination whereas a severe degree involves
the axon. Patients with advanced degree CTS had
greater CSA and more pronounced clinical mani-
festations compared to those with only demyeli-
nation (25, 26).

Because demographic factors can affect the
nerve CSAs, the WFR and the WFD of the median
nerve were the most suitable parameters to use
as internal controls for detecting CTS. Moreover,
direct measurement of the median nerve CSA
at the wrist may not provide the most effective
ultrasonographic criterion for diagnosis in CTS,
especially for patients with other underlying
pathologies, e.g., a patient with demyelinating
hereditary sensorimotor neuropathy may have
generalized enlargement of all nerves (27).

The WER in CTS in our study group was 3.1 +
1.4, which was statistically significantly different
from the control group (1.7 + 0.4). This outcome is
comparable to those of earlier studies that meas-
ured the median nerve CSA at 12 cm proximal to
the wrist or at mid-forearm level (Mhoon [2.3 +
0.67], Hunderfund [3.1 £ 1.5]) (5, 6). However, in
studies where the measurement was taken at the
pronator quadratus (PQ) muscle, the ratio was
1.6 = 0.1 (8, 23), which is lower than that of our
control group. In CTS, the median nerve has a
slight enlargement, reaching approximately 4
cm proximally from the wrist (28). Therefore, the
WEFR, calculated from the distal wrist and divided
by the distal third of the forearm, would be reduced.
Moreover, the intra- and inter-rater reliability
rates were highest for visuals obtained at the
wrist, with inter-rater reliability being fairly high
at the mid-forearm and lowest at the PQ level
(15). The median nerve CSA at the mid-forearm
measurement appears to be more appropriate.
While there are few studies on the median nerve
WED, our group found a significant difference (p
< 0.001) compared to the control group. The value
of our result is slightly lower than that in an earlier
study (5).

In the present study, the WFR and the WFD
(mm?) cut-point values for CTS and non-CTS
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were 1.8 and 4.7. Our study's WFR was higher than
Mhoon's study at 1.4 (6) and lower than Hunder-
fund's study at 2.4 (5). The sensitivity in Mhoon's
study was high (97.0%) (6), similar to ours (89.3%),
while it was medium in the Hunderfund’s study
(67.0%) (5). The median nerve WER cut-points in
our study were acceptable. Comparing the three
values in our study, the cut-point value of the WFR
and the WFD showed excellent sensitivity and
accuracy (>80.0%), while the sensitivity (67.9%)
and the accuracy (75.9%) of the median nerve
CSA-D cut-point value were lower. The WFD also
showed greater specificity (81.8%) compared to
the WFR (71.4%). The WFD demonstrated superi-
ority over the other methods for CTS screening,
consistent with the findings of a previous study
(5). Calculating the WFD may also be simpler than
calculating the WFR. However, the CSA of nerves
can differ among ethnic groups. The WFD values
from our study may be applicable only to Thais
but not to other ethnicities.

The sole ultrasonographic parameter to detect
CTS demonstrated poor to intermediate sensi-
tivity (47.0-70.0%), but the combination of two
sonographic measurements, i.e., proximal CSA
combined with volar bulging, yielded greater
sensitivity (>90.0%) while maintaining the same
specificity found in a previous study (29). Using
multiple parameters for detection may enhance
the screening process; however, because both
the WFR and the WFD exhibited comparable
good sensitivity (>80.0%) and accuracy (>80.0%),
using both the WFR and the WFD may not result
in better outcomes.

The median nerve CSA-D (mm?) cut-point value
for distinguishing CTS from non-CTS in this inves-
tigation was 10.7. That median nerve CSA-D cut-
point value resembles previous studies (5, 7, 20).
However, the mean CSA-D of the median nerve
and the WFR in normal Thai individuals over 50
years of age were 10.5 mm? and 1.7, respectively (12).
Ultrasonography should be used with caution
when detecting CTS in the elderly (age > 50). In
this study, the control group's WER was 1.7, near
to the CTS cut-point of 1.8. If the ratio is not
clearly over the threshold limit, we recommend
clinical diagnosis with EDX confirmation.

We analyzed the cut-point value to separate
severe from non-severe cases because the median
nerve CSA-D, WFR, and WEFD significantly corre-
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lated with the severity of EDX in our study. The cut-
point values for detecting the median nerve
CSA-D, the WFR, and the WFD in severe CTS in
this study were 14.5 mm?, 3.1, and 11.0 mm?, respec-
tively, demonstrating high sensitivity and speci-
ficity of more than 85.0%. These findings are
consistent with Abrishamchi's study (CSA-D 15
mm?, WFR 3), but that study had lower sensitivity
and specificity (64.8-70.9%) than ours (14). Fur-
thermore, research that used the median nerve
CSA-D to distinguish CTS with moderate to severe
degrees from none to mild degrees found 14.0
as a cut-point value, similar to ours, with high
specificity (91.4%) but with low sensitivity (42.3%)
(21). Although the median nerve CSA-D cut-point
value appeared to be insufficient for screening
across trials, it demonstrated great specificity in
identifying patients with severe CTS.

CTS is generally diagnosed using clinical data
and physical examination. The EDX is regarded as
the reference standard for diagnosing and grading
the severity of the disease, with sensitivities of
82.0-94.0% and specificities of 65.0-97.0% (2, 30).
Surgery is the recommended treatment for severe
cases. The cut-point values of the median nerve
CSA measurements are essential for identifying
severe CTS in locations where EDX equipment is
not available and for patients who will not tolerate
EDX investigation. Additionally, the US is painless,
inexpensive, less time consuming, has no contrain-
dications, and is easy to assess. It also enables
observation of anatomical variation and nerve
morphology which is also beneficial for treatment
planning. According to a recent study, imaging is
a supplemental tool to the basic clinical and EDX
assessments of CTS, even if the combination of
a typical clinical history and EDX results provides
the most accurate diagnosis of this condition.
Patients with unilateral CTS affecting the non-
dominant hand, typical syndromes with negative
electrophysiological findings, and atypical upper
limb sensory syndromes are recommended to
undergo ultrasonography (30). However, a standard
protocol for scanning, including the positioning of
the forearm and hand, the measurement site, and
the tracing method, should be established.

Limitations

Our research has many limitations. Firstly, the
absence of blinding the ultrasonographer to the
diagnosis may have led to selection bias and may
have affected the outcomes of the ultrasonogra-
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phy. Secondly, our control group did not coincide
temporally with that of the study group. Third,
there was an absence of inter-rater reliability
evaluation. A recent study using ultrasonography
scanning, however, did reveal good to excellent
inter-rater reliability for median nerve assessment,
suggesting that high-resolution ultrasonography
is a reliable technique for evaluating the nerve
CSA (12, 21). Forth, the study was conducted within
the Thai ethnic group, so the cut-point values for
identifying CTS are applicable only to that specific
group. We utilized clinical criteria and EDX to
diagnose CTS in accordance with AANEM guide-
lines; however, the ultrasound outcomes might
have varied if other criteria had been employed
in other laboratories. Fifth, when a patient has a
CTS, the EDX may provide a false negative result, a
situation which was not considered in this re-
search. The cut-point values were not applicable
to CTS patients who were diagnosed based on
only their clinical presentation. Future research
should improve the methodology, involve a larger
prospective population, categorize participants
into three severity groups for CTS, and should also
include CTS patients with negative EDX findings.

CONCLUSIONS

Median nerve ultrasonography parameters
are useful for identifying CTS in a healthy Thai
population. The findings demonstrate that the
WER and the WFD, which are not dependent on
demographic factors, are appropriate additional
variables for detecting CTS with positive EDX.
Cut-points of all three measures demonstrated
good sensitivity and moderate to high specificity.
The ultrasonography parameters were also able to
distinguish severe from mild to moderate degrees.
A significant moderate to strong positive correla-
tion was found between the median nerve CSA-D,
WER, and WFD and the CTS severity by EDX. The
diagnostic recommendations are primarily based
on clinical and physical examinations, with ultra-
sound serving as a complementary method.
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ABSTRACT

OBJECTIVE This study aims to evaluate the correlation and agreement
between occupational vision tests and standard ophthalmological exami-
nations across five dimensions of visual performance.

METHODS Fifty-three participants underwent assessments for visual
acuity (VA), red-green color vision, stereoscopic depth, and phoria using
both the Titmus occupational vision screener and ophthalmologist-
administered tests, including the Early Treatment Diabetic Retinopathy
Study (ETDRS) chart for VA, Farnsworth D-15 for color vision, Stereotest-
Circles for stereoscopic depth, and the cover-uncover test for phoria. To
compare the correlation or agreement of each parameter between the
two methods, correlation coefficients were used to evaluate VA and ste-
reoscopic depth perception, Kappa analysis for color blindness, phoria
and astigmatism. Statistical significance was set at p < 0.05.

RESULTS Test results were finalized with 53 participants, mean age
of 29.4 years. A majority of the participants (62.30%) reported a history
of prior and /or present use of visual aids. The assessment of visual capacity
demonstrated a good correlation between occupational stereoscopic
depth and Stereotest-circles (0.5997, p < 0.001) and a moderate correlation
between the Occupational best corrected VA and ETDRS best corrected
VA (maximum 20 /20) (0.4616, p < 0.001). Color vision screening showed a
high level of statistical agreement with a kappa value of 1.00. However, the
results for phoria and astigmatism were inconsistent with only left-eye
astigmatism demonstrating statistical significance (p = 0.047), but with
only a fair Kappa value (0.21).

CONCLUSIONS Occupational vision tests showed strong to moderate
correlation for stereoacuity and visual acuity and high agreement of color
with standard methods. These tests are useful for visual screening of sur-
gical professionals. Further extensive examinations of other parameters
and with a wider variety of participants are required for a more compre-
hensive assessment of visual capacity related to specific job tasks.

KEYWORDS stereo acuity, visual acuity, vision test, occupation, color
vision
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INTRODUCTION

Visual performance is one of the most impor-
tant functions in work activities and daily life. Key
aspects of eye performance include visual acuity
(VA), which ensures clear vision in various job
tasks and is essential for responding effectively
in urgent situations. Stereoscopic depth is crucial
for determining the distance to objects, such as
when driving or operating a moving object or
device. The perception of color plays a role in dis-
tinguishing and recognizing different shades and
hues. Some careers require optimal visual perfor-
mance across several areas to ensure fitness for
duty, such as driving, fire-fighting, and airplane
piloting (1-3).

Physicians encounter specific occupational
risks (4) which could potentially impact the safety
of both patients and healthcare personnel. The
diverse range of medical specialties introduces
unique job characteristics for each specialty. For
example, surgically skilled physicians, e.g., sur-
geons, orthopedists, ophthalmologists, otolaryn-
gologists, and obstetric gynecologists, rely heavily
on visual capabilities (5). Their work involves acti-
vities that require sustained focus, visuospatial
perception, and coordination (6). Their work
also often demands sustained concentration and
meticulous attention to detail. Evaluating visual
capacity is crucial in determining an individual’s
preparedness for work (7). However, assessing
the entire range of key factors related to their job
performance can require significant time.

Ophthalmological assessments generally in-
clude evaluation of multiple ocular functions (8,
9). For example, VA is measured with a Snellen or
ETDRS chart to quantify the smallest resolvable
optotype by each eye. Phoria is evaluated using
the cover-uncover test or prism bars to detect
phoria or strabismus, both of which may cause
eyestrain or diplopia during sustained focus.
Depth perception is usually tested using the fly or
butterfly stereotests, which use polarized imag-
es to assess 3D depth perception. Color vision is
assessed with pseudoisochromatic plates like the
Ishihara and Hardy-Rand-Rittler (HRR) tests. The
Farnsworth D-15 test is additionally employed to
evaluate both red-green and blue-yellow defi-
ciencies and to grade their severity. Astigmatism
is detected using an auto-refractometer for objec-
tive refractive error measurement. Visual field is
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measured by automated perimeters, e.g., a Hum-
phrey visual field analyzer, to detect vision loss,
crucial in visually demanding tasks.

The occupational vision test is one of the tools
employed to evaluate preparedness for visual
work which has become more widely available in
occupational medicine clinics. The primary objec-
tive of this test is to match the job requirements
with the job category (10). The tool is a compact
portable device capable of evaluating seven aspect
visual parameters: VA, phoria, stereoscopic depth
perception, vertical and horizontal phoria, color
blindness, astigmatism, visual field, and binocular
vision (11). Each of these areas is crucial for as-
sessing visual performance. Although standard
ophthalmologic tools are often permanently in-
stalled in clinics and require time, trained person-
nel and a controlled environment to complete a
full assessment, the occupational vision screener
device is portable, making it practical for proac-
tive screening in various settings such as com-
munities, primary care clinics, and workplaces.
It enables quick, one-stop screening of multiple
visual parameters outside a hospital setting and
requires fewer operators to run. Vision screening
plays a vital role in assessing fitness for duty,
e.g., professions such as dentistry and surgery
require precise perceptual and visual skills to
perform procedures effectively (12, 13). Similarly,
motor vehicle driving demands adequate VA and
visual field to ensure safety during both daytime
and nighttime conditions. Previous studies have
demonstrated that visual impairments are signifi-
cantly associated with an increased risk of road
traffic accidents (14). However, a knowledge gap
persists regarding the consistency of these tools
in evaluating job tasks that do not fit into existing
categories. If occupational vision tests are shown
to correlate well with standard vision tests, they
might be adopted more broadly, thus reducing
the time and resources needed for evaluating
healthcare workers. Since no prior study has as-
sessed the accuracy of this test or its agreement
with standard examinations, the present study
was conducted to determine the correlation and
agreement between occupational vision tests and
standard ophthalmological examinations across
five dimensions of visual performance: VA, color
vision, phoria, stereoscopic depth perception, and
astigmatism among surgical health professionals.
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METHODS
Study Design and Population

The cross-sectional study was conducted in
June 2023 at the teaching hospital in Chiang Mai,
Thailand. The sample size was determined using
the n4Studies program, based on the infinite
population proportion formula by Daniel (15) The
parameters used included a prevalence (P) of
0.29, based on a study by Alhusuny et al. (16), a
delta (d) of 0.2, an alpha (a) of 0.05, and a Z (0.975)
value of 1.959964. The calculated minimum re-
quired sample size was 20 participants. To ensure
adequate power and to account for potential
dropouts or missing data, we increased the sam-
ple size by 150.00%, resulting in a final sample of
50 participants. We recruited a total of 57 newly
trained first-year physicians whose jobs involved
surgical procedures. The study included indivi-
duals who consented to participate and who
could communicate verbally. The study enrollment
flow diagram is shown in Figure 1.

Data collection

The study was divided into two parts. Part 1
involved a structured questionnaire for collecting
general demographic data, e.g., age, sex, height,
weight, underlying health conditions, and visual
health-related information such as eyeglass use,
history of eye surgery, and use of artificial tears.
Part 2 involved visual performance screening and
ophthalmologic diagnostics. The participants
provided demographic information and under-
went eye examinations to obtain data across five
aspects: VA, color vision, phoria, stereoscopic
depth perception, and total astigmatism. The
data collection was conducted over two days.

On the first day, occupational health screenings
were performed, and on the second day, oph-
thalmologist examinations were conducted. This
scheduling was designed to reduce eye fatigue
from prolonged periods of eye examination. The
Titmus V4 Vision Screener (Titmus LLC, Honey-
well International Inc., Charlotte, NC, USA) was
conducted by a single occupational medicine
physician in a private examination room and in-
cluded evaluation of phoria, depth perception
ranges from 400 to 10 seconds of arc, VA (both
far and near, binocular and monocular), color
vision, and visual field in this sequence. Astigma-
tism was assessed separately using a Visiolite VT1
Vision Screener (Depisteo LLC, Atlanta, GA, USA).
The interpretation for color vision, phoria, and
total astigmatism followed the devices’ instruc-
tions, with details provided in the supplementary
file. After the evaluation using occupational eye
health screening tools, an ophthalmologist evalu-
ated the majority of the elements using standard
methods, with the exception of binocular vision,
visual field, and near VA. Ophthalmologist-stand-
ard tools were also used to examine the same five
aspects: 1) VA assessments were conducted using
an Early Treatment Diabetic Retinopathy Study
(ETDRS) Chart, with data presented as decimal
scores and converted to logMAR units. The ET-
DRS chart is the accepted benchmark in clinical
trials owing to its logarithmic progression and
high test-retest reliability (17). 2) Color blindness
examinations were performed via the Farnsworth
D15 test (Good-Lite Co., Elgin, IL, USA), a high
specificity tool capable of distinguishing protan
and deutan defects and grading mild to severe
deficiency (18). Abnormal results were indicated

(n=57)

All newly trained first-year physicians involved in
surgical procedures in June 2023

—

v

Excluded (n=4)
o Lack of consent to participate

(n=53)

Participant enrollment

i

Analyzed (n=53)
Complete data (n =53)

Figure 1. Study enrollment flow diagram
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by more than 2 crossing lines in a diagram. 3) Ste-
reoscopic depth perception was evaluated using
stereotest circles (Stereo Optical Co., Inc., Ltd.,
Chicago, IL, USA), with results ranging from 800
to 40 seconds of arc. This tool was selected for
its minimal monocular cues, validated sensitivity
to sub-arc-second disparities, and widespread
use in both research and clinical settings due to
its high specificity (19). 4) Phoria was assessed
using the ophthalmologist’s cover-uncover test,
which has demonstrated high specificity (20).
Phoria was indicated when the occluded eye
deviated and then returned to a straight position
upon removal of the occlude. 5) Measurements
for total astigmatism were conducted using an
Auto-refractometer (Nidek Co. Ltd., Aichi, Japan)
and categorized into four groups: none, direct
astigmatism (vertical meridian is steeper), inverse
astigmatism (horizontal meridian is steeper), and
oblique astigmatism. Ophthalmological diagnostic
tests were conducted at an ophthalmology clinic
under standard clinical settings. All tests were
conducted by trained personnel with experience
in operating each device. To minimize operator
bias and ensure standardization, the same exam-
iner conducted the same test for all participants.
Equipment setup and calibration followed clinic
protocols and manufacturer recommendations.

Statistical analysis

Descriptive analysis was used to determine
frequencies, mean averages, and proportions of
categorical and continuous variables. To compare
the results between the occupational health vision
screening tools and those used by ophthalmolo-
gists, pairwise correlation analysis was employed
to evaluate the correlation of best corrected VA
and stereo depth values. A correlation coefficient
close to +1 indicates a strong positive linear asso-
ciation, while a value near -1 signifies a strong
negative linear association. Conventionally, values
>0.7 are classified as ‘strong,’ 0.5-0.7 as ‘good,’
0.3-0.5 as ‘fair or moderate,” and <0.3 as a ‘weak’
correlation (21). The level of inter-rater agree-
ment in color vision assessment, phoria, and
astigmatism was evaluated using Cohen’s Kappa
to measure reliability for qualitative (categorical)
items was interpreted as follows (22): < 0.00 was
classified as ‘poor’, 0.00-0.20 as ‘slight’, 0.21-
0.40 as ‘fair’, 0.41-0.60 as ‘moderate’, 0.61-0.80
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as ‘substantial’, and 0.81-1.00 as almost perfect.
The statistical significance level was set at a p <
0.05 and the confidence interval at 95%. STATA
version 16.0 (StataCorp LLC, College Station, TX,
USA) was used to assess and evaluate all the data.

Ethical considerations

This study was approved by the Research Ethics
Committee, Faculty of Medicine, Chiang Mai
university, Thailand (study approval code: COM-
2565-09077). The study was reported according
to the STROBE guidelines.

RESULTS

A total of 53 first-year physicians who had
recently started their employment at the medical
school participated in the study, representing a
92.98% response rate. Most participants (92.40%)
reported no evidence of any underlying health
problems before taking part in this study. The
majority of participants (49.00%) relied solely on
glasses to correct their vision, followed by contact
lenses (7.60%), and a combination of both glasses
and contact lenses (5.70%). Of the participants,

Table 1. The Characteristics of the participants (N = 53)

Characteristics n (%)
Age (years), mean+SD 29.4+2.8
Weight (kg), mean+ SD 66.9+2.8
Height (cm), mean+SD 168.6+9.7
Gender

Female 18 (34.0)

Male 35 (66.0)
Underlying health conditions?

Yes 4 (7.6)

No 49 (92.4)
Current Use Visual aids

No 20 (37.7)

Glasses only 26 (49.0)

Contact lens only 4 (7.6)

Glasses and contact lens 3(5.7)
Use of artificial tears

Yes 16 (30.2)

No 37(69.8)
History of refractive surgery

No 43 (81.0)

Laser In situ keratomileusis (LASIK) 3(5.7)

Photorefractive keratectomy (PRK) 2(3.8)

Refractive lenticule extraction 3(5.7)

(ReLEx)/ small incision lenticule

Extraction (SMILE)

Implantable collamer lens 2(3.8)

aUnderlying health conditions: 3 cases of allergic rhinitis
and 1 case of dyslipidemia
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Table 2. Compared visual performance assessments (N = 53)

Occu'pz.ltlonal health Ophthalmologist
Parameters vision exams n (%)
n (%)
Color vision
Normal 52 (98.1) 52(98.1)
Abnormal 1(1.9) 1(L9)
Phoria
Far horizontal phoria
No phoria 31(58.5) 51(96.2)
Phoria is present 22 (41.5) 2(3.8)
Far vertical phoria
No phoria 51(96.2) 53 (100.0)
Phoria is present 2(3.8) 0(0.0)
Near horizontal phoria
No phoria 40 (75.5) 50 (94.3)
Phoria is present 13 (24.53) 3(5.7)
Near vertical phoria
No phoria 49 (92.45) 53 (100.0)
Phoria is present 4(7.55) 0(0.0)
Astigmatism, left eye
None 19 (35.8) 31(58.5)
Direct astigmatism 9 (17.0) 1(L9)
Inverse astigmatism 15 (28.3) 20 (37.7)
Oblique astigmatism 10 (18.9) 1(L9)
Astigmatism, right eye
None 25 (47.2) 16 (30.2)
Direct astigmatism 10 (18.9) 1(L9)
Inverse astigmatism 11(20.7) 34 (64.1)
Oblique astigmatism 7(13.2) 2(3.8)
Occu'p'fmonal health Ophthalmologist
Parameters vision exams (MeansSD)
(Mean+SD)
Best-Corrected Visual Acuity
Distance logMAR VA, both eyes 0.1061+0.1779 N/A
Distance logMAR VA, left eye 0.1235+0.1515 0.0150+0.0507
Distance logMAR VA, right eye 0.1504+0.2063 0.0215+0.0778
Near logMAR VA, both eyes 0.0447+0.1101 N/A
Near logMAR VA, left eye 0.1205=0.1701 N/A
Near logMAR VA right eye 0.1232+0.1446 N/A
Stereoscopic depth
Seconds of arc 84.3£98.6 43.619.4
Seconds of arc (median, P25, P75) 50,20,100 40,40,40

N/A, not applicable; SD, standard deviation

37.70% required no visual aids. A high proportion
of participants (69.80%) needed no artificial tears
and denied a history of refractive surgery (81.00%).
Additional information regarding participant
characteristics is provided in Table 1. Table 2 shows
details of the visual performance assessments of
the individuals who underwent evaluations for
each test parameter.

The data was used to compare assessments
performed by ophthalmologists to those carried

Biomedical Sciences and Clinical Medicine 2025,;64(3):239-247.

out during occupational health vision examina-
tions, as presented in Table 3 and Table 4. Color
vision screening showed a high level of agree-
ment between the two measurements, with a
kappa value of 1.00 and 100.00% agreement.
Phoria assessment using the occupational health
vision exam showed poor, non-significant agree-
ment. For astigmatism, only left-eye astigmatism
demonstrated fair agreement, with a Kappa value
of 0.21 and a statistically significant p-value of

243



Pheerasak Assavanopakun, et al.

Table 3. The agreement of outcomes in each visual performance assessment

Visual capacity assessments by ophthalmologists

Occupational health vision exams

Abnormal Normal Total % Kappa
Agreement (p-value)
Farnsworth Test
Color vision screening*
Abnormal 1 5 1 100% 1.000
Normal 0 52 52 (<0.001)
Total 1 52 53
Cover-uncover test
Far phoria®
Abnormal 1 15 16 69.81% 0.050
Normal 1 36 67 (0.267)
Total 2 51 53
Near phoria”
Abnormal 1 4 5 88.68% 0.190
Normal 2 46 48 (0.072)
Total 3 50 53
Right astigmatism
Astigmatism, right eye*
Abnormal 20 8 28 25.83% 0.035
Normal 17 8 25 (0.393)
Total 37 16 53
Left astigmatism
Astigmatism, left eye*
Abnormal 15 17 34 58.49% 0.210
Normal 5 14 19 (0.047)
Total 22 31 53

“Analyzed by kappa analysis

0.047. Table 4 shows the correlation analysis of
visual capacity, examining the association be-
tween variables evaluated using the occupational
vision test and the standard techniques performed
by ophthalmologists. Correlations that demon-
strated statistical significance were seen between
occupational stereoscopic depth and stereotest-
circles test (0.5997, p < 0.001), indicating a good
correlation. Additionally, a moderate correlation
was found between occupational VA and ETDTS
VA (maximum 20 /20) (0.4616, p < 0.001).

DISCUSSION

The studies indicated statistically significant
correlation in visual performance between as-
sessments conducted using occupational health
vision examinations and conducted by ophthal-
mologists. Specifically, correlations were ob-
served in stereoscopic depth and the stereotest
circles, as well as occupational best-corrected
visual acuity and ETDRS best-corrected VA (max-
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Table 4. Correlations of visual performance between the
assessments by Occupational health vision examination
and ophthalmologist

Correlation p-value

Occupational stereoscopic 0.5997 <0.001

depth vs. stereotest-circles

0.4616 <0.001

Occupational best corrected VA
vs. ETDRS best corrected VA
(maximum 20,/20)

ETDRS, Early Treatment Diabetic Retinopathy Study

imum 20/20), demonstrating strong and moder-
ate correlation strengths of 0.5997 and 0.4616, re-
spectively. The evaluation of stereoscopic depth
in minutes of arc revealed median measurements
of 50 seconds of arc with the occupational health
vision assessment and 40 seconds of arc with the
stereotest-circles performed by the ophthalmol-
ogist. Participants demonstrated superior stere-
oacuity with both tools, surpassing the threshold

Biomedical Sciences and Clinical Medicine 2025,64(3):239-247.
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of less than 60 seconds of arc observed in prior
studies (23, 24). Based on the significant corre-
lation, the occupational vision test can provide
good correlation results to assess stereoacuity
and to determine the level of stereoscopic depth.
However, the use of stereotest-circles was re-
stricted to the best stereoacuity measurement
of 40 seconds of arc (25). Additionally, monocular
cues in the easier test items may have partially in-
fluenced stereoscopic depth perception, allowing
participants to respond without truly perceiving
depth (26). The occupational vision screening tool
offers an extensive assessment of depth percep-
tion, reaching up to 10 seconds of arc, and may
be less affected by monocular cues. Although our
results do not determine the appropriate passing
threshold for the occupational health vision test
in surgical professionals, meeting the minimum
stereoscopic depth criteria in this test suggests
a high level of stereoscopic depth perception. A
good stereo depth function could enhance surgi-
cal skills, despite ongoing debates regarding the
level of stereopsis required for satisfactory per-
formance (23, 27).

We computed VA for both eyes and compared
it with the best-corrected VA as per the ETDRS
standard, with a maximum of 20/20. The corre-
lation between the two tests demonstrated sta-
tistical significance, but with moderate strength.
A previous study which developed a new VA test
and compared it with standard tools, found that
the new VA test demonstrated higher correlation
and lower error rates in right eyes (28). A previous
study found that occupational health vision ex-
ams had a positive predictive value of 20.40% and
a specificity level of 64.30% for visual impairment
screening, suggesting that there may be many
false positives which require additional investiga-
tion (29). In addition, other studies have indicated
that VA often provides worsen results when used
with the Landolt C chart, commonly employed in
occupational health vision examinations, com-
pared to the Snellen chart. However, the ob-
served discrepancies were minimal (30-33). In
our study, the majority of the participants did not
use artificial tears (69.80%) and currently used
visual aids (62.30%). The use of glasses or contact
lenses to correct refractive errors may affect ac-
commodative and binocular visual functions (34),
potentially affecting test outcomes. Additionally,
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tear film instability caused by dry eye can lead to
a decline in VA. Artificial tears, as a modifiable in-
tervention, may offer both immediate and long-
term benefits for VA improvement (35).

The color vision assessment in the occupa-
tional health vision examination demonstrated a
high level of agreement. This result was expected,
as the assessment details of this test were a con-
densed version of the Ishihara color vision test.
Although the color vision assessment in the oc-
cupational health vision examination is limited to
detecting congenital red-green color blindness,
it is sufficient for pre-placement screening. In
addition, nearly all Thai physicians have had color
vision examinations before beginning their med-
ical study (36). Based on our results, this color
vision assessment might be used as a screening
confirmation test for color vision problems
among interns, especially, as in the present study,
physicians with surgical skills. Other more-spe-
cific tools, such as the Hardy-Rand-Rittler (HRR)
pseudoisochromatic test, Farnsworth arrange-
ment test, and L’Anthony test D-15 test (37, 38),
may help to identify more specific details of color
blindness and its severity.

The inconsistent results for phoria and astig-
matism found in this study may be partly due to
chance. One possible explanation for the non-sig-
nificant result for phoria is that the occupation-
al health vision screener requires fixed conver-
gence to engage with the screen, which may
influence phoria adaptation (39). Future studies
should consider alternative designs to minimize
this effect.

This study demonstrated strength as a pio-
neering study intended to support the practical
application of occupational vision tests by eval-
uating the correlation between these tests and
standard tests performed by ophthalmologists.
Stereo depth as measured by the device may serve
as a reliable standard for screening fine binocular
function and as rule-out tests for subtle binocu-
lar abnormalities. In contrast, VA and color vision
measurements are most effective for ruling out
gross deficits prior to confirmation with further
standard assessments.

This study does, however, have certain limi-
tations. Although the study attempted to reduce
operator bias by having the same examiner con-
duct all tests, the lack of blinding could still have
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introduced observer bias, where prior knowledge
of a participant’s status may have unintentionally
influenced the assessment. Another limitation is
the study design, as the cross-sectional study was
conducted in the specific context of a teaching
hospital. The recruitment of participants may
have led to a healthy participant effect due to
selection bias, despite exceeding the calculated
required study population size. As a pilot study,
it is appropriate only for pre-placement assess-
ments of newly trained interns in departments
requiring surgical skills. Future studies should
include more diverse participants, be conducted
over longer periods of employment, and focus on
specific surgical procedures that may influence
visual fatigue. Healthcare professionals may ex-
perience visual fatigue not only during conven-
tional surgery but also during specialized proce-
dures such as robotic surgery (40). Establishing
visual performance standards for more special-
ized surgical procedures will? require additional
research.

CONCLUSIONS

The applicability of the Occupational Vision
Test appears to depend on which specific para-
meters are being evaluated. Phoria exhibited high
specificity, whereas stereoscopic depth and the
best-corrected VA test for both eyes showed
strong and moderate correlation with standard
methods, respectively. The color blindness test
demonstrated high agreement with standard
tests. These findings highlight its potential for
optimizing visual assessment of surgical health
professionals. Future studies that include more
diverse participant populations and which pro-
vide more information about specific surgical
procedures could improve understanding of how
suitable different occupational vision tests are for
various surgical uses and clinical applications.
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INTRODUCTION

ABSTRACT

Postoperative sepsis (POS) is a condition characterized by infection
occurring after surgery, often caused by microbial contamination,
with potential severe consequences including widespread inflam-
mation and organ failure. This comprehensive review delves into
the intricate landscape of postoperative sepsis, causative microor-
ganisms, global incidence, mortality rates, and diverse treatment
approaches across different surgical procedures. Microbial factors,
ranging from contaminated instruments to the host’s skin flora,
can contribute to POS. The prevalence of resistant microorganisms
in healthcare settings amplifies the complexity of treatment and
underscores its critical impact on postoperative outcomes. Effec-
tive pharmacotherapy forms the basis of treating POS, where timely
initiation of broad-spectrum antibiotics is significant. Antibiotic
choices are tailored according to local resistance patterns, where
drugs such as carbapenems, vancomycin, and linezolid are commonly
employed for the treatment of multi drug resistant organisms. The
multifactorial nature of POS, influenced by host immunity, antibio-
tic usage, anaesthesia types, and surgical duration, is dissected to
highlight areas for targeted intervention. The review culminates in
a discussion of potential avenues for research and improvement in
the management of postoperative sepsis on a global scale.

KEYWORDS postoperative sepsis, surgical infections, microbial con-
tamination, antimicrobial resistance, mortality rates, antibiotic therapy,
global incidence

be from contamination of surgical equipment or

Nearly 40.0% of postoperative complications
are attributed to postoperative sepsis (POS).
Worldwide, POS accounts for about 20.0% of
all healthcare-associated diseases. POS is an in-
fection that may be acquired within 30 days of
surgery or, in case of an implant, after a year. It
is common in rural hospitals due to the lack of
adequate hygienic infrastructure to perform sur-
geries and is also prevalent in developing and de-
veloped countries. The source of infection could

from the patient’s microflora. POS has multiple
risk factors, including both procedural and pa-
tient-related variables, with high body mass index
(BMI) being a significant concern, with obesity
(BMI =30 kg /m?) associated with increased surgi-
cal site infections (SSI) due to poor wound healing
and immune dysregulation. Additionally, the host’s
immunity, use of antibiotics, the type of anaes-
thesia and duration of the surgery are also con-
siderations (1). Risk factors can also be associated
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with race, age, and sex of the patient as well as
the proportion of untrained hospital professionals.
POS is frequent after abdominal and thoracic
surgery.

POS can be visualized as an infected region of
the surgical site, but immune components also
play a major role in this process (2). Neutrophil
and monocyte activation coincides with the in-
cidence of POS. Monocyte activation impairment
may lead to defective antigen presenting ability
of the cells, eventually leading to POS. Immuno-
suppression resulting from postoperative anergy
is the major concern among causes of POS (3).

Pharmacotherapy can help prevent and man-
age POS, covering both prophylactic and thera-
peutic aspects. Antibiotics administered prior to
surgery as part of preoperative antibiotic proph-
ylaxis, can lower the risk of postoperative infec-
tions (4). Research indicates that administering
antibiotics preoperatively can lower the inci-
dence of wound infection by more than 80.0%
when compared to patients who do not receive
prophylactic treatment. This is especially crucial
for procedures involving bone grafting, artificial
implants, major dissections, or significant blood
loss. Preoperative systemic prophylactic anti-
biotics should be administered at least half an
hour before the skin incision. A number of con-
siderations, including cost, safety, convenience
of administration, pharmacokinetic profile, and
bactericidal activity, are taken into consideration

in choosing antibiotics. For surgical prophylaxis,
cefazolin is often prescribed for individuals who
have never experienced Methicillin-Resistant
Staphylococcus aureus (MRSA) infection or B-
lactam allergy. Patients with severe cefazolin
allergiesare frequentlymedicated with substitutes
such as clindamycin or vancomycin. For individuals
who need more defence against microbes, other
antibiotics including cefazolin plus metronida-
zole, cefoxitin, or ertapenem may be required (5).
Significant therapy with agents like carbapenems,
are effective against ESBL-producing Escherichia
coli and Klebsiella pneumoniae, and vancomycin
or linezolid for early intervention are very impor-
tant. Further targeted therapy with antimicrobial
agents can be guided by susceptibility testing,
making the determination of the intervention
more precise, e.g., combining regimens of ceftri-
axone with metronidazole for polymicrobial in-
fections (6).

Microorganisms that cause POS are numerous
and difficult to control as all of them are resistant
to a wide range of antibiotics. The fact that micro-
organisms that cause POS are widespread in
hospital settings is an underlying cause of their
antimicrobial resistance. For this reason, the
microorganisms must be widely known and devel-
opment of further understanding of their specific
resistance is warranted to help fight against POS.
The global incidence of POS associated with dif-
ferent surgical conditions, is depicted in Figure 1.

M cataract surgery

M carotid endarterectomy

H coronary artery bypass
Dilation & curettage

m tonsillectomy

M caesarean section

M Inguinal hernia repair surgery

B cholecystectomy

B colorectal surgery

M appendectomy

Figure 1. Global occurence of POS associated with the surgical conditions studied
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CATARACT SURGERY

Cataract surgery is a common procedure in
which a cataract (opaque) lens is extracted in order
to restore vision by replacement with a new arti-
ficial lens. The indications for cataract surgery
include obscured vision, double vision, impaired
night vision, hypersensitivity to the glare of the
sun and increased size of the cataract as diag-
nosed by clinician. An atypical yet severe post-
operative septic condition subsequent to this
surgical intervention is endophthalmitis (7). This
condition is represented by purulent discharge
because of infection but has a surprisingly low
mortality rate (8).

A number of co-morbid factors have been
identified that could potentially increase the risk
and occurrence of post-cataract endophthalmitis.
Preoperative risk factors include age >85 years,
diabetes mellitus, immunosuppression and the
use of contact lenses in addition to co-existing
ophthalmic conditions like uveitis, retinal detach-
ment, ocular prosthesis, blockage of lacrimal duct,
blepharitis, canaliculitis, glaucoma, conjunctivitis
and several other eye abnormalities (8).

Certain surgical incisions, such as clear corneal
incision and scleral tunnel incision, are employed
for cataract surgery of which the former is asso-
ciated with an increased risk for the manifestation
of endophthalmitis. A frequent complication in
this surgery is the risk of rupture of the posterior
lens capsule which can pave the way for this septic
condition. Furthermore, the material of the artifi-
cial lens used for the replacement following removal
of a cataract influences likelihood of acquiring
sepsis. For instance, a lens made of silicon optics
enhances the chances for sepsis in contrast to a
lens made of acrylic optics (9).

Sepsis resulting from a galactosaemic cataract
is typically triggered by bacterial infections in-
cluding E. coli, Klebsiella spp., Enterobacter spp.,
Beta Streptococcus spp. and Streptococcus faeca-
lis (10). On the other hand, MRSA (11), Stenotro-
phomonas maltophilia, Staphylococcus epider-
midis, Staphylococcus aureus, Candida albicans,
Corynebacterium spp. (8), Pseudomonas aerugino-
sa (9) and Propionibacterium acnes (12) are pre-
dominantly responsible for endophthalmitis with
coagulase-negative Streptococci accounting for
the majority of cases (70.0%).
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Pharmacotherapy for post-cataract septic
conditions varies with respect to antibiotic sen-
sitivity of the bacterial strains and grouping of
sepsis. E. coli-induced sepsis in galactosaemic
cataracts is treated with Cefotaxime, Ceftriaxone,
piperacillin, gentamycin, ampicillin and amikacin
(10). In general, Cefuroxime (9) is commonly pre-
scribed for reducing the possibility of post-cataract
endophthalmitis. Gentamycin and Vancomycin
(11) are administered for endophthalmitis caused
by MRSA owing to the resistance exhibited by
certain strains of MRSA to Fluoroquinolones (12).

Drug resistant strains are targeted by suitable
and specific antibiotics. For example: (i) a combina-
tion of Cefotaxime (inhibition of penicillin-binding
proteins causing cell death) and Mecillinam
(inhibition of penicillin-binding protein) (2) for
multidrug resistant E. coli strains (13), (ii) Doripe-
nem (inhibition of penicillin-binding proteins
causing cell death) and Ceftobiprole to treat P.
aeruginosa infections and (iii) Levonadifloxacin
WCK 771 (specific binding to DNA gyrase thus
terminating DNA replication) (14) to treat Fluo-
roquinolone resistant MRSA have demonstrated
promising results.

CAROTID ENDARTERECTOMY

Carotid endarterectomy (CEA) is a surgical
procedure that involves the removal of plaque
from the carotid arteries in order to minimize the
risk of stroke arising from carotid artery stenosis.
This surgery is indicated in symptomatic cases
presenting with stroke or transient ischemic
attack (TIA) as well as in asymptomatic cases (15).
A study reported a very low incidence of POS,
about <1%, following CEA (16).

Risk factors for CEA include age 280 years,
congestive cardiac failure (CCF), coronary artery
disease (CAD), need for open heart surgery, angi-
na pectoris, recent heart attack, chronic obstruc-
tive pulmonary disease (COPD), renal disease and
prior radical neck surgery or radiation therapy.

The causative organisms responsible for POS
encompass MRSA, S. epidermidis, S. aureus, En-
terobacter aerogenes, methicillin-susceptible
Staphylococcus aureus (MSSA), methicillin-resist-
ant Staphylococcus epidermidis (MRSE), Strepto-
coccus agalactiae, Bacteroides fragilis, Streptococcus
viridans, Proteus mirabilis, P. aeruginosa (15-18)
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Staphylococcus hominis and Streptococcus pyo-
genes. Pharmacotherapy for post-op CEA sepsis is
crucial for successful recovery of affected people.
Vancomycin and cefazolin (inhibition of cell wall
synthesis) have been prescribed for preoperative
antibiotic regimens (18). MRSA infection is treated
with cefuroxime (inhibition of cell wall synthesis)
and vancomycin, linezolid (inhibition of protein
synthesis) (17). Rocephin (inhibition of cell wall
synthesis) is administered for MSSA, S. agalactiae
and E. aerogenes infections. Doxycycline (inhibi-
tion of protein synthesis), a broad-spectrum anti-
biotic, is employed for MRSE infection. Zosyn is
recommended for S. hominis infection. Other
suggested antibiotics include levofloxacin, trova-
floxacin, amoxycillin/clavulanate (B-lactamase
inhibition), ceftriaxone, ceftazidime and oxacillin
(18). Specific strains of S. hominis have exhibited
multidrug resistance towards penicillin, oxacillin,
methicillin, kanamycin, gentamycin, streptomy-
cin, tetracycline, erythromycin, clindamyecin,
chloramphenicol, cotrimoxazole and ciproflox-
acin (inhibition of cell wall synthesis) for which
limited alternatives exist (19).

CORONARY ARTERY BYPASS

Coronary artery bypass (CAB) is a medical pro-
cedure that re-establishes blood circulation to
the heart by removing any obstruction in the cor-
onary artery, which plays a vital role in supplying
blood to heart. Reasons that demand the surgery
include angina, prominent left main coronary
artery stenosis, left main equivalent disease, triple
vessel disease, double coronary vessel disease,
stenosis involving single or multiple vessels, dis-
abling angina, abnormal left ventricular activity,
unsuccessful percutaneous transluminal coronary
angioplasty (PTCA), as well as immediately after
myocardial infarction (MI), arrhythmias and oc-
clusion of grafts from previous CABs.

Postoperative septic manifestation has been
recognised as a perpetuating factor contributing
to increased mortality. Some of the co-morbid
factors for the POS following CAB include the age
factor (generally above 80 years), poor pre-op-
erative functional management (20), chron-
ic diseases like diabetes mellitus, congestive
heart failure, chronic kidney disease, obesity (high
BMI 230 kg/m?), smoking (21), ill health, malnu-
trition, immunosuppressive effects of extracor-
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poreal bypass, prolonged intubation and use of
indwelling appliances (drains) (22). Other consid-
erations could include infections such as pneu-
monia, mediastinitis, urinary tract infections,
endocarditis or infected prosthetic materials, air-
way colonization with nosocomial bacteria (23),
systemic arterial hypertension, dyslipidaemia,
family history of CAD, haemodialysis and car-
diogenic shock in the pre-operative period and
treatment with immunosuppressive agents as in
the case of an extracorporeal bypass (24).

A wide variety of microorganisms were found
tobe involved in sepsis development. Lineaweaver
et al. (1992) observed E. coli, Klebsiella spp. and
Enterobacter spp. Ford et al. (1991) reported
Haemophilus spp. and Candida spp. De Olivei-
ra et al. (2010) isolated P. mirabilis, S. maltophil-
ia, E. aerogenes, S. aureus, Enterobacter cloacae,
Acinetobacter calcoaceticus, Candida glabrata, S.
maltophilia, S. viridans, Staphylococcus coagulase,
Flavobacterium, S. faecalis, Neisseria spp. and
yeast. S. epidermidis and C. albicans were iden-
tified as the two common pathogens in various
works including those of De Oliveira et al. (2010)
and Michalopoulos et al. (2003). Ceftriaxone,
meropenem, cefepime, teicoplanin, clindamycin
and ceftazidime were the antibiotics used in those
cases (20). S. epidermidis infection can be treat-
ed with a broad range of antibiotics including
gentamycin, vancomycin, imipenem, cephapirin,
clindamycin and trimethoprim-sulfamethoxaz-
ole. Pseudomonas MDR was noted to be resist-
ant but treatable with ceftazidime, cefepime and
polymyxin. Colistin (Polymyxin E), an effective
drug, adheres to the lipopolysaccharides on the
cell membrane, causing lysis of the cell (Table 1)
(25, 26).

DILATION AND CURETTAGE

Dilation and curettage (D&C) is a gynaecolog-
ical procedure which involves the dilation of the
cervix and excision tissue from the uterine lining
by scraping or scooping techniques using a cu-
rette. This surgery is recommended by clinicians
in cases such as abnormal uterine bleeding, cervi-
cal polyps (27), vaginal bleeding, detection of can-
cerous cells (28), caesarean scar pregnancy (CSP)
(29), molar pregnancy (30), abortion and miscar-
riage (31). Precipitating factors for POSinclude mo-
lar pregnancy, hypertension, intercourse, use of
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Table 1. Drug resistance associated with postoperative sepsis

Surgery Details of drug

resistance

) ) Mechanism of antibiotic
Drug resistant microbes

resistance

Cataract surgery  Methicillin-Resistant Staphylococcus
aureus (MRSA), Staphylococcus epi-
dermidis, Pseudomonas aeruginosa,

Candida albicans, Coagulase-negative
Staphylococci

P. aeruginosa, Methicillin-Resistant
Staphylococcus epidermidis (MRSE),

Penicillin, cephalo-
sporins, carbapenems,
fluoroquinolones,
azoles

Altered penicillin-binding
proteins (PBPs), B-lactamase pro-
duction, efflux pumps, enzymatic

degradation of antifungals, cell
wall synthesis inhibition resistance
Carotid endar-

Carbapenems, cepha-
terectomy, patch

Efflux pump overexpression,

angioplasty Methicillin-susceptible Staphylo-

coccus aureus (MSSA), Enterobacter

aerogenes, Serratia marcescens
Coronary artery

Klebsiella pneumoniae
bypass

(ESBL-producing), Multidrug-
Resistant Pseudomonas spp.,
Enterobacter cloacae, Acinetobacter
calcoaceticus, Candida glabrata,
S. epidermidis
ESBL-producing Escherichia coli,
Streptococus agalactiae,
Clostridium perfringens,
Gardnerella vaginalis, Group B
Streptococcus
Macrolide-Resistant Streptococcus
pyogenes, Haemophilus influenzae,
B-lactamase-producing
Bacteroides spp.

Dilation &
curettage

Tonsillectomy

Caesarean

Vancomycin-resistant Enterococcus
section

faecium (VRE), Carbapenem- Resist-
ant E. coli, K. pneumoniae, MRSA,
MSSA

Multidrug-resistant Acinetobacter
baumannii, Azole-Resistant
Aspergillus fumigatus, S. epidermidis,
Coryne-bacterium spp., Coagulase-
negative Staphylococci

Inguinal hernia
repair surgery

Cholecystectomy Carbapenem-Resistant E. coli,

Clostridium perfringens,
P. aeruginosa, Enterococcus spp.

Colorectal

Metronidazole-resistant Bacteroides
surgery

fragilis, ESBL-producing E. coli, K.
pneumoniae, Candida albicans, Car-
bapenem-resistant
A. baumannit
AmpC B-lactamase-producing Entero-
bacter cloacae, ESBL-producing E. coli
and Klebsiella spp., Enterobacter spp.,
Bacteroides fragilis, Multi-drug-
Resistant Gram-Negative Rods (GNRs)

Appendectomy

B-lactamase, azoles

losporins, aminoglyco-

carbapenemase
sides, penicillin

enzyme production, B-lactamase
production, porin loss

Penicillin, cephalo-

Hydrolysis of p-lactam antibiotics
sporins, azoles, amino-

by ESBLSs, efflux pumps, f-lactama-

glycosides se enzyme activity, resistance to
azoles by ergosterol binding
alteration, multidrug efflux pumps
Cephalosporins

Plasmid-mediated ESBL gene
resistance, p-lactamase produc-
tion, enzymatic inactivation of
antimicrobials,
altered protein binding
Methylation of 23S rRNA (blocking
macrolide bind-ing), p-lactamase
enzyme activity, porin modifica-
tions, altered nitro-reductase
enzyme for drug activation

(3" gen), aminogly-
cosides, vancomycin,
penicillin

Macrolides,
penicillin, p-lactams

Vancomyecin, VanA /VanB operons modifying
carbapenems, D-Ala-D-Ala terminal, carbap-

penicillin, enemase enzyme production,
cephalosporins

B-lactamase activity, altered PBPs
Azoles, B-lactams,

Efflux pumps, B-lactamase
amino-glycosides

enzymes, outer membrane

protein loss, ergosterol binding

alteration, enzymatic degrada-
tion of cell wall inhibitors

Carbapenems, Carbapenemase enzyme ac-tivity,
vancomycin, altered cell wall syn-thesis path-
aminoglycosides, ways, efflux pumps, p-lactamase
cephalosporins production
) Altered nitro-reductase
Metronidazole, .
enzyme, hydrolysis of B-lacta-

carbapenems,

mase antibiotics, efflux pumps,
azole resistance via ergosterol

modification
Cephalosporins, Inducible AmpC genemediated
p-lactamase, cephalosporin hydrolysis,
carbapenems, B-lactamase enzyme production,
metronidazole

altered nitro-reductase enzyme,
efflux pumps, carbapenemase
activity
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tampons, douching, diabetes, cancer, alcoholism,
pelvic inflammatory disease (PID), liver cirrhosis,
neurological impairment (32) and placenta accre-
ta (33).

Organisms involved in the occurrence of sepsis
can cause a wide variety of manifestations ranging
from fever and abdominal pain to life-threatening
conditions like haemolysis, coagulopathy, uterine
haemorrhage, and endocarditis. Potential patho-
genic organisms cited include Neisseria gonor-
rhoeae and Chlamydia trachomatis (32), Clostrid-
ium perfringens, Clostridium sordelli (34), S. vir-
idans, E. coli, Group A Streptococcus (33), Group
B Streptococcus (32), LactoBacillus jensenii (35),
Gardenerella vaginalis (36) and E. faecalis (37).

Antibiotic therapy treatment is comprised of
the combination of one or more drugs for an ef-
fective recovery. Intravenous ceftriaxone, genta-
mycin, doxycycline, penicillin, vancomycin (32),
IV piperacillin /tazobactam, metronidazole (33, 38),
cefmetazole, cefepime, cephalexin, cefuroxime,
erythromycin, trimethoprim/sulfamethoxazole,
ertapenem and metronidazole, ertapenem and
clindamycin (33) levofloxacin and ciprofloxacin
(38) are some of the suggested drugs. The mode
of action of these antibiotics includes inhibition
of nucleic acid synthesis and protein synthesis
inhibition. In recent years, due to increased
demand for these drugs employed as a remedy,
several microbes have acquired resistance to an-
tibiotics, making counter treatment a challenging
task.

TONSILLECTOMY

Tonsillectomy is a surgical intervention that
involves the excision of both the palatine tonsils.
The common cues that indicate surgery is neces-
sary include frequent infection instigating tonsil-
litis, difficulty in breathing and swallowing due to
obstruction caused by swollen tonsils, obstruc-
tive sleep apnea (OSA), atypical tonsils, cancer
of either/both tonsils (squamous cell carcinoma
and lymphoma), haemorrhage in tonsils’ blood
vessels, adenoiditis, peritonsillar abscess, tonsillitis
as a complication arising from immunoglobulin A
nephropathy (IgAN)(39), guttate psoriasis, chronic
plaque psoriasis (40), periodic fever aphthous
stomatitis pharyngitis adenitis (PFAPA) syndrome
(41) and paediatric autoimmune neuropsychiatric
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disorders associated with streptococcal infection
syndrome (PANDAS) (42).

Since children represent the majority of pa-
tients referred for tonsillectomy, certain standards
need to be met in order to minimize any postoper-
ative consequences. The prime points of the par-
adise criteria for tonsillectomy include individuals
affected at a frequency greater than or equal to
seven episodes in the past year, five episodes per
year for the last two years and three episodes
per year for the last three years. In addition to
this, vigorousness of the episodes also influences
the final decision. Distributed sepsis is a quite
rare phenomenon post-tonsillectomy. Young
children are more susceptible to acquiring infec-
tions, tachycardia, hypotension (43), bleeding
disorders (anaemia), local infection, allergic con-
ditions and hyperthermia are among the risk factors.

Microorganisms associated with post-ton-
sillectomy septic infection include Aerobes -
E. coli, Group A B Hemolytic Streptococci (GAB-
HS), Enterobacter spp., Haemophilus influenza,
Group C B Hemolytic Streptococci (GCBHS), S.
aureus, Group F B Hemolytic Streptococci (GFB-
HS), S. pneumoniae, S. viridans, Strep. pyogenes;
anaerobes-Fusobacterium necrophorum (obligate),
Bacteroides melanigenicus gram-negative cocco-
bacilli and gram-positive cocci. Interestingly,
normal flora and unclassified Streptococci (44)
have also been identified.

In order to reduce the possibility of developing
sepsis, only a few, yet effective, antibiotics are pre-
scribed. The administration of antibiotics reduces
the intensity of infection but not the obstruction.
Hence, the latter remains a primary indicator
for tonsillectomy surgery. Cefazolin for the
preoperative period, ampicillin and amoxicillin
for S. pyogenes (45), amoxicillin and clavulanate
potassium (Augmentin) for B-lactamase producing
bacteria, ticarcillin disodium and -clavulanate
potassium (inhibition of beta lactamase) and
Timentin (46) for the perioperative period have
been prescribed. However, the use of antibiotics
following surgery is not recommended unless it
is necessary since evidence suggests that wors-
ening of an already existing condition is possible,
e.g., oral antibiotics might exaggerate the post-
operative consequences (bleeding) (47).
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CAESAREAN SECTION

Caesarean section or C-section (CS) is an ob-
stetrical procedure wherein an incision is cre-
ated in the mother’s abdomen and/or uterus
for parturition. This surgery may be opted for
in cases of earlier CS, post term dates, cepha-
lopelvic disproportion, labour dystocia, foetal
distress, unfavourable cervix, rhesus incompati-
bility, failed induction, antepartum haemorrhage,
oligohydramnios, placenta praevia, HIV infection,
narrowed pelvis, breech presentation (48) fear of
vaginal childbirth, to avoid episiotomy, older age
and the number of previous abortions.

Associated factors that increase the preva-
lence of sepsis include gestational age, Cesarean
section, mechanical ventilation, patent ductus
arteriosus, necrotizing enterocolitis, bronchopul-
monary dysplasia, duration of labour, frequency
of preoperative vaginal examinations and mem-
brane ruptures prior to delivery. Other factors
may include postoperative anaemia (49), obesity,
use of intrauterine devices, avoidance of the use
of plastic draping, re-disinfection, diabetes mel-
litus, gestational diabetes and chronic hyperten-
sion (50).

Microbial species that play a pivotal role in
the development of sepsis include Beta Hemo-
lytic Streptococct, E. coli, S. aureus, Actinomyces
neuii, S. epidermidis, Micrococcus spp., Bacillus
spp., Propionibacterium spp., group A and group
B Streptococci (49, 51). A few more factors that
can be added to the list include being coagulase
negative for Staphylococci, Klebsiella spp., gram
positive and negative organisms, Candida spp.,
Acinetobacter spp., P. aeruginosa, S. pneumoniae,
Enterococcus spp., K. pneumoniae, Neisseria and
C. freundii (52).

Medications prescribed for treatment of POS
include intravenous cefuroxime, first- or second-
generation cephalosporins for S. aureus, second-
generation cephalosporins for E. coli, ceftazidime,
metronidazole, G-penicillin, erythromycin, gen-
tamicin, penicillin and cephalexin (51). Tumu-
hamye et al. (2020) mentioned some other drugs
such as vancomycin, ampicillin, netilmicin, tetra-
cycline, trimethoprim/sulfamethoxazole, chlo-
ramphenicol, amoxicillin /clavulanic acid, ceftri-
axone and imipenem which inhibit cell wall and
protein synthesis (52).
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Microbes carrying resistance to antibiotics in-
clude metronidazole-resistant Actinomyces neuii
which can be countered with cefuroxime which
possess bactericidal activity, blocking the inter-
connection of peptidoglycan and thus inhibiting
bacterial cell wall synthesis. They also induce
production of autolysins that leads to cell death.
Another resistant organism is Morganella morga-
nii that is insensitive to first and second-genera-
tion cephalosporin (51).

INGUINAL HERNIA REPAIR SURGERY

Hernia is a swelling that occurs in the abdo-
minal wall that loosens and causes spillage of
abdominal components into the inguinal canal
which can be rectified by inguinal hernia repair
(IHR) surgery. Unilateral or bilateral inguinal
hernia, hindrance of day-to-day tasks and excru-
ciating pain are some of the common indications
for the surgery (53-55).

Diabetes mellitus, smoking (56), obesity, co-
existing infection, altered immune response, in-
creased age (>60 years), nutritional status, HIV
status and gender (53) are significant influencing
factors for POS. Certain other factors include
complicated hernia repair, type of mesh used,
history of prior mesh infection (56), operative
contamination (57), ischemic heart disease, COPD
(58), hypertension, liver or renal impairment, res-
piratory conditions, MI and peptic ulcer (59, 60).

Microorganisms involved in sepsis mani-
festation include S. aureus, coagulase negative
Staphylococci (56, 57, 61), E. faecalis, Group G
Streptococcus, Anaerobic coccus, Corynebacteri-
um, Hemolytic Streptococcus, Aspergillus fumiga-
tus (53), gram negative cocci, S. epidermidis and
gram-negative bacteria (62, 63).

Chemotherapy advised for the treatment of a
septic condition includes cefuroxime (53), vanco-
mycin, cephalosporins, cefazolin (56), amoxicillin
and clavulanic acid (57), ampicillin and sulbac-
tam. Teicoplanin, oxacillin, nafcillin, piperacillin,
penicillin g, imipenem, gentamycin, streptomy-
cin, ceftriaxone, cefotaxime, arbekacin, oflaxa-
cin, daptomycin, ceftobiprole and ceftaroline (62)
are also commonly prescribed. Among the listed
organisms, A. fumigatus was found to be resist-
ant to azoles (63, 64) which can be mitigated by
amphotericin B (disrupts the cell membrane) (65).
The drug binds to ergosterol, a lipid component
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of the cell wall, leading to perforation, oozing of
intracellular contents and fungal cell death.

CHOLECYSTECTOMY

Cholecystectomy is a surgical intervention
involving removal of the gall bladder. Conditions
for which surgery is recommended include acute
or chronic cholecystitis, pancreatitis, obstructive
jaundice, gallstone disease (66) and cholelithiasis
(67).

Older age, decreased preoperative albumin,
prolonged operation time, female gender (68),
chronic kidney disease, connective tissue disease,
cirrhosis, complicated and uncomplicated diabetes,
obesity, gallbladder perforation, antibiotic treat-
ment (67) open or laparoscopic surgery (66),
development of bile leakage, intra-abdominal
abscess and pneumonia after laparoscopic chol-
ecystectomy, degree of contamination (68), neo-
plasm, pre-operative razor shaving (67) are regarded
as risk factors for SSI.

Organisms associated with postoperative in-
fection include E. coli, Klebsiella spp., Streptococ-
cus spp. (69), S. aureus (70), Enterobacter spp, En-
terococcus spp. (68), E. faecium, K. pneumonia, C.
albicans, P. aeruginosa, M. morganii, P. mirabilis
(67), C. perfringens (71), (72) and E. cloacae (73).

Amoxicillin-clavulinic acid (73), gentamycin
(67), ciprofloxacin + metronidazole (74) cefazolin
(75-77) cefotaxime (78, 79) and cefuroxime (80, 81)
are prescribed for infection. Resistance to metro-
nidazole, ceftriaxone, imipenem, clindamyecin,
penicillin G, chloramphenicol (82), and vancomy-
cin has been demonstrated in certain strains, in-
cluding Clostridium perfringens. These infections
may be effectively treated with alternatives such
as amoxicillin, cephradine, fosfomycin (which
inhibits nucleic acid synthesis), and Florfenicol
(83). Thus, understanding the patterns of antibiotic
resistance among important infections can be
crucial for developing therapeutic approaches
(Table 2).

COLORECTAL SURGERY

Colorectal surgery is a surgical procedure done
to treat disorders arising from the rectum, colon
or anus. Indications for surgery include abdominal
adhesions, volvulus, ulcerative colitis, diverticuli-
tis, colorectal cancer, Crohn’s disease and familial
adenomatous polyposis (FAP) (84).
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Factors associated with this surgery include
age,race, sex, diabetes, obesity, smoking,immuno-
suppression, steroid use, malnutrition, postopera-
tive hypothermia, Hartmann’s procedure, hypoal-
buminemia, postoperative hypotension, BMI 230
kg /m? (85), chronic liver disease, metastatic neo-
plasm cardiovascular disease and chronic renal
disease. Antibiotic prophylaxis, bowel prepara-
tion, fluid management, oxygen supply and skin
disinfection also influence the occurrence.

E. coli, E. cloacae, Aeromonas sobria, P. aerugi-
nosa, K. pneumonia (85, 86), E. faecalis, M. morganii,
E. faecium, Candida albicans (87), Acinetobacter bau-
manii, S. epidermidis, S. aureus and P. mirabilis
(88) are some of the microorganisms identified as
causing SSI.

Aminoglycoside, ampicillin, metronidazole (89,
90) piperacillin-tazobactam, Amikacin, Amoxicillin-
clavulanate, Ciprofloxacin, Co-trimoxazole, gen-
tamicin, cefotaxime, nitrofurantoin, ceftazidime,
carbapenems, ampicillin-sulbactam, linezolid,
vancomycin (83), clindamycin, cephalosporins
(89), neomycin, erythromycin, tobramycin and
colistin sulphate (disrupts the cell membrane) (90,
91) are widely employed in the treatment of in-
fection. Extended-spectrum f-lactamase (ESBL)
producing pathogens are resistant to B-lactam
antibiotics such as amoxicillin-clavulanate (92),
but can be managed by administration of Mero-
penem, Imipenem and other carbapenems (93).

APPENDECTOMY

Appendectomy is a surgery that involves re-
moval of the appendix in order to cure appen-
dicitis (94, 95). Acute cholecystitis, simple and
suppurative acute appendicitis, gangrenous and
perforated acute appendicitis (96, 97) and lesion in
the appendix are some of the conditions that ne-
cessitate the procedure. Co-morbidities for POS
include age >60 years, African American race,
morbid obesity, acute renal failure or dialysis,
disseminated malignancy, open appendectomy
(98), diabetes, greater incisional length, faecal
contamination, and longer operative time (99).

Sepsis following surgery may involve one or
more microorganisms such as B. fragilis and E.
coli (97, 100). Beta Streptococcus, S. aureus (100),
P. aeruginosa, and other gram-negative rods
including Enterococcus and other anaerobes (96),
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Bacteroides, Klebsiella/Enterobacter spp., S. faecalis
and anaerobic Streptococci (100) may also play a
role.

Sepsis can be prevented by administration of
antibiotics. Cephalosporin, cefamandole, netilmicin,
gentamicin (96), penicillin, streptomycin, chlo-
rtetracycline, oxytetracycline, tetracycline, chlo-
ramphenicol and erythromycin (94), sulbactam
and ampicillin (sa), metronidazole and cefotaxime
(101) are widely used in chemotherapy.

The prevalence and mortality rates associat-
ed with the postoperative sepsis conditions are
summarised in Table 2 (102-108).

CONCLUSION

POS remains a significant challenge across
various surgical conditions encompassing com-
plications that extend beyond the immediate
postoperative period. Microbial pathogens play a
crucial role in the development and progression
of sepsis, highlighting the importance of effective
infection prevention strategies and targeted anti-
microbial therapy. Pharmacotherapy plays an es-
sential role in minimizing the load of POS, especially
with increasing multidrug-resistant pathogens.
Targeted therapies, including linezolid for van-
comycin-resistant E. faecium and ceftazidime-
avibactam for p-lactamase-producing organisms,

Table 2. List of surgical conditions, their prevalence and mortality rates due to postoperative sepsis (POS)

Surgical POS Risk factors for POS Mortality rate due
Surgery
prevalence to POS
Cataract surgery 7.75% (6.38% in Postoperative Older age, preexisting 4.60% in duration of
males and 9.01% endophthalmites ocular inflammation 30 days
in females)
Carotid endarterecto- 67.20% Rare complication of Diabetes mellitus (type 3.00%

my, patch angioplasty

infection

2, HbAlc = 6.50%), poor
surgical hygiene

Coronary artery 150,000 Airway colonisation, Prolonged ICU stay, 32.00-79.00%
bypass surgeries done UTI obesity (BMI = 35), diabetes
annually (type 2, un-controlled
HbAlc > 8.00%), smoking
Dilation & curettage 30.00% in Uterine infection, Incomplete abortion, 0.6 per 100,000 legally
females bleeding (haemolysis) anaemia (Hb <9 g/dL) performed induced
abortions
Tonsillectomy 13.60% Pneumonia, superfi- Immune suppression, 7 per 100,000
cial site infection and inadequate operations
urinary tract infection postoperative care
Caesarean section 10.00-15.00% Post-caesarean Obesity, diabetes Up to 3.00%
section peritonitis, (Gestational or type 2),
surgical site infection prolonged labor
Inguinal hernia repair ~ 7.20% in males  Deep groin infection, Poor surgical site 4.00-5.00%
surgery and 2.60% in  surgical site infection preparation, immune
females (SSIs) suppression
Cholecystectomy 8.36 to 13.81% Intra-abdominal Older age, obesity, 0.10-0.70%
abscess and biliary tract infections
pneumonia
Colorectal surgery 65.40% Surgical site infection Bowel perforation, 13.00%
(SSIs) malnutrition,
prolonged surgery
Appendectomy 12.00% in males Intra-abdominal Delay in diagnosis, 17 of 311 patients
and 23.10% in abscess perforated appendix (5.47%) with post-
females operative sepsis die
within 30 days
256 Biomedical Sciences and Clinical Medicine 2025,64(3):248-260.
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which have had success, indicate the possibil-
ities of such new approaches. Additionally, ad-
vances in diagnostic techniques, such as rapid
pathogen identification and antimicrobial sus-
ceptibility testing, hold promise for optimizing
treatment regimens and improving patient out-
comes. Future research should focus on elucidating
the complex interplay between host factors, mi-
crobial virulence, and surgical strategies in order
to enhance personalized interventions aimed at
reducing the complications of POS and its asso-
ciated morbidity and mortality.
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INTRODUCTION

Post-operative wound care attracts particular
attention and exhaustive research interest as it is
one of the significant burdens of the health care
industry because it can result in undue burden

ABSTRACT

The intricacies of meticulous wound healing or Vrana Ropana has been
comprehensively reviewed and diligent attempts have been made at un-
derstanding the mechanisms involved in optimal wound healing via the
comprehensive explanations of both Ayurveda and contemporary literature
to achieve a much sought after integration of post-surgical wound care.
Post-operative wound care protocols are regularly and rigorously updated
as the burdens of post-surgical wound complications are on the rise. A
thorough understanding of surgical wounds, stages of wound healing and
optimal wound care along with identifying red flags indicating suscepti-
bility to complications. Classic Ayurveda documents describe specialised
wound care strategies associated with the use of surgical instruments as
well as para-surgical therapy related to therapeutic cautery, caustic cau-
terization as well as wounds caused by leeches in blood-letting therapies.
This presents an opportunity for the integration of those strategies with
conventional knowledge in present-day surgical care which could poten-
tially increase the efficacy and precision of wound care by minimising
post-operative complications. Databases like PubMed and Scopus were
searched using keywords including Sadyo Vrana, Vrana Ropana, Sastra
Karma, post-operative wound care, post-surgical care and Ayurvedic
methods for preventing surgical site infections. Comparison of types of
wounds, mechanisms of healing and post-operative care according to
evidence-based Ayurveda principles with relevant contemporary litera-
ture potentially increase understanding of what is required for a holistically
integrated care plan which can help achieve uneventful post-operative
surgical wound healing. To that end, it is necessary both to understand
the conventional care of surgical wounds and to compare that with the
existing care of post-surgical wounds as well as to identify new scopes
of care including highlighting areas of bridging integrative approaches to
reduce post-operative complications and to attain optimum wound healing.

KEYWORDS Vrana, post-operative wound healing, Sastra Karma

on the health care economy. Achieving an une-
ventful postoperative wound healing process can
be an arduous process which helps determine
both surgical outcomes as well as impacts on the
expected quality of life. Successful post-operative
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care is the result of a harmonious intervention
which minimizes microbial colonization and in-
cludes both proper diets and lifestyle interventions.
The pivotal function of the physiological process
of wound healing can be greatly facilitated by
minimizing risks of infections and enabling active
wound healing through the integration of suc-
cessful wound care practices. The importance of
identifying optimal care for wound healing is
higlighted in references which state that patients
with post-operative complications can be seriously
affected by consequences such as unfavourable
psychosocial (1) and functional outcomes which
can also increase financial burdens by prolonging
the period of hospitalisation (2). Various studies
have suggested that there can be up to a six-fold
increase of hospitalization costs for patients with
surgical site infections (SSI) with the amount
depending on the surgery done, the health care
setting chosen and the type of infection (3-5). In-
fections can also account for an increase of up
to 6.0% in unplanned readmissions (6) That is
particularly disturbing because post-operative
complications, including SSIs, are usually pre-
ventable. Many medical professionals assert that
facilitating patient participation in self-manage-
ment of wound care practices can help reduce
the incidence of these complications (7).

Ayurveda, an ancient Indian traditional system
that has withstood the test of time, has its own
unique concepts when it comes to the care of
wounded individuals. Regarding morbidity from
wounds worldwide, it has been reported that of
every million patients around 10,000 will die due
to microbial infections (8). Studies have also re-
vealed that one in four surgical wounds develops
complications within the first 14 days of the post-
operative period (9).

Acharya Sushruta, who is known as the Father
of Surgery, has stated that care of wounds requires
a multifarious approach. References can be found
in the initial chapters of his Comrstpendium Sus-
ruta Samhita, continuing through to almost the
final sthanas. This is evidence that Acharya Susruta
gives importance to vrana (wounds) and defines
wounds as something which results in the dis-
ruption of shareeradhatu (body tissues), leaves
vranavastu (scars) after ropana (healing) which
remain till the end of life. He describes the classi-
fication of vrana, sadya-asadyata (prognosis) and
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its management in detail, emphasizing the im-
portance of wound care (10). Studies across the
world have revealed that the overall pooled inci-
dence of surgical site infection is 2.5% and that it
varies among the WHO regions of the world (11).

The aim of the present review is to explore the
types of post-operative wounds in Ayurveda fol-
lowing employment of various surgical modalities
such as Shastra Karma (surgical procedures) and
Anusastra Karma (para surgical procedures). The
objective is to identify protocols that could be
integrated to achieve more comprehensive wound
management.

METHODS

A comprehensive literary search of the com-
pendium of Sushruta Samhita was carried out
to identify the steps undertaken in treatment of
post-operative wounds. Various clinical condi-
tions which have resulted could potentially result.
In substantial contributions to wound healing and
reducing infections were identified. An extensive
review of published research papers and attempts
at correlating them with contemporary research
on factors contributing to wound healing was
conducted. Various databases, e.g., PubMed
and Scopus, were included using keywords like
post-operative wound, SSI, Vrana Ropana, Sady-
ovrana and filters like clinical trials, systematic
review within five years and free full text.

REVIEW OF LITERATURE
Contemporary classification of surgical
wounds

The currently most widely accepted surgical
wound classification was initially developed in
1964 by the National Academy of Sciences and the
National Research Council with the aim of repre-
senting the bacterial load in a surgical field. The
Centre for Disease Control and Prevention (CDC)
later refined this system by establishing four
different classes of wound status as outlined
below (12).

* Class 1 wounds - Clean wounds are aptly
called so due to the lack of infection, to not exhibi-
ting inflammatory signs and being closed. Exam-
ples of clean wounds include an inguinal hernia
repair, a thyroidectomy and a mastectomy.
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* Class 2wounds - Clean-contaminated wounds
may have a low level of contamination and may
involve entry into the respiratory, alimentary,
genital, or urinary tracts but only under controlled
circumstances.

* Class 3 wounds - Contaminated wounds
typically result from a breach in sterile techniques
or leakage from the gastrointestinal tract. Incisions
resulting from acute or non-purulent inflamma-
tion are also considered Class 3 wounds.

* (Class 4 wounds - Dirty or infected wounds can
result from inadequate treatment of traumatic
wounds, gross purulence, and evident infections.
When tissues lose vitality, it can lead to Class 4
wounds. These wounds are often caused by surgery
or from microorganisms found in perforated
organs (12).

This classification system provides a guideline
regarding the susceptibility of infection of sites
post-operatively, and thus help prepare the surgeon
to undertake a different approach to managing
them. Each class has a postoperative risk of a
surgical site infection (SSI) with scores of 1% to
5.0%, 3.0% to 11.0%, 10.0% to 17.0%, and more
than 27.0%, respectively (13).

Acharya Susruta, while discussing the prog-
nosis of wounds, provides a classification based
on the site upon which the wound is inflicted of
the wound. Acharya classifies wounds as sadhya,
yaapya and asadhya (14). Saadhya vrana (wounds
which are easily healed) : Wounds located on the
buttocks (Sphik), about the anus (guda), the organs
of regeneration (paayu, prajanan), on the back
(prushta), forehead (lalaata), cheek (ganda) or lips
(oshta), and those in the region of the external
ears (karna), on the testes (phala kosha), the abdo-
men (udara), in the cavity of the mouth (mukhab-
hyantara), about the nape of the neck, or above
the clavicles (jatru) can be easily healed.

Dushchikitsya vrana (14) (wounds which are
difficult to treat/heal): wounds in areas like the
eyes (akshi), in tooth area (danta), the nostrils
(nasa), the outer canthus eye (apanga), in the
cavity of the ears (shrotra), the abdomen or the
umbilicus(nabhi), or about any suture of the body
(sevani), hips (nitamba), ribs (parshwa), abdomen
(kukshi), chest (vaksha), axillary region (kakshanta)
or the joints (sandhi). In addition, if the wounds
are found to have exudates like frothy blood
or pus with a gurgling sound, or to contain any
foreign matter embedded in their inside, are
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healed only with the greatest difficulty. Some of
the clinical scenarios like an abscess or an ulcer
appearing in the nether region of the body and
pointing upward, or appearing on the extremity of
the scalp (romanta) or about the end of a finger-
nail, or in any of the vulnerable parts of the body
(marma), as well as those affecting either of the
thigh bones (femurs), should be looked upon as
equally hard to cure. Similarly, an abscess or an
ulcer affecting a bone of the pelvis (shronikanda-
acetabulum), as well as a fistula in ano opening
inward should be regarded as hard to cure.

Yapya vrana (14) (requires treatment for a long
duration): an ulcer incidental to, and affecting the
seat of any of the following diseases, e.g., avap-
athika (paraphimosis), or niruddha-prakash (phi-
mosis), or sanniruddha-guda (constriction of the
anus), or jathara (abdominal-dropsy), or granthi
(glandular inflammation), and are characterised
by the germination of parasites in their interior,
as well as those appearing in the cavity of the
abdomen, affecting the mucous linings of the
intestines, or brought about by the corrosive
secretions of a nasal catarrh (pratishyava), and
infestations with parasites should be considered
as only admitting of a palliative treatment.

Asadhya vrana (14) (incurable or involving a
non-healing criteria): an ulcer (vrana) cropping
up like a fleshy tumour which is painful and con-
taining pus in its inside, and which is characterised
by a copious secretion, with its edges raised like
those of the genitals of a mare, should be under-
stood as belonging to the incurable type. A con-
dylomatous (papillomatous) ulcer which is soft
and raised like the horn of a cow, or one which
is moderately raised or elevated at its base and
which secretes an exudation of vitiated blood or a
thin slimy secretion, should be likewise regarded
asincurable. An ulcer with an embossed or heaved
up centre, and one dipped or fissured at its extremi-
ty should be regarded as past all remedy. An ulcer
covered over with shreds of ligaments and looking
as if studded with loose shreds of hemp should
be given up as incurable. Similarly, an ulcer due to
the deranged condition of any of the fundamental
humours and secreting an exudation composed
of coagulated blood, fat, marrow and brain matter
should be deemed incurable. Surgical procedures
of this type can result in a wound of such status,
so must be judiciously handled.
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Classification of wounds by Acharya Susruta
(Ayurveda)

1. Vranas are broadly classified into one of

two types based on their origin and etiology (15).

a. Nijavrana (Shareera) are caused by in-
volvement of Doshas including combination of
two or three doshas) and

b. Aganthujavranas are caused by envi-
ronmental or extrinsic elements including those
caused by incision, punctures, lacerations, poi-
soned cuts, bruises etc. It can also be caused by
bites of humans, animals, birds, reptiles, etc.)

2. Based on the involvement of Doshas and
amount of dushti, Vranas are classified into either
Dushta vrana or Shudha vrana. Those with con-
siderable features of dosha dushti are called
Dushta vrana and those with minimal to minor
features of dosha dushti are called as shudha
vranas (16).

3. Vrana is also classified into the Sadyo vrana
variety which is initiated by external causes
including accidental wounds, traumatic wounds
and surgical wounds. They are further sub-divided
into six types which are synonymously addressed
as aganthujavranas or sudhavranas (17).

a) Chinna vrana - Vrana is oblique /straight,
separation of body parts.

b) Bhinna vrana - Perforation puncture of
Aashayas, exuding mild Sraava

¢) Vidha Vrana - Injury to any part of the
body other than Aashaya or Uttundita.

d) Kshata Vrana - Vrana which is neither
Ati Chinna nor Ati-Bhinna, but having features of
both and being irregular in shape.

e) Pichita Vrana - Flattening of any part of
body along with Asthi, filled with Rakta and Majja.

f) Ghrusta Vrana - Caused by rubbing on a
rough and hard surface causing any part of the body
to lose its skin. It is accompanied by watery exuda-
tion and is called ghrista vrana (abrasive wounds).

Understanding the mechanism of wound
healing

The healing of an acute wound (post-operative
wound) proceeds through to healing “in an or-
derly and timely reparative process”. Orderliness
refers to the healing sequence of inflammation,
angiogenesis, matrix deposition, wound contrac-
tion, epithelialisation, and scar remodelling (18).
A critique of comprehending the process of sur-
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gical wound healing elucidates that it takes place
via deep synergy of diverse overlapping phases:
haemostasis, inflammation, proliferation, and
tissue remodelling or resolution. Interferences or
disruption interruptions, oddities or undue delay
in this sequence can prolong the process and can
lead to delayed wound healing or a non-healing
chronic wound (19). In a healthy adult the stages
of wound healing as depicted in the literature
include swift stability in attaining haemostasis,
appropriate inflammatory response, cell differ-
entiation mainly (mesenchymal) followed by the
spread and migration of differentiated cells into
the wound site. Neo angiogenesis brings in more
blood supply to the wound and it is then followed
by rapid reepithelialization and collagen cross
linking, providing ample strength to the healing
tissues at the site of surgical wounds (20). Wound
healing is described as consisting of three phases
irrespective of the factors that resulted in the
injury: the inflammatory, the proliferative and the
remodelling phases (21-23).

The first stage constitutes the body’s first line
response to the injury and its immediate reaction
triggers the localised release of inflammatory
mediators thereby inducing a local vasodilation
at the site of injury which then aids an influx of
phagocytic leucocytes, such as neutrophils and
macrophages, which are essential in digesting
bacteria and autolysing devitalised tissue. The
inflammatory phase of wound healing is respon-
sible for the classical signs of inflammation that
occur in response to an injury: erythema, heat,
oedema, pain and decreased function.

In the second stage, the wound rebuilds itself
in the proliferative phase. The major contributory
steps in this phase include filling the wound surface
with granulation tissue comprised of collagen
and extracellular matrix, and angiogenesis starts
to set in. In this stage, the wound edges approach
each other via contraction of epithelial tissues.
The finishing of this stage is marked by epithelial
cells fully resurfacing the wound.

The final stage is remodelling which starts when
the wound is closed and attains tensile strength
with the help of collagen fibres remodelling and
reorganizing themselves. This phase also witnesses
devascularisation of the wound and surrounding
structures returning to their original state of
blood supply (24).
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Conceptual understanding of stages of healing
(Vrana Ropana) as per Ayurveda

The process of the stages in wound healing
can be drawn from the references where Acharya
Susruta details the type of Vrana based on evident
features of wound progression towards healing.

1. Dushta vrana. Acharya’s first description of
features of a non-healing wound include that it
is innately affected by Tridoshas and has purulent
and profuse discharge, a foul odour. The discharge
shows traces of blackish, greenish, and yellowish
colours and inflicts pain. All these features are
suggestive of an infected non-healing ulcer or,
in a post-operative wound, they are signs of the
wound being microbially infected.

2. Shuddha vrana. A conceptual understanding
includes that this type of wound is actually devoid
of doshic involvement with minimal pain and the
features of the wound include pinkish granula-
tion tissue with minimal discharge or sloughing
at the wound base. These are, in fact, features
of an intentional wound created as in a surgical
procedure. They are also comparable to the clinical
features indicative of the process of wound healing.

3. Ruhyamana vrana - In this stage in the
progression of wound healing the wound is pale
or grayish in colour and the margins are healthy.
There is minimal discharge or evidence of
sloughing. The borders are devoid of induration
and granulation tissue from around the margins
and floor indicates an uneventful healing process
comparable to the repair phase of contemporary
understanding of wound healing.

4.Rudhavrana - This stage can be perceived as
the final phase of healing of a wound. There is an
approximation of wound edges and the beginning
of scar formation with the wound and periphery
attaining an even skin tone with no swelling or
pain in the wound (25).

Care of post-operative wounds

The key components in facilitating an optimal
wound healing are attained mainly by reviewing
the post-operative wound from time to time. Care
should be given to include thorough cleaning
and wound dressing. It is essential to recognize
challenges early and provide effective treatment
for the complications that are associated with
wound healing. Whatever principles are adopted
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in wound care, the aim is ideal wound healing
without complications and with the best aesthetical
and functional results (26).

Wound Cleaning: The protocol includes
cleansing of a wound which is attained by clearing
the wound of debris, e.g., devitalised tissue or
excessive exudates, which may otherwise delay
wound healing (27). Wound irrigation should be
gentle to avoid further tissue trauma and should
be done with warm saline or water (as per NICE
recommendations) using a syringe, rather than
swabbing or bathing, which maintains an optimum
healing environment (28).

Wound dressings: Dressings are considered
another important step in diligent efforts to
achieve wound healing as they sustain a moist
wound environment while at the same time ab-
sorbing excess exudates that might lead to mac-
eration of the wound. Dressings in place also provide
a physical barrier against bacterial or fluid con-
tamination, and can be adherent to the skin but
atraumatic on removal (29).

Care of wounds in Ayurveda

The sequence of wound care in Ayurveda is
detailed in Paschat Karma and explained by Acha-
rya Susruta in Agropaharaneeya Adhyaya in Sutra
Sthana. He mentions that post operatively after
consoling the patient by sprinkling cold water
on the wound, the post-surgical wound must be
slightly circumferentially pressed to remove all
clots and exudates, and to approximate the edges
of the wound to make the surface even. The next
stage includes vrana prakshalana (irrigating the
wound) with Kashayas (medicated water) which
include tikta rasa and sheeta veerya. Then the
wound is mopped with sterile gauze and medi-
cated Alepa (wound dressings) containing tila
kalka, madhu, sarpi should be made into a wick
and placed in the wound. This facilitates main-
taining wound moisture and also provides ade-
quate draining of collected exudates. A paste of
medicines effective in healing sadyo vrana should
be smeared over the wound and the wound
should be covered with thick dressings secured
by bandaging. Additionally, it is also advised to do
dhoopana, a proven technique to attain a sterile
environment so as to promote ample healing (30).
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Importance of Raksha Karma.

Acharya Sushruta explained Dhoopana as fumi-
gation with rakshoghna Dravyas e.g., Guggulu
(Comiphora mukkul), Agaru (Aquilaria agollocha),
Sarjarasa (Vateria indica), Vacha (Acorus calamus),
Sarshapa (Brassica nigera), Lavana, Nimba (Azadi-
rachta indica) mixed in cow ghee (31). He also
mentions the chanting of mantras and advocates
various dos and don't’s for Vranita (the wounded).

Practising post-operative pain management

Acharya Susruta mentioned that severe pain
which is caused by Shastras (surgical instruments)
can be managed by irrigation with lukewarm ghee
processed with Yashti Madhu as a general line of
management (32). Inwounds thatare by Vyadhana,
Karma, Acharya advocates irrigation of wounds
with Ama Taila (unprocessed, non-heated sesame
oil) (33). In wounds created by thermal cautery,
the wound should be smeared with a combina-
tion of madhu and Sarpi (34). He also mentions
the use of medicated ghee prepared from tugak-
shiri (Curcuma angustifolia Roxb), plaksha (Ficus
virens), Chandana (Santalum album), gairika (red
oxide of iron) and amruta (Tinospora cordifolia)
(35). For vrana caused by Kshara karma, Acharya
recommends washing with Amla varga Dravyas
and lepana with tila kalka, Madhu and ghrita
Sushruta (36). In wounds inflicted by treatment
with jalouka, after blood-letting smearing the
wound with Shata dhouta ghrita is advised (37).
In the bleeding in wounds caused by application
of blood-letting therapy, the control of haem-
orrhaging is attained by four principles, mainly
sandhana by irrigating with Kahsyaa rasa Dravyas,
sheet veerya dravyas. Skandana application of
Hima and dahana by Agni karma of the bleeding
vessel and Pachana is attained by sloughing the
blood and thus forming clots by application of
Bhasma. Sushruta (38).

Why Tila, Madhu, ghrita and Yashti Madhu
Honey is widely used as topical wound dressing
and its efficacy is evidenced by various meta-
analyses of use of honey as a topical wound
dressing agent (39). The mode of action could be
explained by its anti-oxidant, anti-bacterial and
anti-inflammatory properties. Honey has numerous
properties: a natural anti-inflammatory effect, a
stimulatory effect on granulation tissue and an
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antibacterial effect (against many strains of bac-
teria, e.g., Staphylococcus, Streptococcus and
Helicobacter pylori) (40). Honey also has high
acidity which provides secondary benefits in
addition to the osmotic effect in addition to its
anti-oxidant properties and its hydrogen peroxide
content. Thus the use of honey leads to improved
wound healing in acute cases, pain relief in burn
patients and decreased inflammatory response
in many patients (41). Cow ghee has antioxidant
properties as it contains fat-soluble vitamin E and
beta carotene (42). It also possesses antibacterial,
anti-inflammatory, and antiseptic properties that
are beneficial in treating various skin-associated
problems. Because of that, it helps treat blisters,
inflammatory swellings, and wounds, helping to
speed the healing process (43).

Tila (Sesamum indicum) kalka aids in the healing
of wounds by accelerating skin border contrac-
tion. Also it helps in achieving an even covering of
granulation tissue and regeneration of epidermis.
Sesame oil contains active ingredients with anti-
oxidant and antibacterial properties, especially
in the inflammatory phase due to its acidic PH.
Acidic Ph also helps new skin growth by promoting
cell migration and proliferation. Wound healing
is finally brought about by the fibroblast activity,
and collagen restructuring (44).

Yashtimadhu has proven healing, anti-ulcer-
ogenic, anti-inflammatory and skin regeneration
activity. Sodium glycyrrhizate possesses anti-ulcer
activity and stimulates regeneration of skin. Yas-
htimadhu contains glycyrrhizin acid and ammo-
nium salt [GA] which has demonstrated ulcer
healing activity according to some pharmaco-
logical articles (45). The effect of yashtimadhu on
post operation wounds was tested in previous
studies where it was shown to give positive results
following the use of Yashti Madhu on post-opera-
tion wounds. It reduces the number of inflamma-
tory cells and enhances fibroblasts maturation
and tissue alignment and ulcer healing where it
has shown an increase in the percentage of ulcer
contraction and epithelization (46).

DISCUSSION

The review of ancient writings by Acharya Sus-
ruta paves a pathway for critical thinking which
encompasses versatile aspects of wound healing
including the comprehensive perspectives of the
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role of mental, emotional and spiritual wellbeing
of the patient rather than focussing on the phy-
siology of wound healing and pathophysiology
related to surgical infections, dehiscence and other
similar challenges. This comprehensive approach
however, is often disdained. The evidence of poly-
herbal formulations with essential components
containing pharmacologically active substances
are still a grey area and requires exhaustive reviews
and research, including clinical trials. The role
of advocated diet and lifestyle changes are also
of utmost importance, but are typically often
overlooked as patient education is a necessary
compontent in this regard. The type of wounds
caused by surgical instruments, medicinal leech
therapy, thermal and caustic cautery have all been
identified. This sort of detailed identification of
mechanisms affecting post-surgical wounds and
entrusting different protocols for the same
should be given due consideration so that wound
healing approaches to various wounds can be
tailor-made after surgeries. Moreover, research
results support the essential role of improving
patient morale and self-dependency to post-
operative care. There exists a continuing need for
multidisciplinary efforts to provide safe and effec-
tive use of herbal compounds which are explained
by Acharyas and to timely integrate this tradi-
tional wisdom into contemporary practices. The
role of integrating this know-how about wound
care can have complimentary results that aid in
optimizing post-operative wound outcomes.

CONCLUSIONS

Comprehension of the mechanisms supporting
optimal wound healing is the paramount need of
the hour. Various ambiguities still exist in spite
of exhaustive research on the subject. There
is a need to extend the review of conventional
treatises to explore concepts regarding various
methods used in post-operative wound healing.
The basic principles encompass methodical assess-
ment, adopting modalities for wound cleansing
and identifying signs of wound healing and, most
of all, recognition of any red flags indicating
possible wound complications and the need for
timely interventions.
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