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of Adults 

Paphawee Mana1, Kwanchanok Yimtae1,2   and Panida Thanawirattananit1,2 
1Department of Otorhinolaryngology, Faculty of Medicine, 2Khon Kaen Ear, Hearing, and Balance Research Group, Khon 
Kaen University, Khon Kaen, Thailand

 ABSTRACT

OBJECTIVE  The objective of this study was to construct new Thai mon-
osyllabic word lists that are phonetically balanced and to study the accu-
racy of speech recognition measuring tests for adults.

METHODS  This study creation of four Thai monosyllabic word lists 
(KKU lists) of twenty-five words each in a CD recording based upon an 
accuracy evaluation. The 76 participants recruited were between 19 and 
70 years of age and were recruited based on four groups of hearing level. 
Each group of 19 subjects consisted of people with normal hearing as well 
as people with moderate, moderately severe, and severe sensorineural 
hearing loss with symmetrical hearing. Only the dominant ear of each of 
the participants was chosen for testing.  Audiometry in that ear was con-
ducted using randomized nine-word lists from the four newly constructed  
Khon Kaen University lists (KKU lists) and five lists of RAMA SD lists-1 
from the original Thai monosyllabic word lists (OTL) [OTL consisted of 
RAMA SD list-1 (there are 5 lists) and RAMA SD list-2 (there are 4 lists)]. 
The participant’s accurately spoken words will be recorded as a number 
and percentage.

RESULTS No statistically significant differences were found in the 
speech recognition scores of any of the four KKU lists among the four 
participant groups (p > 0.05). Similar to Kasmer and Brown’s study, the 
speech recognition scores (SRS) of the KKU lists and OTL lists declined 
as the degree of the severity of hearing loss increased. The score range 
(min-max) at each level of hearing loss for all nine-word lists was in the 
standard value range. However, the SRS of the KKU lists were found to be 
closer to the standard reference than the scores from the OTL list. 

CONCLUSIONS The KKU lists can provide more accurate score results 
and more precise diagnoses of hearing loss and can also be applied in 
clinical examination and speech recognition testing.  

 KEYWORDS  Thai monosyllabic word lists, phonetic balance, speech  
  recognition scores 
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INTRODUCTION
Speech recognition scores are used for analysis  

when seeking to address patient socialization 
problems among sensorineural hearing loss patients 

including assessing the severity of communica-
tion problems, evaluating the effects of hearing 
rehabilitation and identifying the pathologies of 
the hearing loss. Both Speech Recognition Scores 
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(SRS) and Speech Discrimination Scores (SDS) 
are one part of speech audiometry evaluation 
using monosyllabic word lists. In 1930, Fletcher 
and Steinberg developed the first word list, the 
Western Electric 4A test (later called the 4C test) 
(1). That assessment uses an analog recording to 
obtain a stable voice volume based on evaluation 
of the perceived sound clarity. This helped exam-
iners evaluate the severity of the hearing loss and 
to determine how it affected communication. In 
addition, Ronald C. Egan, who was later the Pres-
ident of Harvard University, developed another 
word list in 1948 which is known as the Phonetically 
Balanced 50 (PB-50) (2).  Egan’s objective was to 
appraise speech comprehension. The PB-50 con-
sists of 20-word lists for speech recognition tests, 
each consisting of 50 words that are used in daily 
life. This experiment was later considered to be a 
prototype for evolving new word lists. The cor-
relation between the speech recognition score 
and the degree of hearing loss indicates that the 
score will be lower when the degree of hearing 
loss is greater (3, 4).  Additionally, inaccuracies in  
SRS can occur when a live voice rather than a re-
cording is used for testing. Using voice recordings  
in speech recognition tests can ameliorate this 
inaccuracy issue (5). In addition, to obtain more 
accurate scores, the language used in the exam-
ination should be the examinees’ mother tongue 
with which they are familiar and that they use in 
their daily lives (6, 7). 

Consonants, vowels, and tones are joined to-
gether as speech sounds. Previous studies have 
shown that consonant sounds can affect speech 
frequency changes (8).  Speech recognition prob-
lems in sensorineural hearing loss patients can be 
described by the fact that an initial consonant of 
words may be identified in the frequency range in 
which those patients are hard of hearing (9, 10). 
Tone is another a variable that enables words to 
have different meanings. Thai is one of the lan-
guages in the world that has five tones (11).  Vowel  
sounds can improve pronunciation skill and final  
consonant sounds may act as an enhancer of cog-
nitive competency in the Thai language (12, 13). 
The Computerized Speech Laboratory (CSL) sys-
tem is a tool that can be utilized in the analysis 
of sound waves. It can be used to assess human 
voices, which are composed of component waves 
that have different complex shapes and levels of 

frequency (14).  In regard to recording speech, the 
quality of the speaker’s voice recording will af-
fect the test results and can be assessed through 
listening. The method known as GIRBAS (grade, 
roughness, breathiness, asthenia, strain scale) 
has been widely used and is accepted as a standard 
test in clinical settings (15). An evaluation score 
of zero, which indicates good sound quality, is 
used to select sounds in a recording. In evaluating 
recordings, female and male voices have been 
found to be not significantly different with regard 
to the speech classification values, but the speech 
of women’s voices has more variability between 
words than the speech of men’s voices (16, 17). 

In Thailand, the original Thai monosyllabic 
word lists (OTL) that are currently used were cre-
ated more than 40 years ago. It has been found 
that some of the words on these lists are not 
commonly used today. Additionally, there are du-
plicate words in some word lists as well as issues 
of phonetic imbalance. For that reason, new Thai 
monosyllabic word lists have been developed to 
provide more accurate score results and more 
precise diagnoses of hearing loss. The objectives 
of the current study are: 1) to construct new Thai 
monosyllabic word lists that are  phonetically 
balanced and 2) to determine the accuracy of the 
new Thai monosyllabic word lists for speech rec-
ognition testing in adults (KKU lists). 

METHODS
This study was approved by the Khon Kaen 

University Ethical Committee for Human Research 
(HE651273) and was registered in the Thai Clinical 
Trials (TCTR20220810005). Before participating 
in this trial, full written informed consent was  
obtained from all participants. This study was 
conducted in two steps as shown in the study 
flow (Figure 1). 

Word list construction and recording
A total of 283 familiar words were selected 

from the Thai National Corpus (National Thai 
Language Data Archive Under the Royal Pa-
tronage of Her Royal Highness Princess Maha 
Chakri Sirindhorn), and were arranged in order 
from highest to lowest frequency found in daily  
use. The study selected 283 words from a list of 
400 most familiar words. The principles criteria  
for selection were as follows: 1) the words were 
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Figure 1. The flow of the study 

meaningful, 2) they were not diphthongs, 3) they 
were polite words, and 4) there were no /r/ 
sounds. The words were sorted according to 
the frequency of the initial consonant sounds. In 
addition, 109 words that have high-tone conso-
nants (> 2,000 Hz), 79 words that have mid-tone 
consonants (500-2,000 Hz), and 95 words with 
low-tone consonants (< 500 Hz) were selected. 
A higher number of high-tone initial consonants 
was selected due to their effects on changes to 
the perception of sounds in the Thai language. All 
words were analyzed for mean frequency using 
the CSL. Following the CSL analysis, the words 
were arranged into three groups based on mean 
frequency: low-tone (< 175 Hz), mid-tone (175-220 
Hz), and high-tone (> 220 Hz).  Distribution of  
selected words in each list was based on both the 
initial consonant sounds and the mean frequency 
of the words (Table 1). The four lists of 25 words 
each are called a KKU list (Table 2). Arrangement 
of the words within the word lists and the ordering 
of the word lists was done using a random distri-

bution method.  
A voice model was chosen from among three 

candidates, all of whom were Thai male vocal pro-
fessionals. To be considered, the mother tongue 
of candidates had to be Thai, and they had to 
show good voice quality as measured by the GIR-
BAS Scale (grade, instability, roughness, breathi-
ness, asthenia, and strain) that were established 
with a GIRBAS grade of 0. The four KKU lists and 
the five OTL (RAMA SD-1) lists were recorded in a 
standard double-walled room using a condenser  
microphone and a 6.5 cm diameter windshield 
positioned approximately 20 cm from the speaker’s 
mouth at an angle of 0 degrees to the speaker. The 
microphone was linked to a sound level meter to 
control the loudness at 63 dB SPL during sound 
recording. From time to time, the speaker was 
given a break. While recording, two audiologists 
evaluated each word for its natural sound. The 
audio was recorded in an MPEG-1 Audio Layer  
3 (.mp3) audio file format. Before being examined, 
the sound had to be calibrated using a pure tone 
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Table 2. KKU lists

KKU list 1 KKU list 2 KKU list 3 KKU list 4

IPA IPA IPA IPA

เก่า (old)          	 ŋîap
เงียบ (silent)   	 kàw
เลือก (select) 	 lɯ̂ak	
หนึ่ง (one)	 nɯ̀ŋ
ยิ้ม (smile)	 jím
ตา (eye)         	 tāː
พื้น (floor)        	 pʰɯ́ːn
เที่ยว (trip)                                     tʰîaw 
ขาด (lack)           	 kʰàːt
สอบ (test)             	 sɔ̌ːp
เพื่อน (friend)     	 pʰɯ̂ːn
ลืม (forget)          	 lɯ̂m
จุด (point)             	 t͡ɕùt
ใช ่(correct)         	 t͡ɕʰâj
คุย (talk)              	 kʰuːi
แพทย ์(doctor)     	 pʰɛːt̚˥
แบ่ง (divide)         	 bɛ̀ːŋ
ป่า (forest)	 pàː
ข้าว (rice)           	 kʰâːw
ห้อง (room)          	 hɔ̂ːŋ
ตอบ (answer)       	  tɔ̂ːp
หัว (head)            	  hǔa
แสน (hundred thousand)    	 sɛ̌ːn
นก (bird)    	 nók
ง่าย (easy)             	 ŋâːj

โลก (world)       	 lôːk
อ่อน (soft)            	 ʔɔ̀ːn
วัน (day)              	 wan
ญาต ิ(relative)        	 jâːt
พิมพ ์(print)          	 pʰim
เปิด (open)            	 pɤ̀ːt
หน่วย (unit)          	 nùaj
วิ่ง (run)                	 wíŋ
ข้าม (cross)        	 kʰâːm
ต่่ำ (low)               	 tàm
พ่อ (father)          	 phɔ̂ː
พื้น (practice)        	 fɯ̀k
พูด (speak)         	 phúːt
ส่ง (send)             	  sòŋ
คู ่(couple) 	 kʰûː
หลัง (back)             	 lǔŋ
กอง (pile) 	 kɔ̄ːŋ
สาว (young lady) 	 saːw
แทน (replace)       	 tɛːn
ยาย (grandmother)        jaːj
ต้น (tree)               	 tôn
ห่าง (far)              	 hàːŋ
ชอบ (like)         	  t͡ɕʰɔ̂ːp
ขาว (white)        	 kʰǎːw
ใหม ่(new)             	 mài

ผ่าน (pass)     	 pʰàːn
แดง (red)    	 dɛːŋ
คิด (think)	 kʰít
นิ่ง (still)	 nîŋ
ข่าว (news)	 kʰàːw  
ผิว (skin)	 pʰǐw
ท่าน (you)	 tʰâːn
เล็ก (small)	 lék
ไฟ (fire)	 faj
ตัด (cut)            	 tàt
บอก (tell)	 bɔ̀ːk
เชื่อ (believe)	 t͡ɕʰɯ̂ːa
พืช (plant)     	 pʰɯ̂ːt ͡ɕʰ
มือ (hand)	 mɯː
เกิด (born)	  kɤ̂ːt
สอง (two)	  sɔ̌ːŋ
นอก (outside)	 nɔ̀ːk
ใต ้(under)	 tâj
ถูก (correct)	 tʰùːk
หนุ่ม (young man)	 nùm
ป้า (aunt)	 pâː
แยก (separate)	 jɛ̀ːk
โต๊ะ (table)	 tóʔ
ใส ่(put)	 sài
กว้าง (wide)	 kwâːŋ

ใหญ ่(big)	 jài
เกาะ (island)	 kɔ̀ː
ยอก (peak)	 jɔ̂ːt
ไทย (Thai)	 tʰaj
ตั้ง (set up)	 tâŋ
ลม (wind)	 lom
ชุด (suit)	  t ͡ɕʰút 
ขาย (sell)	 kʰaːj
แก้ว (glass)	 kɛ́ːw
เลิก (quit)	 lêːk
เพิ่ม (add)	 pʰɤ ̂m
สี ่(four)      	 sìː
บาท (bath)	 baːt
ชื่อ (name)	 t ͡ɕʰɯ̂ː
ห้าม (forbid)	 hâːm
จ่าย (pay)	  t͡ɕàːj
ออก (exit)	  ʔɔ̀ːk
ยาก (difficult)   	 jaːk
เพชร (diamond)	 pʰɛ̌ː.t͡ɕʰɤː
ถาม (ask)	 tʰǎːm
น้้ำ (water)	 nám
เส้น (line)	                     sên
ปิด (close)	 pìt 
แต่ง (decorate)	 tɛ̀ŋ
ดิน (soil)	 din

* The International Phonetic Alphabet (IPA); KKU list,  Khon Kaen University lists 

Table 1. The number of words according to the distribution of the initial consonants and the average speech fre-
quency of the words in each set of the KKU lists

KKU list 1 KKU list 2 KKU list 3 KKU list 4

Low-tone consonant and low-tone mean frequency words
Low-tone consonant and mid-tone mean frequency words
Low-tone consonant and high-tone mean frequency words
Mid-tone consonant and low-tone mean frequency words
Mid-tone consonant and mid-tone mean frequency words
Mid-tone consonant and high-tone mean frequency words
High-tone consonant and low-tone mean frequency words
High-tone consonant and mid-tone mean frequency words
High-tone consonant and high-tone mean frequency words

2
3
3
3
3
3
2
3
3

2
3
3
3
3
3
2
3
3

2
3
3
3
3
3
2
3
3

2
3
3
3
3
3
2
3
3

KKU list,  Khon Kaen University lists 

at the frequency of 1 kHz, with the volume unit 
meter (VU meter) set at 0 and the loudness set 
to 60 dB.

Accuracy testing of the word lists
The participants
A total of 76 native Thai-speaking patients 

from the Ear, Nose, and Throat Outpatient De-
partment at Khon Kaen University’s Srinagarind 
Hospital, with an age range of 19-70 years, partici- 

pated in the study between June 2021 and Feb-
ruary 2022. There were four sample groups: 19 
participants with normal hearing (≤ 25 dB HL), 19 
with moderate Sensorineural hearing loss (SNHL) 
(41-55 dB HL), 19 with moderately severe SNHL 
(56-70 dB HL), and 19 with severe SNHL (71-90 
dB HL) (18, 19).  Configuration of hearing loss had 
not been specified and was considered to be sym-
metrical, i.e., the same in both ears. All participants 
had undergone normal otolaryngology examina-
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tions and all were born in Thailand. Their native 
language was Thai, and they had normal speech 
production organs. Individuals who had severe  
dizziness, secretions from their ears, psychopathy,  
or mental problems, as well as those who com-
municated abnormally or who were uncoopera-
tive were excluded. 

The testing procedures
Audiometry, consisting of both pure tone au-

diometry and speech audiometry, was performed 
with all participants. In cases where audiometric 
test results had been obtained more than 30 days 
prior, a re-test was performed. Only the domi-
nant ear of each of the participants was chosen for 
testing using the nine word lists. Before testing, 
the participants received a brief set of instruc-
tions from the audiologist. The audiometer was 
calibrated at 1 KHz  pure tone, with 60 dB set for 
the 0 VU meter. Testing was conducted using 
an AC40 clinical audiometer with an IP30 insert 
earphone transducer. The SRS were determined  
using the most comfortable level, and the word 
lists were randomly presented in a sequential  
order. The results were recorded by two audiolo-
gists at the time of testing. 

Statistical analyses
To test the hypotheses of the study, the data 

was analyzed using descriptive analysis, with sta-
tistical significance set at 0.05.

The accuracy of the Thai monosyllabic word 
lists (KKU lists) and the standard OTL test were 
determined and are presented as percentages 
and averages.

The consistency of each of the word lists in 
the Thai monosyllabic speech test which tested 
the speech discrimination of adults (KKU lists) for 
all 4 word lists and the standard OTL word lists 
test for all 5 word lists was analyzed using the in-
traclass correlation coefficient.

RESULTS
The demographic characteristics of the par-

ticipants are presented in Table 3. There were 41 
males and 35 females with an average age of 46 
years in the hearing level groups. The configura-
tion that was discovered consists of 50 flat au-
diograms (70%), 17 gradually sloping audiograms 
(20%) and 9 sharply sloping audiograms (10%). 
The majority of the participants were age 51 to 
60 years.

The current study found no statistically signifi- 
cant differences (p > 0.05) in the SRS in the KKU 
lists or the OTL. In the normal hearing group, 
no significant differences in the SRS between 
the KKU lists and OTL were found in an analysis  
performed using the paired-sample t-test. In all 
three groups with hearing impairment, it was 
found that the SRS for the KKU lists and OTL 
were statistically significantly different (p < 0.001) 
(Table 4).

The relationships between the hearing levels 
and the SRS in each of the nine-word lists were 
examined descriptively using correlations. The 
Pearson’s correlation coefficient produced a neg-
ative value among all groups of participants (r = 
-0.879; p < 0.001) (Figure 2). It was found that as 
the pure tone average (PTA) increased, the SRS 
decreased. In the hearing-impaired groups, the 
SRS in the KKU lists and the OTL were similar 
with the exception of the OTL (RAMA SD-1) where 
the SRS were higher than for the other word lists 
(the linear of RAMA SD-1 % word) (Figure  2). As 
a result, the authors re-analyzed the statistical 
relationships after eliminating the RAMA SD-1 
scores and found a decrease in the average SRS 
of the OTL in all participant groups.  Analysis using  
the paired-sample t-test found no significant 
differences between the OTL and the KKU lists, 
especially in the severe hearing loss group (p = 
0.083) (Table 5). 

Table 3. Demographics of participants

Characteristics
n=76
n (%)

Genders
Male
Female

Age (in years)
19–30 
31–40 
41–50 
51–60 
61–70 

Ear with better hearing
Right ear

Female
Male
Totals

Left ear
Female
Male
Totals

41 (54)
35 (46)

20 (26)
7 (9)
8 (11)

28 (37)
13 (17)

15 (20)
25 (33)
40 (53)

20 (26)
16 (21)
36 (47)
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Table 4. The means and standard deviations of the SRS of the KKU lists and OTL 

Mean±SD Min Max
Significant 

levelWords 
counted

Word % Words 
counted

Word % Words 
counted

Word %

Normal hearing

Moderate
hearing loss

Moderately severe 
hearing loss

Severe hearing loss

Totals
OTL

KKU lists

Totals
OTL

KKU lists

Totals
OTL

KKU lists

Totals
OTL

KKU lists

24.73±0.51
24.68±0.53
24.79±0.47

20.58±1.66
20.94±1.67
20.14±1.55

16.89±1.80
17.18±1.83
16.53±1.72

10.15±3.42
10.45±3.45
9.76±3.36

98.92±2.03
98.74±2.12
99.16±1.88

82.33±6.66
83.75±6.70 
80.57±6.21

67.56±7.17
68.72±7.31
66.11±6.77

40.58±13.68
41.81±13.82
39.05±13.43

23
23
23

17
17
17

12
12
12

4
5
4

92
92
92

68
68
68

48
48
48

16
20
16

25
25
25

24
24
23

22
22
20

19
19
18

100
100
100

96
96
92

88
88
80

76
76
72

0.070

< 0.001

< 0.004

< 0.083

The statistical significance level was p < 0.05;  
KKU list,  Khon Kaen University lists; OTL, original Thai monosyllabic word lists

Figure 2. Pearson’s correlation analysis of the PTA and the SRS of the OTL and the KKU lists for all the studied groups
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Figure 2. Pearson’s correlation analysis of PTA and the SRS of the OTL and the KKU lists for all the studied groups

P = <0.001 

r = -0.879       

 

Cronbach’s alpha coefficient was used to 
measure the consistency within each word list in 
the KKU lists and the OTL as well as between the 
KKU lists and the OTL (Table 6). 

DISCUSSION
Consonants, tones, and vowels come together  

creating the frequency changes of words that 
affect speech recognition (20). Moreover, tone 

is important in predicting words, particularly  
among individuals with sensorineural hearing 
loss who encounter difficulties with speech rec-
ognition. In 2018, Juthamanee demonstrated the 
confusion that can occur from Thai tonal differ-
ences (21). Low tones and rising tones can lead to 
a high degree of confusion. Particularly in cases of 
severe sensorineural hearing loss, ambivalence in 
speech recognition is found from low tones into 
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Table 5. The means and standard deviations of the SRS of the KKU lists and the OTL (without the SRS from RAMA SD-1 
(list 1)) 

Mean±SD Min Max
Significant 

levelWords 
counted

Word %
Words 

counted
Word %

Words 
counted

Word %

Normal hearing

Moderate
hearing loss

Moderately severe 
hearing loss

Severe hearing loss

Totals
OTL

KKU lists

Totals
OTL

KKU lists

Totals
OTL

KKU lists

Totals
OTL

KKU lists

24.73±0.51
24.68±0.53
24.79±0.47

20.58±1.66
20.94±1.67
20.14±1.55

16.89±1.80
17.18±1.83
16.53±1.72

10.15±3.42
10.45±3.45
9.76±3.36

98.92±2.03
98.58±2.23
99.16±1.88

82.33±6.66
83.10±6.71
80.57±6.21

67.56±7.17
67.68±7.32
66.11±6.77

40.58±13.68
40.47±13.32
39.05±13.43

23
23
23

17
17
17

12
12
12

4
5
4

92
92
92

68
68
68

48
48
48

16
20
16

25
25
25

24
24
23

22
22
20

19
19
18

100
100
100

96
96
92

88
88
80

76
76
72

0.131

< 0.001

< 0.001

< 0.001

The statistical significance level was p < 0.05
KKU list,  Khon Kaen University lists; OTL, original Thai monosyllabic word lists

Table 7. The numbers of tones in each of the KKU lists 

Tones
Words

KKU list 1 KKU list 2 KKU list 3 KKU list 4

Flat tone
Down tone
Falling tone
High tone
Rising tone

3
8
9
3
2

5
8
9
0
3

3
8
9
3
2

5
7
9
2
2

KKU list,  Khon Kaen University lists; OTL, original Thai monosyllabic word lists

Table 6. The internal consistency values of the PTL and the KKU lists 

OTL KKU lists Totals Significant level

Normal hearing
Moderate hearing loss
Moderately severe hearing loss
Severe hearing loss
Totals

0.714
0.953
0.938
0.973
0.995

0.738
0.946
0.950
0.969
0.996

0.807
0.974
0.947
0.985
0.998

0.000

KKU list,  Khon Kaen University lists; OTL, original Thai monosyllabic word lists

flat tones, from rising tones into low tones, and 
from rising tones into flat tones. Lertsukprasert 
illustrated that children who had experienced 
severe sensorineural hearing loss and who used 
hearing aids had low speech recognition scores, 
especially when hearing words with low tones 
and rising tones. For that reason, in word lists 
used in speech recognition tests there should be 
an awareness of the numbers of words with low 
tones and rising tones (22) in order to balance the 
difficulty of guessing words. In the current study, 

the four KKU lists classified the tones, especially 
the numbers of words with similar low tones and 
rising tones, in each word list.  Moreover, the lists 
were phonetically balanced (Table 7). Each word 
list in the KKU lists was compose of 25 words. In 
situations involving complicated issues, choosing  
two word lists for more precising test results 
might be considered.

The score range (min-max) at each level of 
hearing loss for all nine-word lists was in the 
standard value range (Table 8). Thus, the KKU 
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lists can be used when performing clinical exam-
inations and when determining speech recogni-
tion scores. 

The averages of the speech recognition scores 
from the KKU lists and OTL were analyzed using 
the paired-sample t-test.  The results indicate 
that there were no statistically significant differ-
ences among the participants in the normal hearing 
groups. This result is in accord with the findings 
of Kasmer, who suggested that people who have 
normal hearing (0-25 dB HL) have speech recog-
nition scores between 90-100 (23).

The averages of the speech recognition scores 
between the KKU lists and the OTL among par-
ticipants who had moderate, moderately severe, 
and severe sensorineural hearing loss, revealed 
statistically significant differences. Individuals  
with mild sensorineural hearing loss (26-40 dB HL)  
were excluded due to the overlap in the range of  
normal hearing and moderate sensorineural 
hearing loss in speech recognition scores (24, 25).   
Additionally, when the word lists from the KKU 
lists and the OTL were considered, the outcomes 
showed that the average scores from the RAMA 
SD-1 (list 1) differed from the other lists:  SRS 
scores were higher than the other word lists 
which were found to be equal. However, using 
the paired-sample t-test to recalculate the scores 
after removing the RAMA SD-1 (list 1) found that 
the average scores from the OTL had declined for 
all hearing levels. Comparison between before  
the recalculations found the speech recognition 
scores from the OTL and the KKU lists for the 
severe sensorineural hearing loss groups had 
a statistically significant difference (p < 0.001), 
but after recalculation there was no statistically  
significant difference (p = 0.083). This change 
could be due to the fact that some participants 

had regularly received audiometry and had pre-
viously been tested with OTL, particularly with 
the RAMA SD-1 (list 1), the first word list used for 
testing and which is more frequently used than 
the others. It is very likely that these participants 
may have been more familiar with the OTL, even 
though they may have previously had audiometry 
testing using other word lists before entering the 
study.  In other words, the lack of homogeneity in 
the OTL suggests that the RAMA SD-1 (list 1) may 
be easier than other lists and that it could also 
exhibit an uneven distribution of phonetic and 
phonemic balance (26, 27). However, when the 
Mean±SD of the KKU lists and the OTL were ex-
amined for the moderate and moderately severe 
groups, no differences of more than four percent 
were found between the groups. Regarding the 
clinical results, the results of SRS testing demon-
strated that one correct word had shown a mean 
of four percent, which meant that there had been 
no significant differences in the clinical results.  

The analyses of the speech recognition scores 
of the participants with normal hearing and those 
with severe sensorineural hearing loss showed 
that the SRS results with both the KKU lists and 
OTL were in accordance with the standard values 
(23). However, in the groups with moderate sen-
sorineural hearing loss and moderately severe 
sensorineural hearing loss, the scores did not 
follow the standard values.

The differences between the KKU lists and the 
standard values could have occurred due to the 
fact that some participants had regularly used 
hearing aid devices prior to the testing. This may 
have led to higher scores than those of individuals  
who did not wear hearing aids despite having 
similar hearing levels. Another factor that can 
affect speech recognition scores is the duration 

Table 8. The standard value of speech recognition score compared with KKU lists and OTL.

Levels of hearing (18, 19)

Speech Recognition Scores

Standard 
values (23)

KKU lists OTL

Min-Max Min-Max Mean Min-Max Mean

Normal (0-25 dB)
Mild (26-40 dB)
Moderate (41-55 dB)
Moderately severe (56-70 dB) 
Severe (>70 dB)

90-100%
75-89%
60-74%
50-59%
<50%

92-100%
-

68-92%
48-80%
16-72%

99.16%
-

80.57%
66.11%
39.05%

92-100%
-

68-96%
48-88%
20-76%

98.74%
-

83.75%
68.72%
41.81%

KKU list,  Khon Kaen University lists; OTL, original Thai monosyllabic word lists
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of hearing loss and of rehabilitation (28). Partic-
ipants may have had different opportunities to 
gain access to hearing aid devices due to their 
financial status and to their understanding of 
the importance of hearing loss rehabilitation (29, 
30). According to Downs, patients who have sen-
sorineural hearing loss and who regularly wear 
hearing aid devices will have significantly better 
speech discrimination and will require reduced 
effort in understanding words compared to pa-
tients who have similar hearing abilities but who 
do not use hearing aid devices (31). 

	
CONCLUSIONS

The Thai monosyllabic word lists for the 
speech recognition test in adults (KKU lists) show 
phonetic balance in each word list without effects 
related to the order of usage. The speech recog-
nition scores for each word list of the KKU lists 
and the OTL, however, tend to decrease as the 
level of hearing increases. This demonstrates the 
consistency index value regarding the accuracy 
of each word list with the exception of the RAMA 
SD-1 (list 1). Hence, when selecting word lists to 
determine speech recognition scores, it is advis-
able to refrain from using the RAMA SD-1 (list 1) 
due to its limitations in terms of familiarity, pho-
netic balance, homogeneity of words within the 
list and elevated SRS. The average SRS from the 
KKU lists were determined to be closer to the 
standard value than to the OTL. 
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Incidence of and Risk Factors for Extrauterine Growth Restriction in  
Preterm Infants with Gestational Age Less Than 32 Weeks or Birth Weight 
Less Than 1,500 Grams
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 ABSTRACT

OBJECTIVE  To determine the incidence and risk factors for extrauterine 
growth restriction (EUGR) in preterm infants with gestational age (GA) 
less than 32 weeks or birth weight (BW) less than 1,500 grams.

METHODS  A retrospective cohort study reviewed preterm infants ad-
mitted at Chiang Mai University Hospital between January 1, 2017, and 
December 31, 2020. EUGR was defined as weight below the 10th percentile 
at 36 weeks postmenstrual age based on the Fenton growth chart. Data 
were analyzed, with a p-value of less than 0.05 considered statistically 
significant. Multivariate regression analysis was adjusted for confounding 
variables.

RESULTS Among 310 eligible infants, 201 (64.8%) were diagnosed with 
EUGR. All of 76 SGA infants (100.0%) were EUGR. Significant risk factors 
included proven sepsis (OR 3.90, 95%CI 1.13-13.45, p = 0.03), diuretic use  
(OR 3.62, 95%CI 1.47-8.91, p = 0.005), definite NEC (OR 3.54, 95%CI 1.60-7.83, 
p = 0.002), maternal gestational hypertension (OR 2.36, 95%CI 1.28-4.35,  
p = 0.006), and multiple births (OR 1.85, 95%CI 1.04-3.28, p = 0.04). Nutritional 
risk factors were delayed full enteral feeding (OR 1.08, 95%CI 1.03-1.12, p = 
0.001) and higher initial glucose infusion rate (GIR) in TPN (OR 1.28, 95%CI 
1.11-1.48, p = 0.001).  Infants with EUGR had longer hospital stays and higher  
hospital costs than non-EUGR infants. Multivariate analysis showed sig-
nificant risks including definite NEC (OR 2.45, 95%CI 1.01-5.96, p = 0.049), 
maternal gestational hypertension (adjusted OR 2.79, 95%CI 1.46-5.33, p = 
0.002), and multiple births (adjusted OR 2.29, 95%CI 1.24-4.24, p = 0.008). 

CONCLUSIONS Multiple births, maternal gestational hypertension, 
SGA status, and NEC were associated with a higher risk of EUGR in pre-
term infants less than 32 weeks or VLBW. Providing proper antenatal care 
for mothers with multiple pregnancies or gestational hypertension, along 
with optimized postnatal care, can help improve growth outcomes and 
reduce the incidence of EUGR in these infants.  

 KEYWORDS  extrauterine growth restriction, preterm infant, very low  
 birth weight 
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INTRODUCTION
Over the past few decades, the survival rates 

of very low birth weight (VLBW) infants, those 

with birth weights less than 1,500 grams, have in-
creased. However, these infants still face a risk 
of growth and neurodevelopmental problems  
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despite their higher overall survival rates (1).  
Extrauterine growth restriction (EUGR), particu-
larly in VLBW preterm infants, is a prevalent issue 
that affects healthcare costs, length of hospital 
stays, and long-term morbidity, including cogni-
tive dysfunction, behavioral problems, and meta-
bolic diseases (2-4). 

The incidence of EUGR among VLBW infants 
varies by country and is influenced by the quality  
and the competency of neonatal intensive care 
units (NICUs).  In Asian countries, the incidence 
ranges from 67-72%, which is comparable to Euro- 
pean countries where it ranges from 51-73%, but 
notably higher than in the U.S., where the inci-
dence is 28% (5-9). This variation is likely due to  
differences in neonatal care practices, nutrition 
management strategies, and the availability of 
advanced medical technologies, all of which in-
fluence growth outcomes in preterm infants 
across regions.

Several biological and epidemiological factors 
contribute to the slower growth of Asian popula-
tions compared to Caucasians. One key factor is 
genetic predisposition. Studies have shown that 
differences in body composition, including lower  
lean body mass and higher fat percentage at birth, 
are more common in Asian infants, which may 
result in slower postnatal growth rates (10). Addi- 
tionally, maternal nutritional status during preg-
nancy in many Asian countries can be suboptimal  
due to cultural dietary practices, economic factors,  
or limited access to healthcare, which can affect  
fetal growth and lead to smaller birth sizes (11).  
Furthermore, the prevalence of gestational diabetes 
and hypertension is higher in Asian populations, 
conditions known to impact fetal growth (12).  
Another factor is the higher incidence of preterm 
births in some Asian countries, which increases 
the likelihood of EUGR in preterm infants (13).

The Fenton growth curve is widely used to  
define EUGR in preterm infants, including those in 
Asian populations. It serves as a standardized tool 
for monitoring growth based on gestational age 
and birth weight, comparing postnatal growth to 
intrauterine growth patterns (14). However, the 
curve was developed using data predominantly 
from Western populations, which may not fully 
represent the growth characteristics of Asian in-
fants who generally have lower birth weights and 
smaller body sizes at the same gestational ages 

compared to their Caucasian counterparts (15, 
16). Despite these limitations, the Fenton growth 
curve remains a valuable tool for growth moni-
toring and continues to be used in our institution 
for assessing growth in VLBW infants. 

Previous studies have identified several pre-
natal and postnatal risk factors for EUGR. Prenatal 
risk factors include advanced maternal age (over 
35 years), multiple births, and pregnancy compli- 
cations such as placental abruption, maternal 
gestational hypertension, and gestational diabe-
tes (1, 17). Postnatal risk factors include general 
issues such as nutritional deficiencies and being 
small for gestational age (SGA), as well as comor-
bidities such as respiratory distress syndrome, 
patent ductus arteriosus (PDA), necrotizing enter-
ocolitis (NEC), intraventricular hemorrhage (IVH), 
retinopathy of prematurity (ROP), and bron-
chopulmonary dysplasia (BPD) (1, 9, 18). 

No study has yet examined the incidence and 
risk factors of EUGR in Thailand, limiting the  
development of strategies to prevent or reduce 
it. Since the incidence and risk factors for EUGR 
differ between countries due to population dif-
ferences and healthcare practices and no data is 
available for Thailand, further research is needed. 
This study aims to identify the incidence and risk 
factors of EUGR in VLBW infants in Thailand. 

METHOD
This retrospective cohort study utilized data 

gathered from electronic medical records. Partici-
pants included preterm infants with a gestational 
age (GA) of less than 32 weeks or a birth weight 
of less than 1,500 grams (very low birth weight; 
VLBW) who were born in a hospital or admitted 
within 48 hours after birth at Chiang Mai University 
Hospital, Thailand, a tertiary care hospital, between 
January 1, 2017, and December 31, 2020.

Patients with chromosomal abnormalities, 
major congenital malformations (including critical 
congenital heart conditions and surgical congen-
ital gastrointestinal conditions), TORCH infections, 
and those who died before 36 weeks postmen-
strual age (PMA) were excluded.

The sample size was calculated using a statisti-
cal formula based on a 95% confidence level and a 
5% margin of error. This calculation was informed 
by the study of Peila. (8), which reported an EUGR 
incidence of 73% in preterm infants with a GA of 



Nawinda Rueang-amnat, et al.

102		  Biomedical Sciences and Clinical Medicine 2025;64(2):100-106.

less than 30 weeks or a birth weight of less than 
1,500 grams. Consequently, the required sample size 
for our study was determined to be 303 patients.

EUGR was diagnosed when the patient’s weight 
at 36 weeks PMA was less than the 10th percentile 
according to the Fenton growth chart. Respiratory 
distress syndrome was diagnosed based on signs 
of increased work of breathing and a demonstra-
tion of fine reticular granularity of lung parenchy-
ma with air bronchograms on chest radiography 
(19).  PDA was diagnosed based on the presence 
of clinical signs plus abnormal radiographic findings,  
including increased pulmonary vasculature or 
cardiomegaly, or on echocardiographic findings 
of PDA which were treated medically or surgi-
cally (20). NEC was diagnosed based on clinical, 
radiological, and/or histopathological evidence  
that fulfilled stage II or III of modified Bell’s criteria  
and was treated medically or surgically (21). IVH 
was detected by a radiologist and graded by 
Papile’s classification as severe as grade III or IV 
(22).  BPD was diagnosed using the definitions 
from the National Institutes of Health 2018 (23). 
Resuscitation in the delivery room was defined as 
one or more of the following procedures: positive 
pressure ventilation (PPV), chest compression 
(CPR), intubation, or continuous positive airway 
pressure. Proven sepsis was defined by the pres-
ence of a positive hemoculture and correlated with 
clinical signs of sepsis. SGA was diagnosed when 
the patient’s birth weight was less than the 10th 
percentile according to the Fenton growth chart.

According to Chiang Mai University Hospital’s 
feeding guidelines for VLBW infants, these infants 
are started on a standard intravenous solution 
containing glucose, amino acid, and calcium glu-
conate within 24-48 hours after birth, followed 
by parenteral nutrition the next day with initial 
fluids of 60-100 mL/kg/day, initial protein of 2-3 
g/kg/day, initial glucose of 4-6 mg/kg/min, and 
initial lipid of 1-2 g/kg/day. Enteral nutrition is 
initiated within 48 hours after birth or when the 
infant is clinically stable, with colostrum (0.5-2 
mL) used as mouth care every 8 hours, or more 
frequently if enteral nutrition cannot be started.

Statistical analysis
Data were analyzed using IBM SPSS statistics 

for Windows, version 26 (SPSS, Armonk, NY, USA). 
A p-value of less than 0.05 was considered statis-

tically significant. Demographic data of infants  
with and without EUGR were compared using the 
Student’s t-test for continuous variables and the 
Chi-square test for categorical variables, while 
the Mann-Whitney U test or the t-test was utilized 
for continuous variables in univariate analysis. 

Multivariate regression analysis was used to 
adjust for potentially confounding variables based 
on significant data from the univariate logistic 
analysis of factors associated with EUGR. Analysis 
of covariance was used for continuous outcome 
variables, and logistic regression was used for 
dichotomous variables. Results are reported for 
both analyses if the findings were significantly 
different. Logistic regression analysis results are 
expressed as odds ratios (OR) with 95% confidence 
intervals (CI).

Ethical approval
The study was approved by the Research Ethic  

Committee Faculty of medicine, Chiang Mai Uni-
versity, under protocal code PED-2564-08082.

RESULTS
A total of 403 preterm infants with GA less than 

32 weeks or VLBW were admitted to Chiang Mai 
University Hospital over four years. Ninety-three 
infants were excluded due to being referred at 
more than 48 hours of age, dying before 36 weeks 
PMA or discharge, having significant congenital  
anomalies or chromosomal abnormalities, or 
having a TORCH infection. This left 310 infants 
enrolled in the study. The data was completely 
reviewed without missing data.

Among the 310 eligible infants, 201 (64.8%) 
were diagnosed with EUGR. Additionally, all 76 
SGA infants were identified with EUGR (100%). 
The demographic and clinical characteristics 
of infants with and without EUGR are shown in 
Table 1. Significant risk factors associated with 
EUGR included proven sepsis (OR 3.90, 95%CI 
1.13-13.45, p = 0.030), diuretic use (OR 3.61, 95%CI 
1.47-8.90, p = 0.005), definite NEC (OR 3.53, 95%CI 
1.60-7.82, p = 0.002), maternal gestational hyper- 
tension (OR 2.35, 95%CI 1.27-4.34, p = 0.006), and  
multiple births (OR 1.84, 95%CI 1.04-3.27, p = 0.040).  
Nutritional risk factors included longer time 
to full enteral feeding (OR 1.07, 95%CI 1.02-1.12,  
p = 0.001) and higher GIR started in TPN (OR 1.28, 
95%CI 1.10-1.48, p = 0.001). Infants with EUGR had 
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Table 1. Demographic and clinical characteristics of infants with and without extrauterine growth restriction (EUGR)

Factors EUGR (n=201) Non EUGR (n=109) p-value

Male gender, n (%)
Mean gestational age, weeks (±SD)
Mean birth weight, grams (± SD)
Antenatal factors

Elderly gravida, n (%)
Multiple births, n (%)
Any doses antenatal steroid, n (%)
Placenta abruption, n (%)
PROM, n (%)
Gestational diabetes, n (%)
Maternal gestational hypertension, n (%)
Intrauterine growth restriction, n (%)

Intrapartum factors
Mean APGAR score at 5 min, score (± SD)
Resuscitation, n (%)

Postnatal factors
General Postnatal factors

-	 Small for gestational age, n (%)
-	 Median NPO time, day (Range)
-	 Median age at first TPN was started, hour (range)
-	 Mean of initial parenteral protein, gram/kg/day (± SD)
-	 Mean of initial parenteral fat, gram/kg/day (± SD)
-	 Mean of initial parenteral glucose, mg/kg/min (± SD)
-	 Median TPN duration, day (Range)
-	 Median time to full enteral feeding, day (range)
-	 Breast milk as initial enteral feeding, n (%)
-	 Fortified breast milk, n (%)
-	 Mean of max PF concentration, kcal/oz (± SD)
-	 Mean of maximum enteral feeding total volume, 
	 mL/kg/day (± SD)
-	 Mean of maximum calories, kcal/kg/day (± SD)

99 (49)
30.5 (±2.9)
1130 (±328)

58 (29)
59 (29)
164 (82)

8 (4)
53 (26)
33 (16)
58 (29)
38 (19)

7 (±1)
173 (86)

76 (38)
1 (0-106)
13 (1-30)
2.7 (±1.4)
1.1 (±0.4)
5.5 (±1.4)
9 (1-127)
11 (2-126)
184 (92)
198 (99)
24 (±2)

156 (±10)

128 (±8)

55 (50)
30.0 (±2.5)
1441 (±429)

37 (34)
20 (18)
92 (84)

9 (8)
29 (27)
22 (20)
16 (15)
0 (0)

7 (±1)
98 (90)

0 (0)
1 (0-21)
12 (1-70)
2.2 (±1.0)
0.9 (±0.5)
4.8 (±2.1)
8 (1-44)
9 (2-45)
99 (91)

102 (94)
24 (±1)

154 (±8)

123 (±8)

0.840
0.139

< 0.001*

0.353
0.034*

0.533
0.114
0.964
0.407
0.005*

< 0.001*

0.652
0.331

< 0.001*

0.026*

0.213
0.091
0.093
0.001*

 < 0.001*

< 0.001*

0.831
0.019*

0.002*

0.251

0.891

    Medication treatment
-	 Post- natal steroid use, n (%)
-	 Diuretic drug, n (%)
-	 Aminophylline, n (%)
-	 Median initial multivitamin, day (range)
-	 Median initial iron supplement, day (range)

   Co-morbidities
-	 RDS with surfactant, n (%)
-	 PDA with treatment, n (%)
-	 NEC, n (%)
-	 Severe IVH (gr 3-4), n (%)
-	 BPD, n (%)
-	 ROP, n (%)
-	 Proven sepsis, n (%)

Outcomes
Median length of stay, day (range)
Median cost, Thai baht (range)

33 (16)
35 (17)
118 (59)

11 (3-127)
19 (10-140)

57 (28)
72 (36)
44 (22)
9 (4)

70 (35)
55 (27)
20 (10)

55 (16-381)
294,833         

(48,722-2,584,449)

6 (6)
6 (6)

65 (60)
10 (5-45)
18 (12-52)

36 (33)
35 (32)

8 (7)
5 (5)

32 (29)
22 (20)

3 (3)

45 (7-223)
209,079  

(24,494-2,339,900)

0.060
0.030*

0.874
0.003*

< 0.001*

0.392
0.512
0.001*

0.965
0.328
0.162
0.021*

< 0.001*

0.001*

*Statistically significant 
PROM, premature rupture of membranes; TPN, total parenteral nutrition; PF, preterm formula; RDS, respiratory distress 
syndrome; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; BPD, bronchopulmonary dysplasia; ROP, 
retinopathy of prematurity
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longer hospital stays (55 [16-381] vs 45 [7-223] 
days, p < 0.001) and higher hospital costs (294,833 
[48,722-2,584,449] vs 209,079 [24,494-2,339,900] 
THB, p < 0.001) than non-EUGR infants. The sig-
nificant risk factors were subsequently calculated 
for odds ratio, 95%CI, and p-value, as presented 
in Table 2.

Multivariate analysis was conducted to control 
for several potential confounders, as demonstrat-
ed in Table 3. The significant risk factors found 
to increase the risk of EUGR among infants with 
GA less than 32 weeks or VLBW included definite 
NEC (OR 2.45, 95%CI 1.004-5.98, p = 0.049), ma-
ternal gestational hypertension (adjusted OR 2.78, 
95%CI 1.46-5.32, p = 0.002), and multiple births 
(adjusted OR 2.29, 95%CI 1.23-4.23, p = 0.008).

DISCUSSION
In this study, the incidence of EUGR was 64.8% 

in infants with GA less than 32 weeks or VLBW,  
which aligns with previous studies, particularly those  
from China, Taiwan, Spain, and Italy (1, 5, 6, 8, 9, 
24). In contrast, the EUGR incidence in our study 
was significantly higher than in US studies (7).  All 
76 SGA infants were identified with EUGR (100%).

Liao (1) and Figueras-Aloy (9) found that mul-
tiple births were a risk factor for EUGR, which 
is consistent with our study (adjusted OR = 2.29, 
95%CI 1.24-4.24). Maternal gestational hyperten-

sion was also significantly associated with EUGR 
(adjusted OR = 2.79, 95%CI 1.46-5.33), a finding 
supported by Za Zhi and Figueras-Aloy. Both factors 
were also associated with intrauterine growth  
restriction (IUGR), as found in our study.

Definite NEC was a significant risk factor for 
EUGR (adjusted OR = 2.45, 95%CI 1.00-5.99) be-
cause NEC causes bowel inflammation and a 
longer duration of NPO time. This finding is sim-
ilar to those of Clark (7) and Figueras-Aloy (9). 
From this finding, the prevention of NEC should 
be more emphasized, including nutritional issues, 
feeding protocols for preterm infants, and reducing 
the prolonged use of  antibiotics.

In our study, infants who received oral diuretics  
for more than two weeks (adjusted OR = 2.62, 95%CI 
0.99-6.98, p = 0.05) with doses of 1-3 mg/kg/day 
of furosemide, spironolactone, or hydrochloro- 
thiazide due to chronic conditions, including 74% 
with moderate to severe BPD and others with 
acyanotic congenital heart disease with increased 
pulmonary blood flow, were found to be signifi-
cant risk factors for EUGR.  Although the use of 
diuretics was found to be not statistically signi- 
ficant after further analysis, it may still impact 
growth outcomes. Prolonged use of diuretics, 
particularly loop diuretics like furosemide, can 
negatively affect growth outcomes. Diuretics 
increase the excretion of essential electrolytes 

Table 2. Univariate logistic analysis of factors associated with EUGR

Risk factors Odds ratio
95% confidence 

interval
p-value

Proven sepsis, n (%)
Diuretic drug, n (%)
NEC, n (%)
Maternal gestational hypertension, n (%)
Multiple births, n (%)
Mean of initial parenteral glucose, mg/kg/min (± SD)
Mean of max PF concentration, kcal/oz (± SD)
Median time to full enteral feeding, day (range)

3.90
3.61
3.53
2.35
1.84
1.28
1.26
1.07

1.13-13.45
1.47-8.90
1.60-7.82
1.27-4.34
1.04-3.27
1.10-1.48
1.04-1.52
1.02-1.12

0.031
0.005
0.002
0.006
0.035
0.001
0.016
0.001

NEC, necrotizing enterocolitis;  EUGR, extrauterine growth restriction

Table 3. Multivariate logistic regression analysis of factors associated with EUGR

Risk factors
Adjusted 

odds ratio
95% confidence 

interval
p-value

Maternal gestational hypertension, n (%)
NEC, n (%)
Multiple births, n (%)

2.78
2.45
2.29

1.46-5.32
1.004-5.98
1.23-4.23

0.002
0.049
0.008

NEC, necrotizing enterocolitis;  EUGR, extrauterine growth restriction
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and nutrients, such as sodium, potassium, cal-
cium, and chloride, which are critical for growth 
and development in preterm infants (25). Chronic 
diuretic therapy may lead to imbalances in these 
electrolytes and contribute to poor weight gain 
and linear growth, potentially exacerbating the 
risk of EUGR (26). Since oral diuretics are fre-
quently used in our hospital, adjusting the treat-
ment strategy to reduce their use should be  
encouraged.

A strength of this study is that all medical re-
cords were thoroughly reviewed using proper 
data gathering methods, and a standardized defi-
nition for EUGR diagnosis was applied. However, 
the study is limited by its retrospective design, 
which introduces potential bias, particularly in 
the definition of certain risk factors. For example, 
NEC was only defined as definite NEC if it met 
stage II or III criteria by the modified Bell’s staging, 
whereas NEC stage I, which involves NPO manage- 
ment for 1-3 days, could also affect infant growth 
but was not included. Similarly, in cases of PDA 
without medical or surgical management, fluid 
intake may have been restricted to treat the con-
dition, potentially impacting growth and contri- 
buting to EUGR.

Additionally, this study used the Fenton growth 
curve to define EUGR in the Thai population. The 
Fenton growth curve was developed primarily 
from data on Western populations, which may not 
accurately reflect the growth patterns of Asian 
infants, including Thai infants, who typically have 
smaller birth weights and body sizes compared to 
Caucasian infants (14, 15). This discrepancy could 
lead to an overestimation of EUGR incidence in 
the Thai population. Furthermore, as the Fenton 
curve is based on intrauterine growth patterns, 
it may not fully account for postnatal growth in 
preterm infants, especially those with complex 
medical conditions (16). This limitation under-
scores the need for population-specific growth 
references that better capture the growth trajec-
tories of Thai infants as a means of improving the 
accuracy of EUGR diagnosis and management.

Based on our study findings, improving ante-
natal care to manage maternal conditions, such 
as gestational hypertension, and providing coun-
seling on the risk of EUGR associated with multiple 
pregnancies are important. During hospitalization, 
special attention should be given to infants at 

high risk of EUGR, particularly those classified as 
SGA. Careful monitoring of these infants, along 
with adjusting feeding strategies to ensure adequate 
energy intake and reduce complications like NEC, 
is essential. Additionally, minimizing the use of 
diuretics is crucial to promoting better growth 
outcomes in VLBW infants.

CONCLUSIONS
Multiple births, maternal gestational hyper-

tension, SGA status, and NEC are associated with 
a higher risk of EUGR in very preterm or VLBW 
infants. Providing proper antenatal care for 
mothers with multiple pregnancies or gestational  
hypertension, along with optimized postnatal care, 
can help improve growth outcomes and reduce 
 the incidence of EUGR in these infants.
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 ABSTRACT

OBJECTIVE  Osteosarcoma (OS) is the most common primary bone malig- 
nancy among adolescents and young adults. It is characterized by a high 
mortality rate, though it remains a relatively rare disease overall. The treat-
ment protocols can be complex and challenging. We conducted a compar-
ative genomic variation study to identify genes involved in the metabolism 
of chemotherapy drugs that are affected by various genomic alterations.

METHODS  This study analyzed the germline and tumor genomes of 
three OS patients who responded poorly to chemotherapy, developed 
lung metastases, and ultimately succumbed to the disease. Genes of in-
terest were identified through a systematic review of apoptosis, auto-
phagy, necroptosis, and chemotherapy-related databases. Whole-genome 
sequencing (WGS) revealed deleterious single nucleotide polymorphisms 
(SNPs), copy number variations (CNVs), and structural variations (SVs) in 
genes linked to cancer and chemotherapy. Protein association network 
analyses were used to highlight both shared and unique biological pro-
cesses associated with OS in these patients.

RESULTS Pathogenic SNPs were identified exclusively in patients P1 and 
P3. Patient P1 exhibited a missense mutation in the PIK3CD gene and a 
splice donor site mutation in the TP53 gene, while patient P3 carried a non-
sense mutation in the MLH1 gene. The tumor genome of patient P1 showed 
extensive CNVs, whereas those of patients P2 and P3 displayed fewer CNV 
regions. TBX4 and PPM1D were common genes affected in both patients P1 
and P2.  SVs were detected in all three tumor genomes, impacting different 
key genes involved in platinum drug resistance and DNA repair. Notably, 
all three patients shared SVs in the TDG and SPECC1 genes. All identified  
mutated genes were correlated with clinical features of the patients. 

CONCLUSIONS This study highlights the potential of genomic analysis  
to improve the diagnosis, treatment, and management of OS. Insights into 
therapy resistance mechanisms and key genomic alterations offer oppor-
tunities for developing targeted therapies and predictive biomarkers. 
These findings support the advancement of precision oncology in OS, as a 
means of paving the way for personalized treatment approaches to improve 
patient outcomes.  

 KEYWORDS  osteosarcoma, genome, single nucleotide polymorphisms, 
copy number variations, structural variations, chemotherapy

Correspondence:  
Siripong Tongjai, PhD,   
Department of Microbiology,
Faculty of Medicine, Chiang Mai
University, 110 Inthavaroros Rd,  
Tambon Si Phum, Amphoe Muang, 
Chiang Mai, 50200, Thailand.   
E-mail: siripong.tongjai@cmu.ac.th

Received: April 10, 2024;   
Revised:  January 13, 2025;  
Accepted: February 20, 2025

 Original Article

Biomedical Sciences and Clinical Medicine 2025;64(2):107-125. 
doi:  10.12982/BSCM.2025.10
https://he01.tci-thaijo.org/index.php/CMMJ-MedCMJ/index

Open Access

This article is licensed under a 
Creative Commons Attribution 4.0 
International License, which permits 
use, sharing, adaptation, distribution 
and reproduction in any medium or 
format, as long as you give appropriate 
credit to the original author(s) and the 
source, provide a link to the Creative 
Commons licence, and indicate if 
changes were made.

©  The Author(s) 2025.  Open Access

iD

iD iD

iD  iD iD

https://orcid.org/0009-0007-1390-5481
https://orcid.org/0009-0008-6110-6614
https://orcid.org/0000-0002-5392-9062
https://orcid.org/0000-0003-0047-5578
https://orcid.org/0000-0002-5358-9336
https://orcid.org/0000-0001-6451-675X


Nitipum Nantasuwan, et al.

108		  Biomedical Sciences and Clinical Medicine 2025;64(2):107-125

INTRODUCTION
Osteosarcoma (OS) is the most common malig-

nant bone tumor; it is marked by the deposition of 
immature osteoid matrix (1). Its prevalence varies 
by age, ethnicity, and genetics, with a bimodal age 
distribution peaking in children and adolescents 
and again in the elderly (2). The 5-year survival 
rate is approximately 60-70% (3), but the progno- 
sis worsens if the tumor shows less than 90% 
necrosis after treatment (4). Treatments includes 
surgery, chemotherapy, and immunotherapy (3). 
While the pathogenesis of OS remains unclear, 
chromosomal abnormalities have been linked to 
increased susceptibility to the disease (2, 3, 5).

Genomic instability plays a critical role in tumor 
formation. Chromothripsis, in particular, results 
from the imperfect repair of fragmented chromo-
somes caused by clustered DNA double-strand 
breaks, occurring in a single event rather than 
gradually (6). Normally, this catastrophic rear-
rangement triggers apoptosis, but if apoptosis 
fails, the misrepaired genetic material can drive 
tumor development (6). Chromothripsis has been 
identified in OS, with studies reporting its presence 
in a significant number of cases (7, 8).

Chromothripsis plays a significant role in tumor 
development and progression by causing frag-
mented and rearranged chromosomes. These 
rearrangements can deactivate tumor suppres-
sor genes, amplify oncogenes, and result in other 
genomic alterations which contribute to the can-
cer phenotype. Common rearrangements include 
structural variations (SVs) and copy number varia- 
tions (CNVs). Examples include translocations 
impacting tumor suppressor genes like TP53, RB1, 
and WWOX, as well as CNVs such as copy number 
gains in DK4 and CCNE1 and copy number losses 
in CDKN2A and TP53. Additionally, TP53 mutations  
are linked to early onset and higher metastatic 
rates in OS (9, 10). In addition, rs7591996 has been 
linked to increased OS risk (11).  Abnormal expres-
sion of the anti-apoptotic AKT1 gene and pro- 
apoptotic BAX gene (12), as well as autophagic and 
necroptotic genes like BECN1 (13) and RIPK1 (14), 
has also been observed in OS. 

Platinum-based chemotherapy works by crea-
ting DNA crosslinks, leading to cytotoxicity and 
apoptosis. However, tumor resistance to plati-
num drugs can arise through mechanisms such 
as altered drug transport, enhanced DNA repair, 

modified survival pathways, pleiotropic changes,  
and tumor microenvironment alterations. For 
example, increased expression of cisplatin export  
modulators ATP7A and ATP7B contributes to resis- 
tance (15). Previous reports have identified 74,880 
single nucleotide variants and indels, along with 
common CNVs, such as gains and losses in spe-
cific chromosomal regions. High expression of 
PTPRQ has been linked to poor prognosis (16).  
Thus, exploring CNVs in chemotherapy-related 
genes could potentially help develop personalized  
treatment strategies.

This study addresses the complexity of OS, 
a rare bone cancer with diverse genetic altera-
tions that impact cell death and chemotherapy 
response. By analyzing genomic data from tumor 
and normal samples, the research aimed to iden-
tify somatic and germline mutations, focusing on 
structural changes in the tumor genomes of ado- 
lescents with fatal OS and poor chemotherapy 
outcomes, to advance understanding and treat-
ment strategies.

METHODS
Patients

Three OS patients, all of whom had been treated 
at Maharaj Nakorn Chiang Mai Hospital in Chiang 
Mai, Thailand, were identified as P1, P2, and P3 
(Table 1). Both P1 and P3 were male patients, 
while P2 was a female patient. All three underwent 
surgeries and received chemotherapy as part of 
their treatment. As shown in Table S1, the treat-
ment for P1 lasted 843 days, during which time 
the patient received chemotherapy twice. Table 
S2 shows that patient P2 was scheduled to receive  
chemotherapy 8 times over an 836-day treatment 
period. The treatment for patient P3 lasted 358 
days with 2 scheduled chemotherapy sessions, 
as shown in Table S3. Tissue/tumor biopsy  
specimens from the patients were collected during  
their first surgeries. The tissue specimens and 
their whole blood samples were stored at the 
Tissue Bank of Musculoskeletal Science and 
Translational Research Center, Department of 
Orthopaedics, Faculty of Medicine, Chiang Mai 
University, Chiang Mai, Thailand. Toward the end  
of their treatment, all three patients developed 
lung metastases, and all succumbed to the disease. 
The whole blood and tumor tissue specimens 
collected from the patients were extracted for 



Chemotherapy gene alterations in osteosarcoma 

Biomedical Sciences and Clinical Medicine 2025;64(2):107-125. 		  109

germline and somatic genomic DNA for Whole 
Genome Sequencing (WGS), respectively.

Systematic review
A list of genes of interest was created by re-

viewing articles available in public databases, 
referencing articles (12-14, 17-60) with keywords 
relevant to the biological processes of interest: 
apoptosis, autophagy, and necroptosis. The article 
selection scheme, depicted in Figure 1, resulted 
in the selection of 63 articles. From these arti-
cles, a list of 57 genes of interest was compiled, 
as shown in Table S4. The gene list included 
PharmGKB-curated genes involved in the phar-
macodynamic and pharmacokinetic pathways of 
chemotherapy administered to the patients (Ta-
ble S1, S2, and S3), such as the Platinum pathway 
(pharmacokinetics/pharmacodynamics), Etopo-
side pathway, Ifosfamide pathway, Methotrexate 
pathways (pharmacokinetics, antimetabolite, and  
cancer), and Doxorubicin pathways (pharmacokine- 
tics and cancer) (61-65).  The gene list also encom-
passed genes with mutations detected in OS or 
cancer patients (5, 9, 10, 16). In total, 1,794 genes of 
interest were identified in this study, as detailed 
in Table S5.

Genomic DNA extraction
Tumor tissue and matched normal genomic 

DNA samples were extracted from whole blood 
and OS tissue biopsy specimens, respectively,  
using a modified salting-out method, as described 
in Supplementary Data Doc. S1. 

Whole Genome Sequencing
Genomic DNA samples extracted from both the 

matched normal genome (white blood cells, WBC) 
and corresponding OS tissue met the requirements 
for WGS and were sent to Macrogen Korea for 
sequencing. WGS for the germline genomic DNA 
was conducted at a 30X read depth, while that of 
the tissue genomic DNA was performed at a 60X 
read depth. An Illumina NovaSeq 6000 system  
(Illumina, Inc., San Diego, CA, USA) was used as 
the sequencing platform.

Secondary NGS data analysis
WGS data from the tumor and the matched 

normal genomes of the three patients were ana-
lyzed using the Genome Analysis Toolkit (GATK) 
Best Practices (66) or single-sample short variant 
discovery. The human reference genome hg38 
was utilized throughout the pipeline. The analysis 
was conducted on a Google Cloud Compute server  
using a custom script written in the Workflow  
Description Language (WDL) and managed by 
Cromwell (67). The pipeline includes paired-end 
read alignment using BWA-MEM (68). The align-
ment files were subsequently sorted by chro-
mosome and by base quality score recalibra-
tion (BQSR). Known sites of indels in the human  
reference genome hg38 were excluded to enhance  
the accuracy of variant calling. Local computer 
servers were employed for less resource-intensive 
tasks, e.g., variant selection, SVs detection, and 
CNV estimation.

Tertiary NGS data analysis
Since the extracted variation data contained 

both pathologic and common variants, the common  
genomic variants detected or reported in both 
the patients and the genome database of the 1,000 
Genomes Project (69) were filtered out. Notably, 
the 1,000 Genomes Project includes data from the 
Dai ethnic group in China, whose genetic back-
ground is relatively close to that of the majority of 
the population in Thailand (70). The variants were 

Table 1. Patients’ characteristic data

Parameter Detail

Age

Gender, n (%)
Male
Female

Osteosarcoma type, n (%)
Conventional type

Stage at the time of diagnosis, 
n (%)

IIb
Chemotherapy, n (%)

DOX+CPT
DOX+CPT+HDMTX

Tumor necrotic percentage
Metastasis status, n (%)

Yes
No

Recurrence status, n (%)
Yes
No

Survival duration
Status, n (%)

Death
Alive

15.33 years  
(range 11-20 years)

2 (66.67)
1 (33.33)

3 (100.00)

3 (100.00)

2 (66.60)
1 (33.30)

64% (range 42-85%)

3 (100.00)
0 (0.00)

2 (66.67)  
1 (33.33)  

678 days (357-842 days)

3 (100.00)
0 (0.00)

DOX, doxorubicin; CPT, camptothecin; HDMTX, high-dose 
methotrexate.
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Figure 1. A selection scheme for identifying relevant PubMed articles

then annotated using the Ensembl Variant Effect 
Predictor (VEP) (71) as well as VarSome (72), and 
reported in a text-formatted file with clinically 
relevant information (73). 

SVs in the patient dataset were identified using  
Manta on a binary alignment file (BAM) of a tumor  
genome with a matched normal genome and scored 
using a somatic variant model (74). CNV analysis 
was performed using Control-FREEC (75) on a 
BAM file generated from a tumor genome with a 
matched normal genome. The analysis provided 
genome-wide copy number estimates for each 
chromosome using a sliding window approach 
with a window size of 50,000 base pairs (bp). 
Copy number values were represented as log2 
ratios to identify genomic gains and losses. For 
autosomes, a log2 ratio greater than 1.5 was clas-
sified as a copy number gain, while a log2 ratio 
below 0.5 indicated a copy number loss. For the 
X and Y chromosomes, a log2 ratio greater than 
0.75 signified a gain, and a log2 ratio below 0.25 
represented a loss. These thresholds were used 
to distinguish between normal and amplified or 
deleted genomic regions.

Data visualization and STRING analysis
SVs detected in OS genomes were visualized 

and reported using Circos (76). STRING (77) analy-
ses were conducted on various lists of genes/
proteins to identify their interactions and find 
relevant Gene Ontology (GO) terms, biological 
pathways, and associated diseases.

Statistical analysis  
STRING analysis incorporating statistical 

measures, including the false discovery rate (FDR) 
and interaction score, were used to identify sig-
nificant protein-protein interactions, pathways, 
and related biological processes. Interactions 
with an FDR of less than 0.05 were deemed statis-
tically significant (77). 

Ethics approval and consent to participate
The collection and use of the tissue specimens  

for the present study were approved by the  
Research Ethics Committee of the Faculty  
of Medicine, Chiang Mai University (FAC-MED- 
2563-07135). All subjects supplied written informed 
consent for participation in compliance with the 
Declaration of Helsinki. 
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RESULTS
Pathogenic mutations in key genes associated 
with osteosarcoma

The analysis revealed several germline and so-
matic mutations linked to the genes of interest  
in patients P1 and P3, as outlined in Table 2.  
Patient P1 was found to have a missense mutation 
(rs746943903) in the Phosphatidylinositol-4,5- 
Bisphosphate 3-Kinase Catalytic Subunit Delta 
(PIK3CD) gene, essential for immune response. 
This mutation was heterozygous in the germline 
but homozygous in the tumor genome, and it 
was assessed to have a moderate impact on the 
gene's function. Additionally, the tumor genome 
of P1 uniquely presented a homozygous somatic  
mutation at a splice donor site in the TP53 gene, 
identified by the identifiers COSV52762386, 
COSV52883623, and COSV53123147. Although this 
mutation does not alter an amino acid, it was 
deemed to have a high impact and was associated  
with Li-Fraumeni syndrome (78). Furthermore, 
Patient P3's germline and tumor genomes har-
bored a highly pathogenic nonsense mutation 
(rs1575481212) in the MutL Homolog 1 (MLH1) gene. 
The MLH1 protein is crucial for DNA mismatch 
repair and safeguarding against DNA damage.

Copy number variation in tumor genomes of the 
patients

CNV is frequently detected in tumors. The 
genomic regions affected by the resulted DNA 

Table 2. A list of the germline and somatic mutations affecting the genes of interest. 

Patient

P1 P3

Gene symbol	
Mutation/genotype

SNP	

Chr.	
GRCh38 change	
Impact	

Consequence	
Coding DNA change	
Protein change	
RefSeq transcript ID	
Ensembl Transcript ID

PIK3CD
Germline/HET
Somatic/HOM

rs746943903

1
g.9721793G>A
Pathogenic
Moderate
Missense
PIK3CD:c.1988G>A
p.Arg663His
NM_005026.5
ENST00000377346.9

TP53
Somatic/HOM

COSV52762386 
COSV52883623 
COSV53123147
17
g.7687376C>A
Pathogenic 
Strong
Splice donor
TP53:c.-29+1G>T
p.?
NM_000546.6
ENST00000269305.9

MLH1
Germline/HET
Somatic/HOM

rs1575481212

3
g.37014522C>A
Pathogenic  
Very Strong
Nonsense
MLH1:c.768C>A
p.Cys256Ter
NM_000249.4
ENST00000231790.8

Genotypes: HET, Heterozygous; HOM, Homozygous.

imbalance may contain genes encoding essen-
tial proteins, whose altered dosage subsequently 
leads to oncogenesis (9, 16, 79, 80). The CNV analy- 
ses of all three tumor genomes revealed several 
50,000-bp genomic regions of individual chro-
mosomes demonstrated copy number alterations 
(Figures 2A – C). 

Further investigations identified several af-
fected genomic locations and genes that play 
important roles in chemotherapy (Table S6). As 
shown in Figure S1A, patient P1 exhibited copy 
number alterations in 6,362 regions, each span-
ning 50,000 base pairs (bp), including 6,275 regions 
with copy number gains and 87 regions with copy 
number losses. Among the 1,794 genes of interest, 
copy number gains were observed in 289 genes, 
whereas copy number losses were observed in 
4 genes (e.g., HLA-A, NF2, RB1, and WWOX). In-
terestingly, both gain and loss of copy numbers 
were observed in the tumor suppressor and ap-
optotic gene WW Domain Containing Oxidore-
ductase (WWOX). Gain of copy numbers was 
observed in the chr16:78150001-78300000 and 
chr16:78350001-78450000 regions of WWOX, 
whereas loss of copy numbers was observed in 
the chr16:79150001-79500000 region of the gene. 
A complete list of genes affected by CNVs in pa-
tient P1 is presented in Table S7. The tumor ge-
nome of P1 demonstrated a copy number loss in 
the region of chromosome 13 (chr13:48,450,001-
48,500,000), which overlaps the last 30,000 bp of 
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Figure 2. A comprehensive visualization of CNVs detected in the tumor genomes of patients (A) P1, (B) P2, and (C) P3 is 
presented. The log2 ratios reported by Control-FREEC were plotted, with the Y-axis representing the log2 ratio of copy 
number and the X-axis denoting the genomic positions within each chromosome. Each data point corresponds to the log2 
ratio of copy number for a specific genomic window spanning 50,000 bps. Data points are color-coded for clarity: green 
indicates regions with a normal copy number, red represents regions with copy number gains, and blue signifies regions 
with copy number losses. This color scheme facilitates the identification of significant CNV events and highlights genomic 
regions with structural variations in the tumor genomes analyzed
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the known tumor suppressor gene RB1. Further-
more, a copy number loss in WWOX is likely to 
affect the regulation of cell apoptosis in response 
to stress. Regarding platinum-based drug detoxi-
fication genes (61) in P1, MPO and NQO1 exhibited 
gains of copy number. Additionally, copy number 
gains in MSH2 and PMS2 are likely to impact mis-
match repair, whereas gains in POLH and POLM 
could potentially affect DNA replication. The P1 
tumor genome also exhibited copy number gain 
of several protein-coding genes, e.g., ABCC3, 
NQO1, and SLCO1B1, which belong to the doxo-
rubicin, etoposide, and methotrexate pathways 
(62, 64, 65, 81). Additionally, gains of copy number 
were observed in other genes belonging to the 
Doxorubicin pathway, including ABCC5, ABCC9, 
ALDH3A1, GSTA1, GSTA2, MSH2, and MTHFR (65). 
In the Methotrexate pathway, the genes that 
demonstrated gains in copy number included 
BIRC5, GGH, MTHFR, MTHFS, SHMT1, SLCO1A2, 
and SLCO1B3 (64, 81).

As illustrated in Figure S1B, patient P2 exhibited  
copy number alterations in 821 regions, each 
50,000 base pairs (bp) in size, including 742 regions 
with copy number gains and 79 regions with copy 
number losses. Specifically, copy number gains 
were observed in 31 genes, while a copy number 
loss was noted in KIR2DL1. A comprehensive list 
of genes affected by CNVs in patient P2 can be 
found in Table S7. The P2 tumor genome exhibited 
gains of copy number for DNA Topoisomerase II 
Alpha (TOP2A) and Serine Hydroxymethyltrans-
ferase 1 (SHMT1). TOP2A is a recognized target 
of the chemotherapeutic agents doxorubicin and 
etoposide (62, 65). On the other hand, SHMT1 
can indirectly reduce the effectiveness of metho- 
trexate (64, 81, 82). Notably, P2 showed copy 
number gains in MPO, NQO1, and SOD1, genes 
implicated in reducing the intracellular con-
centration of platinum drugs, as documented in 
previous studies (61).  However, the log2 ratios of 
tumor-to-normal copy number for these genes 
were below 0.585, specifically, MPO (0.527), NQO1 
(0.551), and SOD1 (0.405). This reduction is attri- 
buted to the presence of normal bone marrow 
cells in the tumor tissue of P2.

As depicted in Fig. S1C, patient P3 was found 
to have copy number alterations in 11 regions, 
each spanning 50,000 base pairs (bp), which in-
cluded 9 regions with copy number gains and 2 

with copy number losses (Table S6). Interestingly, 
these alterations did not impact any genes asso-
ciated with platinum-based drug metabolism or 
DNA repair mechanisms. Additionally, several  
regions of the P3 tumor genome could have clearly 
 demonstrated CNVs, likely due to the diluting 
effect of normal bone marrow cells. In summary, 
copy number variation underlines the complexity 
and individuality of tumor genomes, as demon-
strated across different patients (Figure 2).

Structural variations in tumor genomes of the 
patients

SV is a key process responsible for oncogene-
sis. The resulting genomic rearrangements, dele-
tions, and/or amplifications can affect genomic 
regions ranging from a few kilobases to entire 
chromosomes and can subsequently lead to dele- 
terious gene dosage alterations (8, 83-90). Anal-
yses of SV have revealed unique patterns of 
genomic rearrangements in three different tumor 
genomes (Figure 3). The details of all SVs detected 
in these tumor genomes are documented in Table 
S8. SV has also been observed in a small number 
of genes with significant roles in chemotherapy.

As shown in Table 3, the patient P1 tumor genome 
harbored 17 genes affected by chemotherapy. The 
P2 tumor genome included 19 genes, whereas 
the P3 genome had only 7 genes. Notably, the P1 
tumor genome was burdened with genomic re-
arrangements of genes classified as tumor sup-
pressors, e.g., MSH2, NF2, RB1, and WWOX. SV 
also impacted genes involved in DNA repair, for 
example, ACTL6A, MSH2, SPIDR, and TRIP12. An 
intrachromosomal translocation of STAT3, a gene 
known to be involved in cell growth and apopto-
sis, was also observed.

In the patient P2 tumor genome (Table 4), 
structural alterations of genes caused by the DNA 
damage and repair mechanism were observed, in-
cluding the deletion of ASCC3, the translocation 
of CLOCK, the duplication and translocation of 
BABAM1, the translocation of BRIP1, and the de-
letion of the RAD51C gene. The latter three genes 
also play significant roles in homologous recom-
bination. Interestingly, SVs were also observed 
in genes playing vital roles in cell adhesion, e.g., 
DSCAM, FREM2, ICAM1, ITGA3, and PRKCA (91, 92).

Despite having fewer genes affected by genomic  
alterations (Table 5), the patient P3 tumor  
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Figure 3. The CIRCOS plots visualize SVs detected in the tumor genomes of patients (A) P1, (B) P2, and (C) P3. The outer 
circle (first circle) depicts the cytoband of the human reference genome (GRCh38 or hg38), including the names and 
genomic locations of genes affected by SVs located on the plus strand. The second circle displays the names and genomic 
locations of genes affected by SVs on the minus strand, complementing the information provided in the outer circle. The 
regions harboring genes with significant roles in chemotherapy response are annotated in red. SVs, namely translocations, 
deletions, and duplications, are represented by lines. The red lines represent SV events that pass the filter, whereas the 
black and gray lines represent those that did not pass the filter. SVs, including translocations, deletions, and duplications, 
are depicted with lines connecting relevant genomic regions. The red lines indicate SV events that meet the predefined 
criteria and thus pass the filter. In contrast, the black and gray lines represent SV events that do not meet these criteria

genome exhibited an interchromosomal translo-
cation of the tumor suppressor gene TP53, as well 
as translocations involving ERBB4, FN1, TIMP3, 
and KIF21A. A deletion in the PIGL gene was also 
detected in the tumor genome. These altered 
genes are associated with the biological pathway 
proteoglycan in cancer (93-96). 

Functional protein association networks analy-
sis of the affected genes

After identifying the commonly affected can-
cer genes in tumor genomes, their potential in-
volvements in cancer risk, cancer development 
and progression, and cancer treatments were 
subsequently investigated for functional protein 
association networks. There were 312 affected 
genes in the P1 tumor genome. The P2 and P3 



Chemotherapy gene alterations in osteosarcoma 

Biomedical Sciences and Clinical Medicine 2025;64(2):107-125. 		  115

Table 3. Genes with significant roles in chemotherapy and types of SV were observed in tumor genomes of P1. Only SVs 
that have met the predefined criteria and thus passed the filter were included.

Gene Description Type Interaction

ABHD2
ACTL6A
ADAMTS18
CDH13
MAP2K4
MSH2
NF2

NR4A1

PFKFB3
RB1
RBM17
SPIDR
STAT3
SULT2B1
TRIP12
WWOX

ZFHX3

Abhydrolase domain containing 2, acylglycerol lipase 
Actin like 6A 
ADAM metallopeptidase with thrombospondin type 1 motif 18 
Cadherin 13 
Mitogen-activated protein kinase kinase 4 
MutS homolog 2 
NF2, moesin-ezrin-radixin like (MERLIN) tumor suppressor 

Nuclear receptor subfamily 4 group A member 1 

6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 
RB transcriptional corepressor 1 
RNA binding motif protein 17 
Scaffold protein involved in DNA repair 
Signal transducer and activator of transcription 3 
Sulfotransferase family 2B member 1 
Thyroid hormone receptor interactor 12 
WW domain containing oxidoreductase 

Zinc finger homeobox 3

Duplication
Translocation
Translocation
Translocation
Translocation
Duplication
Deletion
Translocation
Deletion
Translocation
Duplication
Translocation
Duplication
Translocation
Translocation
Duplication
Translocation
Translocation
Translocation
Deletion
Translocation
Duplication

Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Interchromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal

Table 4. Genes with significant roles in chemotherapy and types of SV were observed in tumor genomes of P2. Only SVs 
that have met the predefined criteria and thus passed the filter were included.

Gene Description Type Interaction

ACTB
ASCC3
BABAM1

BRIP1
CACNA1A

CLOCK
COL1A1
DSCAM
ERN1

ICAM1
ITGA3
PKHD1
PRKCA

RAD51C
ROBO2
TBX4
TEAD4
TEX14
TNFSF9

Actin beta 
Activating signal cointegrator 1 complex subunit 3 
BRISC and BRCA1 A complex member 1 

BRCA1 interacting helicase 1 
Calcium voltage-gated channel subunit alpha1 A 

Clock circadian regulator 
Collagen type I alpha 1 chain 
DS cell adhesion molecule 
Endoplasmic reticulum to nucleus signaling 1 

Intercellular adhesion molecule 1 
Integrin subunit alpha 3 
PKHD1 ciliary IPT domain containing fibrocystin/polyductin 
Protein kinase C alpha 

RAD51 paralog C 
Roundabout guidance receptor 2 
T-box transcription factor 4 
TEA domain transcription factor 4 
Testis expressed 14, intercellular bridge forming factor 
TNF superfamily member 9 

Duplication
Deletion
Duplication
Translocation
Translocation
Duplication
Deletion
Translocation
Translocation
Translocation
Translocation
Translocation
Deletion
Translocation
Translocation
Deletion
Deletion
Translocation
Deletion
Translocation
Deletion
Duplication
Translocation
Duplication

Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Interchromosomal
Interchromosomal
Intrachromosomal
Interchromosomal
Intrachromosomal
Interchromosomal
Interchromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Intrachromosomal
Interchromosomal
Intrachromosomal
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Table 5. Genes with significant roles in chemotherapy and types of SV were observed in tumor genomes of P3. Only SVs 
that have met the predefined criteria and thus passed the filter were included.

Gene Description Type Interaction

FN1

KIF21A

PIGL

SMC5

TIMP3

TP53

Fibronectin 1 

Kinesin family member 21A 

Phosphatidylinositol glycan anchor biosynthesis class L 

Structural maintenance of chromosomes 5 

TIMP metallopeptidase inhibitor 3 

Tumor protein p53 

Translocation

Translocation
Translocation

Deletion

Translocation

Translocation

Translocation

Interchromosomal

Interchromosomal
Intrachromosomal

Intrachromosomal

Intrachromosomal

Interchromosomal

Interchromosomal

tumor genomes carried 51 and 7 affected genes, 
respectively. These affected genes, identified in 
the tumor genome of each patient, were then 
subjected to STRING analysis (77). The functional 
enrichment analysis of protein-protein interac-
tion networks for patient P1, P2, and P3, detailed 
in Tables 6, 7, and 8 respectively, identified com-
mon biological processes or pathways impacted 
across all patients. These include DNA damage 
and repair mechanisms, apoptosis (hsa04210), 
platinum drug resistance (hsa01524), and cancer  
pathways (hsa05200). Specifically, abnormal 
osteoclast differentiation (hsa04380) and cell 
death were linked to patient P1, while the tumor 
genome of P3 showed a correlation with prote-
oglycans in cancer (hsa05205), suggesting roles 
in cancer proliferation, cell-cell adhesion loss, 
angiogenesis, and metastasis. STRING analyses 
suggest copy number and/or SVs significantly 
influence OS pathogenesis, despite varying mu-
tation burdens.

DISCUSSION
In this study, we identified pathogenic germ-

line and somatic mutations in patients P1 and 
P3. Patient P1 exhibited a missense mutation in 
the PIK3CD gene, presented as a heterozygous 
germline mutation which evolved into a homozy-
gous somatic mutation. Additionally, P1 exclu-
sively possessed a somatic mutation at a splice 
donor site in the TP53 gene. On the other hand, 
Patient P3 was found to have a nonsense mutation 
in the MLH1 gene. This gene is a key component of 
the DNA mismatch repair mechanism, crucial for 
DNA damage tolerance. Notably, this nonsense 
mutation was observed in both the germline and 
tumor genomes of P3. Nonetheless, the OS ge-
nome of each patient showed a greater extent 

of genome rearrangements. The tumor genome 
of patient P1 was particularly notable for its ex-
tensive CNVs, which could lead to drastic genetic 
imbalances. In contrast, the tumor genomes of 
patients P2 and P3 demonstrated relatively mod-
erate levels of CNVs, suggesting varied patterns 
of genetic alterations across different individu-
als. Furthermore, SVs were detected in all three 
tumor genomes, affecting key genes involved 
in mechanisms of platinum drug resistance and 
DNA repair. Such alterations can significant-
ly influence the effectiveness of chemotherapy 
treatments and the overall prognosis of patients. 
Importantly, the mutated genes identified in this 
study were also correlated with clinical features 
of the patients, suggesting a direct link between 
specific genetic alterations and the manifestation 
of the disease.

OS is a primary cancer characterized by high 
rates of metastasis and mortality (97-99). The 
survival rates for OS patients who develop metas-
tases vary significantly, reflecting the variations 
in severity of the disease and the effectiveness of 
available treatments. According to the American 
Cancer Society, the five-year relative survival rate 
for OS with distant metastases, such as those to 
the lungs, is approximately 24% (100). OS patients 
with pulmonary metastases have a five-year sur-
vival rate of 20-40%. Patients with a countable 
number of pulmonary lesions may have survival 
rates up to 40%, whereas those with recurrent 
OS face a five-year survival rate of 28% or less 
(101, 102). These statistics highlight the dire prog-
nosis faced by patients with metastatic OS and 
underscore the critical need for ongoing research 
and improvements in therapeutic strategies. De-
spite its low incidence, this cancer can affect in-
dividuals of all age groups (98, 103). In Thailand, 
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Table 6. The result of the functional enrichment analysis of protein-protein interaction networks for osteosar-
coma patient P1. Pathways or biological processes with an FDR of less than 0.05 are reported.

Biological process (gene ontology)

GO-term Description Strength FDR

GO:0006281 
GO:0006302 
GO:0051726 
GO:0043067 
GO:0000725 
GO:0010941 
GO:0000724 
GO:0006282 
GO:0008219 
GO:0012501 
GO:0042770 
GO:0007049 
GO:0097190 
GO:0000077 
GO:0036297 
GO:0006301 
GO:2000779 
GO:0000731 
GO:2001233 
GO:0001649 
GO:0048705 
GO:0000729 
GO:0051302 
GO:0033688 
GO:2000819 
GO:0006298 
GO:0006289 

DNA repair 
Double-strand break repair 
Regulation of cell cycle 
Regulation of programmed cell death 
Recombinational repair 
Regulation of cell death 
Double-strand break repair via homologous recombination 
Regulation of DNA repair 
Cell death 
Programmed cell death 
Signal transduction in response to DNA damage 
Cell cycle 
Apoptotic signaling pathway 
DNA damage checkpoint signaling 
Interstrand cross-link repair 
Post-replication repair 
Regulation of double-strand break repair 
DNA synthesis involved in DNA repair 
Regulation of apoptotic signaling pathway 
Osteoblast differentiation 
Skeletal system morphogenesis 
DNA double-strand break processing 
Regulation of cell division 
Regulation of osteoblast proliferation 
Regulation of nucleotide-excision repair 
Mismatch repair 
Nucleotide-excision repair 

1.03 
1.1 

0.59 
0.52 
1.15 
0.49 
1.13 
0.94 
0.54 
0.55 
1.03 
0.5 
0.8 
1.06 
1.25 
1.28 
0.9 
1.21 
0.62 
0.79 
0.64 
1.22 
0.59 
0.98 
0.98 
0.95 
0.76 

6.15e-51 
9.52e-26 
4.11e-18 
1.21e-17 
2.76e-17 
1.92e-16 
1.56e-15 
7.94e-15 
2.22e-14 
2.33e-14 
3.39e-13 
5.17e-13 
1.58e-12 
4.17e-11 

2.03e-08 
7.00e-08 
7.26e-08 
2.38e-07 
1.31e-06 
2.70e-05 
0.00017 
0.00099 
0.0051 
0.0229 
0.0229 
0.0270 
0.0361 

KEGG pathways

Pathway Description Strength FDR 

hsa05200 
hsa01524 
hsa04210 
hsa04110 
hsa03430 
hsa04380 
hsa03410 

Pathway in cancer 
Platinum drug resistance 
Apoptosis 
Cell cycle 
Mismatch repair 
Osteoclast differentiation 
Base excision repair 

0.65 
1.09 
0.88 
0.86 
1.16 
0.65 
0.78 

4.87e-11 
9.20e-09 
6.61e-08 
8.94e-07 
0.00025 
0.0023 
0.0398

Table 7. The result of the functional enrichment analysis of protein-protein interaction networks for osteosar-
coma patient P2. Pathways or biological processes with an FDR of less than 0.05 are reported.

Biological process (gene ontology)

GO-term Description Strength FDR

GO:0006302 
GO:0006281 
GO:0008219 
GO:0000077 
GO:0010941 

Double-strand break repair 
DNA repair 
Cell death 
DNA damage checkpoint signaling 
Regulation of cell death 

1.31 
1.01 
0.62 
1.2 

0.48 

1.04e-06 
5.46e-06 
0.0094 
0.0191 
0.0387 

KEGG pathways

Pathway Description Strength FDR 

hsa01524 
hsa04210 
hsa05200 

Platinum drug resistance 
Apoptosis 
Pathways in cancer 

1.48 
1.11 

0.69 

0.00016 
0.0072 
0.0175
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however, the highest incidence of OS is observed 
during the first 25 years of life (98). The three OS 
patients whose genomes were investigated in this 
study aptly represent this affected demographic. 
All three developed primary OS at a young age 
(average age 15.33 years, range 11-20 years) and 
had a poor prognosis, as indicated by the average 
tumor necrotic percentage being low (64%, range 
42-85%), with a low degree of necrosis associated  
with a poor prognosis (104). Additionally, they re-
sponded poorly to chemotherapy, as evidenced 
by metastasis even after treatment. Furthermore, 
they exhibited poor survival outcomes (average 
678 days, range 357-842 days) following a combi-
nation of surgery and chemotherapy. Their clinical 
histories seem to correlate well with resistance 
to platinum-based drugs, primarily arising from 
CNVs and SVs.

This investigation identified a nonsense muta- 
tion in MLH1 gene in patient P3. The mutation 
was heterozygous in the germline genome of P3, 
but became homozygous in the tumor genome. 
This mutation may have increased the risk of OS 
or contributed to oncogenesis due to compro-
mised DNA mismatch repair (105-107) and DNA 
damage protection mechanisms (108, 109).  A homo- 
zygous splice-site donor mutation in TP53  
detected in patient P1 could have acted synergisti-
cally with earlier mutations in cancer progression 
through abnormal splicing of TP53 transcripts 
(110-113). Despite having a few deleterious SNPs, 
the patients demonstrated a significant degree 
of genomic alterations as evidenced by CNVs and 
SVs. However, the patterns of these alterations 
varied among the patients.

An important genomic alteration observed in 
the P1 tumor genome was the copy number loss of 

RB1, which is a known contributor to poor prog-
nosis in OS patients (10, 114). The tumor genome also 
carried copy number gains in several genes asso-
ciated with resistance to Doxorubicin, Etopo-
side, and Methotrexate, specifically ABCC3, MPO, 
NQO1, and SLCO1B1 (62, 64, 65, 81). In addition, 
the observed copy number gain of SOX9 has been 
associated with a lower survival rate and poor 
chemotherapy response (115). The tumor genome 
exhibited SVs in genes associated with tumor 
suppression or DNA repair, namely, RB1 (tumor  
suppressor), NF2 (tumor suppressor), WWOX  
(tumor suppressor), MSH2 (tumor suppressor and 
DNA repair), ACTL6A (DNA repair), SPIDR (DNA 
repair), and TRIP12 (DNA repair). These genes are 
also collectively classified as negative regulators 
of cellular processes (GO:0048523). 

Patient P2's history of undergoing multiple 
rounds of chemotherapy directed our investi-
gation towards potential gene mutations that 
could result in resistance to chemotherapy. Copy 
number gains in TOP2A and SHMT1 have been 
associated with reduced efficacy of Doxorubicin, 
Etoposide, and Methotrexate (62, 64, 65, 81, 82). 
Furthermore, the P2 tumor genome has demon-
strated SVs in several genes associated with DNA 
damage, DNA repair, and homologous recombi-
nation, specifically ASCC3 (DNA damage/repair), 
CLOCK (DNA damage/repair), BABAM1 (DNA 
damage/repair and homologous recombination), 
BRIP1 (DNA damage/repair and homologous re-
combination), and RAD51C (DNA damage/repair 
and homologous recombination). Notably, SVs 
in genes involved in cell adhesion (GO:0007155), 
e.g., DSCAM, FREM2, ICAM1, ITGA3, and PRKCA, 
could contribute to the cancer's aggressive be-
havior, necessitating intensive chemotherapy 

Table 8. The result of the functional enrichment analysis of protein-protein interaction networks for 
osteosarcoma patient P3. Pathways or biological processes with an FDR of less than 0.05 are reported.

Biological process (gene ontology)

GO-term Description Strength FDR

GO:0006302 Double-strand break repair 1.63 0.0229 

KEGG pathways

Pathway Description Strength FDR 

hsa01524 
hsa05205 
hsa05200 
hsa04210 

Platinum drug resistance 
Proteoglycans in cancer 
Pathways in cancer 
Apoptosis 

2.1 
1.65 
1.23 
1.52 

7.64e-06 
0.00020 
0.0023 
0.0184
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treatments. Abnormal cell adhesion mechanisms 
contribute to oncogenesis and metastasis by dis-
rupting normal cell-cell and cell-ECM interac-
tions, enhancing tumor cell motility and invasion, 
altering interactions with the tumor microenvi-
ronment, and enabling evasion of immune sur-
veillance (92, 116-119). These changes affecting 
patient P2 may have collectively facilitated the 
detachment of cancer cells from the primary tumor 
and their eventual spread to distant organs, leading 
to metastasis.

Patient P3, who had the poorest survival rate, 
exhibited interchromosomal translocations of 
the TP53, ERBB4, FN1, TIMP3, and KIF21A genes, 
along with a deletion in the PIGL gene. These 
genetic alterations are associated with the pro-
teoglycan pathway in cancer, which facilitates 
tumor cell growth and migration by enabling in-
teractions between proteoglycans in the tumor 
microenvironment and various growth factors 
and enzymes. The disruption of the proteoglycan 
pathway likely contributes to tumor progression 
and invasion (93-96), leading to the patient's un-
timely death.

Chromothripsis, marked by dozens to hundreds 
of DNA double-strand breaks in a localized chro-
mosomal region in a single event, leads to faulty 
reassembly and complex genomic rearrange-
ments (7, 8, 120). This accelerates tumor evolution 
through rapid genomic changes and mutation 
accumulation (79, 121, 122). Such alterations, espe-
cially in chemotherapy-related genes observed in  
three fetal OS patients, correlate with poor chemo- 
therapy response and abnormal cell-cell adhe-
sion. Comprehensive analysis of pathogenic SVs 
and CNVs could inform targeted cancer therapies 
to improve patient outcomes.

An estimated 30% of cancers possess known 
pathogenic SVs which are valuable for diagnosis 
and treatment (123-129). Moreover, 853,218 CNVs 
have been identified across 10,729 tumor samples 
belonging to 32 cancer types curated in The Can-
cer Genome Atlas (TCGA) database (130). Both 
SVs and CNVs disrupt genomic integrity, disturb 
gene expression, and ultimately lead to cancer 
development (80, 131). These large-scale genom-
ic alterations can conveniently be observed via 
NGS. While Illumina’s short-read sequencing 
technology has been the backbone of genomics 
because of its high accuracy and cost-effective-

ness, PacBio and Oxford Nanopore's long-read 
sequencing technologies offer superior capabilities  
in detecting SVs in the human genome (132-135). 
These advantages make long-read sequencing 
more suitable for comprehensive genomic studies 
focused on SVs, complex genomic regions, and 
complete genome assembly. However, the choice 
of sequencing technology may depend on specific  
project goals, budget, and the balance between 
the need for depth, accuracy, and read length.

This study has several limitations. First, the 
small sample size of three patients limits the 
generalizability of the findings to the broader OS 
patient population. Second, the WGS approach 
focused solely on genetic variations, without  
exploring gene expression or regulatory mecha-
nisms such as epigenetics. Furthermore, the anal-
ysis relied on gene annotations from published 
data, which may not fully capture population- 
specific variants unique to the Thai population. 
Addressing these limitations in future research 
will require larger and more diverse cohorts, the 
integration of multi-omics approaches, and pop-
ulation-specific analyses to achieve a more com-
prehensive understanding of genomic alterations 
in OS and their clinical implications.

CONCLUSIONS
This study underscores the critical role of 

genomic alterations in driving poor chemotherapy 
responses and fatal outcomes in OS. The findings  
reveal a convergence of genetic disruptions that 
collectively contribute to therapy resistance, tu-
mor progression, and metastasis, highlighting 
the need for precision oncology approaches in 
OS treatment. Key genomic alterations include 
CNVs and SVs in tumor suppressor genes (e.g., 
RB1, NF2, and MSH2), DNA repair genes (e.g., 
BRIP1, RAD51C, and TRIP12), and genes involved 
in chemotherapy resistance (e.g., TOP2A, ABCC3, 
and SOX9). Disruptions in cell adhesion pathways 
further exacerbated disease progression by ena-
bling tumor cell detachment, migration, and me-
tastasis. Additionally, genomic changes impacting 
the proteoglycan pathway facilitated tumor cell 
growth and invasion, contributing to treatment 
failure. These findings demonstrate how a combi-
nation of genomic instability, resistance mecha-
nisms, and tumor microenvironment alterations 
can undermine chemotherapy efficacy and accel-
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erate disease progression in OS. While the study 
provides valuable insights for developing targeted 
therapies and predictive biomarkers, limitations 
such as the small sample size and focus on genetic  
alterations necessitate further investigation. Future 
research should integrate multi-omics approaches, 
larger cohorts, and population-specific analyses 
to enhance understanding of OS and improve pa-
tient outcomes.
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 ABSTRACT

OBJECTIVE  This study aimed to study the characteristics of violence 
against men aged 18 and over who were physically assaulted by family 
members and issues related to forensic aspects.

METHODS  A retrospective analytic study of 225 male patients aged 18 or  
over who had been physically abused by family members and had received 
treatment or were autopsied at the forensic department of Nakornping 
Hospital during the six-year period from June 2018 through May 2024.

RESULTS Of the 225 individuals included in the study, 218 had been in-
jured and 7 had died of their injuries. The highest incidence occurred in 
the 30-39 age group. The plurality of perpetrators of physical violence, 
a total of 65 individuals, was intimate partners, (28.89%).  Weapons or 
other objects were used in 164 cases (72.89%), with knives being the most 
common, used in 92 cases (40.89%). The most frequently damaged parts 
of the body were the head, face, and arms, affected in 147 cases (65.33%). 
Most victims sustained injuries to multiple parts of the body. A total of 180 
injured individuals (80.00%) were hospitalized. Only 65 victims (28.89%) 
reported the incidents to the police. Most of the victims of violence by 
relatives were either age 30-39 or over 60. The majority of the perpetra-
tors were men, and the violence typically resulted in injuries to the upper 
part of the body. 

CONCLUSIONS Male victims of family physical violence account for 
one-third of all domestic assaults. Individuals in their 30s are the most 
often abused. Injuries tended to be quite severe, often requiring hospi-
talization. This violence strains the healthcare system, the justice process 
budget and results in a loss of labor in the economy. Appropriate guide-
lines for assisting patients who are victims of domestic violence should 
ensure that treatment is provided without discrimination and with equality 
of human rights for both men and women.  

 KEYWORDS  family violence, domestic violence, male abuse, physical  
 violence
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INTRODUCTION
According to reports from the Centers for 

Disease Control and Prevention of the United 
States, during their lifetime 41% of women and 
26% of men have been victims of domestic vio-
lence (1) Domestic violence can take many forms, 

including physical abuse, sexual abuse, verbal 
abuse, emotional abuse, neglect of children or the 
elderly, stalking, or even financial coercion (2-4).  
However, most cases involve physical abuse (5-7).  
The consequences of being subjected to domes-
tic violence can range from physical injuries, 
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post-traumatic stress disorder, low self-esteem, 
sexually transmitted infections. Additionally, 
children who witness parental violence are more 
likely to become perpetrators themselves when 
they grow up. The worst situations may lead to 
suicide or death (8-10). Generally, people think 
that victims of violence are primarily women and 
children. However, in reality, men can also be 
victims of domestic violence. Studies have found 
that violence against men is as prevalent as vio-
lence against women (11-14). Other studies have 
reported more male victims of domestic violence 
than females (15). Male victims of domestic vio-
lence often keep it a secret and do not seek help 
from hospitals, government agencies, or even the 
police (3). In general, previous studies of domes-
tic violence have mostly focused on women rath-
er than men. Due to the patriarchal nature of Thai 
society, the general public may think that Thai 
family members rarely harm men. Studies of male 
victims of domestic violence in Thailand are still 
scarce (9). In today’s society, however, people are 
becoming more aware of gender equality (8, 16). 
The one-stop crisis center (OSCC) of Nakornping 
Hospital, which initially assisted only children 
and women, has since June 2018 included family 
violence in its policy in response to an increase in 
the number of men being abused by family mem-
bers. Most of the violence reported at OSCC was 
physical abuse, for which there was obvious evi-
dence. This study was conducted based on this 
principle and reasoning and aimed to study the 
characteristics of violence against men aged 18 
and older who were physically assaulted by family 
members as well as issues related to forensic as-
pects of violence in those who received hospital 
treatment or who were examined by the forensic 
department of Nakornping Hospital over the of 
6-year period from June 2018 through May 2024.

According to the Domestic Violence Vic-
tim Protection Act. B.E.2550 (2007 A.D.) Section 
3, family violence refers to “any act intended to 
cause harm to the body, mind, or health, or an 
act done with the intention that it is likely to 
cause harm to the body, mind, or health of family 
members, or to compel or use undue influence 
to make family members act, refrain from acting, 
or accept any action improperly, but does not in-
clude negligent acts”. 

Family members refers to “spouses, former 
spouses, individuals who live or have lived to-
gether as husband and wife without being legally 
married, children, adopted children, family mem-
bers, and any individuals who depend on and live 
in the same household”.        

METHODS
Study design

Retrospective analytic study  

Population and Sample
Data was collected from a total of 225 male 

patients aged 18 and over who had been physi-
cally abused by family members and who had  
received treatment or been autopsied at the 
Forensic Medicine Department of Nakornping 
Hospital over a period of 6 years, from June 2018 
through May 2024 (Figure 1).

Data collection
Data was collected from Out-patient Depart- 

ment records, forensic report forms, OSCC records, 
autopsy reports, and other medical reports, se-
lecting all male cases who had been physically 
assaulted by family members, whether they had 
been examined at the clinical forensic medicine 
clinic or were deceased and underwent autopsy 
in the forensic department.

This study collected data in five areas 1) infor-
mation on the victims and the perpetrators, 2) 
information on the physical assault, 3) the type 
of injury, 4) medical treatment, and 5) legal pro-
ceedings.

Data analysis
The characteristics of the sample group are 

described using descriptive statistics including  
numbers, percentages, means, and standard  
deviations. Data was analyzed using SPSS for  
descriptive statistics and group relationships 
were determined using the Chi-Square test or 
Fisher’s exact test, with the statistical significance 
level set at 0.05. 

Ethical statement
This study was approved for human research 

by Nakornping Hospital on June 27, 2024 (ethics 
approval number NKP No.106/67).  
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RESULTS
This study was conducted at the Forensic 

Medicine Department of Nakornping Hospital, 
which provides physical examinations for legal case 
patients and performs autopsies on individuals 
who die an unnatural death. Data was collected 
from June 1, 2018 through May 31, 2024. There was 
a total of 1,759 patients over the age of 18 who had 
been physically assaulted, comprising 1,203 males 
(68.39%) and 556 females (31.61%).  Among those, 
625 individuals had been physically assaulted by 
family members, accounting for 35.53% of all 
assaulted patients. Among the autopsies of indi- 
viduals over the age of 18 who had died from 
physical assaults, there were 83 cases over the 
six-year data collection period, consisting of 73 
males (87.95%) and 10 females (12.05%). There 
were 14 cases of individuals murdered by family 
members, accounting for 16.87% of all assault- 
related deaths. In this study, there were a total of 
225 males aged 18 and over who were physically 
assaulted by family members and who underwent 
medical treatment or autopsy at the forensic  
medicine department at Nakornping Hospital  
between June 2018 and May 2024 (Figure 2).

Victim and perpetrator characteristics
The average age of the 225 men aged 18 and 

over who were physically abused by family mem-
bers was 44.07 ± 14.97 years. The youngest was 18 
years old, punched by his father and the oldest 
was 84 years old. There were two cases involving 
a son pushing his father and a grandson slapping 
his grandfather. The age group most frequently 
abused by family members was 30-39 years, with 
61 cases (27.11%). Most of the perpetrators were 
male, totaling 135 (60.00%).  In cases involving 
intimate partners, most of the perpetrators were 
female 63 cases or 96.92%, with only two cases 
involving same-sex couples. Most perpetrators 
acted alone (215 cases or 95.50%), while eight  
involved more than one perpetrator, half of whom 
were family members and half outsiders (Table 1).  
The perpetrators included intimate partners in 
65 cases (28.89%), other relatives in 159 cases 
(70.67%) and one case involving an action by a 
wife with a son (Figure 3).

Mechanism of injuries from family physical vio-
lence

This study found that male victims of domestic 
violence are often harmed by either weapons or 
household items, with 164 cases (72.89%) involving 
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Figure 2. The total number of patients who were physically assaulted [*and or?]
murdered over a period of 6 years, from June 2018 [*to through?] May 2024 

 

Figure 3. The number of men who were physically assaulted by family members 
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Figure 2. The total number of patients who were physically assaulted or murdered over a period of 6 years, from June 2018 
through May 2024

Table 1. Information about male victims and family vio-
lence perpetrators

n=225 
(100%)

Victims

Perpetrators

Age, n (%) 
18-29 years
30-39 years
40-49 years
50-59 years
≥60 years

Gender, n (%)
Male
Female
Both male & female
N/A

Number of perpetrator (s),  
n (%)

1
>1
N/A

Relationship, n (%) 
IPV
Non-IPV
IPV & non-IPV

42 (18.67)
61 (27.11)
44 (19.56)
35 (15.55)
43 (19.11)

135 (60.00)
74 (32.89)

4 (1.78)
12 (5.33)

215 (95.56)
8 (3.55)
2 (0.89)

65 (28.89)
159 (70.67)

1 (0.44)

N/A, not available; IPV, intimate partner violence; non-
IPV, non-intimate partner violence

weapons and 58 cases (25.78%) involving bodily  
harm without weapons.  Weapons were used 
seven times as often as household items, with 
140 cases (85.37%) involving weapons and only 20 

cases (12.20%) involving household items (Table 
2). There were one case involving the use of gaso-
line to set the male victim on fire and one case of 
running over the victim with a car. Most physical 
violence involved punching, hitting, slapping, and 
kicking. The study found that injuries from sharp 
objects were the most common at 46.66%, and 
almost all victims had visible wounds and other 
injuries, with only 2 cases showing no visible in-
juries (Table 3).

In cases where females were the perpetrators, 
the use of weapons or other equipment was found 
in 59 cases (79.73%), with 58 individuals (78.38%) 
admitted to the hospital but only 17 individuals 
(22.97%) reported the incident to the police. In 
cases where males were the perpetrators, the 
use of weapons or other equipment was found in 
relatively fewer cases, specifically 94 individuals 
(69.63%), with 112 individuals (82.96%) admitted 
to the hospital, but a larger proportion (44 indi-
viduals or 32.59%) reporting to the police. 

Autopsy of victims of family physical violence
The physical violence against males by family 

members in this study involved 218 injured indi- 
viduals (96.89%) of whom 7 men (3.11%) died.  
Details of the deceased are shown in Table 4.
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Table 2. Weapons and household items used by family 
members to physically assault men 

Weapons Cases Household items Cases

Knife
Wood
Gun
Scissor
Hammer
Axe
Metal rod
Hoe
Brass knuckle
Sickle

92
16
11
6
5
5
5
3
2
1

Bottle
Bamboo
Stone
Bicycle pump
Fan
Fork
Tray
Guitar
Mortar

9
4
3
1
1
1
1
1
1

Table 3. Mechanisms of physical violence of male victims 
by family members

Cases, n (%)

Instrument
Weapon
Household item
Weapons & household item
Others

Physical violence alleged 
Barehanded 
(punches, kicks, slapping)
Shoving
Strangling
Grabbing
Scratching
Biting
Throwing objects

Injuries caused by 
Sharp object
Blunt object
Gunshot injury
Gunshot & sharp object
Burn

164 (72.89)
140 (62.22)
20 (8.89)
2 (0.89)
2 (0.89)

58 (25.78)
56 (24.89)

9 (4.00)
7 (3.11)
6 (2.67)
6 (2.67)
4 (1.78)
3 (1.33)

167 (74.22)
104 (46.22)
50 (22.22)
10 (4.46)
1 (0.44)
1 (0.44)

Forensic examination of the injuries of family 
physical violence

Most of the injuries were found in the upper 
body, including the head and face, neck, chest, 
and arms, a total of 111 cases (49.33%). Injuries 
in the lower body alone, including the abdomen, 
back, genitals and anus, and legs, were found in 
only 20 cases. There were 94 cases of injuries in 
both the upper and lower body. The most fre-
quently injured areas were the head/face and 
the arms, with 147 cases (65.33%). The least fre-
quently injured areas were the genitals and anus, 
with only 3 cases. Most patients had injuries in 
more than one area, a total of 150 cases (66.67%), 
with the most extensive injuries involving six 
areas in one case where a female partner used 
a bottle to inflict harm. Among the injured who 

received treatment at the hospital, most had to 
be admitted for treatment, a total of 180 cases 
(80.00%). The most common diagnosis for male 
victims of family physical violence was soft tissue  
injury. Details of the diagnoses are shown in Ta-
ble 5. There were differences in injuries from 
bodily force, blunt objects, and sharp object trauma 
as shown in Table 6. In terms of treatment, the 
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Table 4. Autopsy findings of male victims who died from physical violence by a family member

Autopsy Age Relation Weapon Findings

1
2
3

4
5
6

7

44
49
50

60
32
56

64

Father
Mother

Wife

Sibling
Sibling
Sibling

Daughter-
in-law

Hammer
Knife
Gun

Gun
Knife
Axe

Gun

Basal subarachnoid hemorrhage, fracture maxilla & mandible
Hemoperitoneum, left carotid artery, lung & diaphragm tear
Hemothorax, hemoperitoneum, aorta, heart, both lungs, liver & right 
diaphragm tear
Hemothorax, heart, right lung & liver tear, multiple left ribs fracture
Hemothorax, left lung tear, fracture left 5th rib
Diastatic fracture, bilateral frontal subarachnoid hemorrhage, multiple 
ribs fracture, right kidney tear
Hemoperitoneum, aorta, right kidney & small intestine tear

Table 5. Diagnoses of male victims of family physical violence 

Diagnosis Cases Diagnosis Cases

Soft tissue injury
Abrasion
Contusion
Cut
Laceration
Stab
Fingernail
Bite
Burn

Head & face injury
Intracranial hemorrhage 
Skull fracture 
Fracture orbit
Fracture nasal
Fracture zygoma
Fracture mandible
Fracture maxilla
Fracture facial sinus

79
47
39
26
19
8
4
3
1

77
40
29
16
15
11
9
3
3

Bone fracture & tendon injury
Tendon, vessel, and nerve injuries
Carpal bone
Ulnar
Radius
Humerus 
Scapular 
Elbow 
Shoulder 
Spine
Pelvis
Femur
Foot

Abdominal injury
Thoracic injury
Blindness
Paralysis

51
23
13
9
4
4
3
2
2
1
1
1
1

21
21
1
1

Table 6. Comparison between injuries from bodily force, blunt object, and sharp object 
trauma 

Bodily force Blunt object trauma Sharp object trauma

Location
Injured area
Diagnosis
Treatment
Admission rate

Upper body
Head & face

Soft tissue injury
Medication

65.52%

Upper body
Head & face

Head & face injury
Medication

80.00%

Throughout body
Arm

Bone & tendon injury
Debridement & suture

88.46%

most common was debridement and suturing 
the wound, with 88 cases (39.11%), most of whom 
were admitted for 1-3 days; no cases were admit-
ted for more than 1 month. 

Most victims did not report the violence to 
the police: 160 people (71.11%). Only 65 people 
(28.89%) reported the incident, with the majority 
of those reporting being relatives of the victim 
(50 cases). In only 15 cases were the people in-

volved classified as intimate partners. 

Differences among characteristics in cases  
involving intimate partner violence (IPV) and non-  
intimate partner violence (non-IPV) offenders 
and the results of statistical group comparison

When comparing the group of males who were 
abused by their partners with the ones who were 
abused by relatives, a significant factor difference 
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is age. Abused individuals in both groups were 
mostly in the age range of 30-39 years, but in 
cases of abuse by relatives, it was more common 
to find individuals over 60 years old as well. The 
perpetrators in the intimate partner group were 
mostly female, while in the relative group they 
were usually male. The injury locations in the for-
mer group often included both upper and lower 
parts of the body, while in the latter group, most 
were only in the upper body (Table 7).

DISCUSSION
This study found the male family physical vi-

olence rate to be 35.21%. Violence often comes 
from intimate partners rather than other rela-
tives. Among relatives, siblings were found to be 
the most violent towards each other, possibly due 
to their proximity, which makes conflicts more 
likely. The rate of IPV was 15.55%. Two stud-
ies in France found IPV rates of 11.39% (6) and 
11.00% (17), while a study in Portugal found a rate 
of 11.51% (18). In Australia, the rate involving an 
intimate partner was similar at 12.00% (19). This 
contrasts with studies in Arab countries, where 
the deeply rooted patriarchal culture showed 
much lower rates of male IPV. In Turkey, the rate 
was 1.30% (20), and 1.40% in Jordan (21). Most of 
the physical violence against men in the current 
study involved heterosexual partners, with only 
3.08% involving same-sex partners. Despite in-
creasing openness about homosexuality, some 
still consider it shameful, do not want their fam-
ilies to know, fear social stigma, or worry about 
bias and discrimination from law enforcement. 
This has led to even less disclosure of violence 
between same-sex partners. Studies of violence 
between same-sex partners are still rare, but one 
study in the U.S., a country with sexual freedom, 
found a rate of 13.80% (3). A study in Germany 
found a similar rate of 8.40% (22).

The age group where male physical abuse oc-
curred most frequently was 30-39 years, which 
aligns with most studies (6, 8, 23). This may be due 
to high stress levels related to work and finances,  
potentially affecting family relationships. As for 
abuse by relatives, it is most commonly found in 
two age groups: 30-39 and over 60 years. In the 
over-60 age group, the abuse is often perpetrated  
by children, with issues of alcohol or drug addic-
tion.

As to the issue of reporting to the police, our 
study found that 28.89% of cases involved report-
ing family members, while only 23.08% involved 
reporting intimate partners. A study in Germany 
found reporting rates as high as 78.40% (22), and 
France the rate was 58.40% (6). However, a study 
in Australia found a lower reporting rate of 8.10% 
(19). Most male victims of physical abuse tend to 
confide in friends, relatives, neighbors, or even 
strangers on social media rather than consult-
ing a doctor, who received the lowest number of 
consultations (3). When it comes to reporting to 
the police, victims stated that the police provided 
the least amount of help due to various factors, 
particularly the patriarchal nature of Thai society. 
Male victims feared being blamed for weakness, 
for not being trustworthy, being ridiculed by so-
ciety, being falsely accused of being the aggressor, 
losing custody of their children, or because their 
injuries were minor and they hoped their partner 
would change their attitude and they could reu-
nite as a family (3, 4, 8, 24).

In IPV, injuries are often found throughout the 
body, both upper and lower parts. This may be 
due to the incidents occurring in private homes 
where there are no witnesses to assist. During a 
scuffle, injuries can occur to all parts of the body 
in a non-specific manner. The most commonly 
injured areas are the arms (69.23%), followed by 
the head and face (41.54%). Similarly, in studies 
in France and Germany (18, 22), the upper limbs 
were the most frequently injured areas. In two 
other studies conducted in France (6, 25), the 
head and neck were the most commonly injured 
areas (71.70% and 61.00%, respectively). Arm inju-
ries are rampant due to defensive actions, while 
the head and face are easily accessible areas for 
harm. In cases of violence by other relatives, inju-
ries are often found only in the upper body rather 
than the entire body.

Most studies have found that men are more 
often subjected to violence in the form of blunt 
force rather than sharp force. For example, a 
study in France found the incidence of blunt force 
to be 79.00% and of sharp force to be 12.00% (22). 
Another study in Bulgaria similarly found the for-
mer more than the latter (97.20% vs. 2.80%) (23). 
Two other studies from France found that blunt 
objects were used more than sharp objects, with 
15.00% versus 11.10% (6) and 16.60% versus 2.30% 
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Table 7. Differences in characteristics among cases involving intimate partner violence and other relative 
offenders and results of statistical group comparison 

IPV=65
(100%)

Non-IPV=159
(100%)

Total=224
(100%)

p-value

Age, n (%)
18-29 years
30-39 years
40-49 years
50-59 years
≥60 years

Sex, n (%)
Male
Female
Male & Female
N/A

Number of perpetrator(s), n (%)
1
>1
N/A

Instrument, n (%)
Weapon
Household item
Weapon & household item 
No
Others
N/A

Injuries caused by, n (%)
Sharp object
Blunt object
Body
Gunshot injury
Gunshot & sharp object
Burn
N/A

14 (21.54)
24 (36.92)
14 (21.54)
7 (10.77)
6 (9.23)

2 (3.08)
61 (93.84)
2 (3.08)
0 (0.00)

63 (96.92)
2 (3.08)
0 (0.00)

42 (64.61)
6 (9.23)
2 (3.08)

13 (20.00)
1 (1.54)
1 (1.54)

38 (58.46)
12 (18.46)
13 (20.00)

1 (1.54)
0 (0.00)
0 (0.00)
1 (1.54)

28 (17.61)
37 (23.27)
29 (18.24)
28 (17.61)
37 (23.27)

133 (83.65)
13 (8.17)
1 (0.63)
12 (7.55)

152 (95.60)
6 (3.77)
1 (0.63)

98 (61.63)
14 (8.81)
0 (0.00)

45 (28.30)
1 (0.63)
1 (0.63)

66 (41.51)
38 (23.90)
44 (27.67)
9 (5.66)
1 (0.63)
1 (0.63)
0 (0.00)

42 (18.75)
61 (27.23)
43 (19.20)
35 (15.62)
43 (19.20)

135 (60.27)
74 (33.03)

3 (1.34)
12 (5.36)

215 (95.98)
8 (3.57)
1 (0.45)

140 (62.50)
20 (8.93)
2 (0.89)

58 (25.90)
2 (0.89)
2 (0.89)

104 (46.43)
50 (22.32)
57 (25.45)
10 (4.45)
1 (0.45)
1 (0.45)
1 (0.45)

0.042a*

0.000b*

1.000b

0.165b

0.128b

Severity, n (%)
Injury
Death

Location, n (%)
Upper body
Lower body
Upper & Lower

Admit, n (%)
IPD
OPD
Death

Length of stay, n (%)
1-3 day(s)
4-10 days
10 days – 1 month
Refer
OPD
Death

Police, n (%)
Yes
No

64 (98.46)
1 (1.54)

24 (36.92)
10 (15.39)
31 (47.69)

49 (75.38)
15 (23.08)

1 (1.54)

28 (43.08)
17 (26.15)
2 (3.08)
2 (3.08)

15 (23.07)
1 (1.54)

15 (23.08)
50 (76.92)

153 (96.23)
6 (3.77)

87 (54.72)
10 (6.29)

62 (38.99)

131 (82.39)
22 (13.84)
6 (3.77)

58 (36.48)
56 (35.22)
9 (5.66)
8 (5.03)

22 (13.84)
6 (3.77)

50 (31.45)
109 (68.55)

217 (96.88)
7 (3.12)

111 (49.55)
20 (8.93)
93 (41.52)

180 (80.36)
37 (16.52)

7 (3.12)

86 (38.39)
73 (32.59)
11 (4.91)
10 (4.46)
37 (16.52)

7 (3.13)

65 (29.02)
159 (70.98)

0.676b

0.018a*

0.182a

0.378b

0.210a

aChi square test, bFisher’s exact test, *Statistically significant (p < 0.05)

N/A, not available; IPD, In-patient Department; IPV, intimate partner violence; non-IPV, non-intimate 
partner violence; OPD, Out-patient Department
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(18). In contrast, our study frequently found male 
family physical violence using sharp objects. In 
cases of IPV, sharp objects were used in 58.46% 
of the cases, followed by the use of the body as a 
weapon in 20.00%. The use of blunt objects was 
the least frequent, at 18.46%. Similarly, another 
study in France found that sharp objects were 
used more frequently than blunt objects, with 
sharp objects at 12.60% and blunt objects at only 
5.20% (25). Another point that our study found to 
be different from previous studies is that in our 
study weapons were often used, accounting for 
63.11% of cases. In cases involving intimate part-
ners, weapons were used 67.69% of the time, with 
knives being the most common weapon. This 
study found that knives were used in 53.85% of 
intimate partner cases. This may be due to the 
context of Thai society, where the belief that men 
are the dominant figures persists even today. If 
there is no extreme fear or anger, women rarely  
physically harm men. When they do choose to 
act, they often need weapons or tools to defend 
themselves because men have greater physi-
cal strength, and women still primarily handle 
household chores. Knives are commonly found in 
every household, making them a familiar weapon 
that can be easily thought of and grabbed in ur-
gent situations. However, in most studies, male 
victims were more often harmed through direct 
physical force (6, 17, 18, 22, 25) In most cases, no 
weapons or other tools were involved. But in cases  
where tools were used, they were often used with 
male victims more than female victims, and they 
were usually household objects (6, 26). A study in 
France found that women used objects to phys-
ically harm men more than men did to harm 
women (33.00% vs. 19.00%) (17). Another study 
in Germany found that 55.70% of men physically  
harmed by their partners had no weapons or 
tools, and if they did, they were usually objects 
rather than weapons (65.80%). The most com-
monly used weapon was a knife (22).

When considering the severity of injuries in 
our study, it was found that serious injuries were 
more common in IPV, at 52.31%, while minor inju-
ries, which include skin abrasions, were at 47.69%. 
From past studies comparing men and women in 
a family who had been physically abused, it was 
found that men often sustained more severe inju-
ries than women (16, 25). This is because women 

often use weapons or tools in the abuse, resulting 
in more severe trauma compared to cases where 
men are the perpetrators. Similarly, a study in 
Turkey found that male victims often experi-
enced major trauma more frequently than female 
victims, with a mortality rate of 56.30% versus 
12.30% for women (20). However, reports of sev-
eral studies differ, indicating that the severity of 
injuries in men is often minor, e.g., skin abrasions, 
bruises, and hematomas (6, 8, 18). For example, a 
study from France found that while injuries in 
men were more frequent, they were not as severe 
as those found in women, with severe injuries like 
fractures occurring in only 5.00% of cases (17). 
Another study in France also found that superfi-
cial skin injuries were more common in men, with 
only 2.40% of male victims sustaining fractures 
(25). Regarding mortality rates, our study found 
that more men than women died from family vio-
lence, with rates of 3.11% and 1.69%, respectively.

When domestic violence occurs, seeking 
medical help is often a rare occurrence. A study 
in Portugal found that only 8.10% sought medi-
cal assistance (18). In the United States, agencies 
that assist men who have experienced violence 
found that men most frequently used counseling 
services, followed by the police, with medical 
services being third. This study found that one in 
three men reported having had negative experi-
ences with medical services after being assaulted 
(3). In an Australian study, only 26.10% of male 
victims sought health services (19), while another  
American study found that only 18.10% of male 
victims visited a doctor (27). Research has shown 
that medical personnel often lack knowledge and 
awareness of male violence (28), and some places 
lack counselors for men who have experienced 
domestic violence. In this study, the proportion 
of men who were physically abused by their part-
ners and required hospitalization was found to be 
quite high, up to 75.38%, because they are often 
attacked with sharp weapons violently, although 
most usually recover in the hospital in no more 
than 3 days, which is different from 3 studies in 
France that found only 7.00% (17), 3.10% (6) and 
2.10% (25) of patients needed hospitalization and 
that most treatment involved medication and 
observation, while surgery was required in only 
7.50% of cases. In contrast, our study found that 
20.00% of male patients required surgery.
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Limitations
Firstly, as this is a retrospective study, there 

are limitations regarding the completeness and 
accuracy of the data. Some patient information 
may have been missing or inadequately recorded,  
such as the perpetrator’s gender, the number 
of perpetrators, the familial relationship, or the 
weapons used, which could affect the data analysis. 
Another limitation is that patients may have re-
ported false or incorrect accusations of abuse to 
the hospital. Additionally, this study only collected  
data from patients receiving treatment at Nakorn- 
ping Hospital in Chiang Mai Province, which may 
have different social characteristics and values 
than the general population. Therefore, this sam-
ple cannot be considered representative of the 
general population of Thailand. Future studies 
should involve a larger population, potentially 
at the provincial, regional, or national level, and 
should further investigate the causes of physical 
abuse, repeated victimization, and the psychologi- 
cal state of the victims. It should also include  
assessments of the perpetrators and family mem-
bers affected in order to better understand the 
social context surrounding men who are abused 
by family members, and to prevent and reduce 
the number of people experiencing family physical  
violence in the future. Healthcare professionals  
should implement policies that promote under-
standing of male victims of domestic violence, 
without gender bias. Legal enforcement should 
emphasize that abuse victims, regardless of gender, 
should not be ignored. There should be a shift 
away from patriarchal values that enforce the 
idea that men must be family leaders, as some-
times men can also be victims of domestic abuse 
just like women.	

CONCLUSIONS
Since the OSCC began collecting data, a period 

of 6 years, it has been found that male victims of 
family physical violence account for one-third of 
all physical domestic violence. In reality, the num-
ber is likely higher, as those who do not visit doc-
tors if not severely injured or who are unwilling to 
inform the police, often keep the abuse a secret. 
Among men who are abused by family members, 
only about 1 in 4 report it to the police. The age 
group most often abused is the 30s, the working 
age, leading to both a loss of labor and income. 

The most frequent perpetrators are female part-
ners, which can make children witnesses and can 
lead to a chain reaction of ongoing impacts. This 
study found that physical abuse of males tends to 
be quite severe, often involving sharp weapons, 
resulting in injuries that require hospitalization, 
surgery, casts, or sutures. This strains the health-
care budget and leads to a loss of labor in the 
economy. Additionally, expenditures for the jus-
tice process are affected. Collaboration between 
forensic examinations and the OSCC can provide 
more assistance to male victims of violence, in-
cluding screening for those in need of help, pre-
venting repeated violence, treating injuries, and 
rehabilitating both physically and mentally, as 
well as providing legal assistance. This compre-
hensive approach to preventing family violence 
should be non-discriminatory, ensuring equality 
in human rights for both men and women. 
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 ABSTRACT

OBJECTIVE  Helical tomotherapy can deliver a radiation dose using 
modulated intensity. This delivery technique requires inverse treatment 
planning for dose distribution. The specific parameters include the resolu-
tion of optimization and dose calculation. The highest resolution provided 
a high plan quality in a previous study, but that plan would increase the 
calculation time. This study investigated the quality of plans using various  
resolutions of optimization and dose calculation in VOLOTM Ultra. The 
exploration aimed to determine the optimal resolution to inform the 
treatment planning process in nasopharyngeal carcinoma (NPC).

METHODS  Forty-one cases of NPC who had been previously treated 
using helical therapy were randomly recruited between January 2022 and 
December 2023. Nine treatment planning scenarios were created using 
the VOLOTM Ultra planning system using a combination of optimization 
and calculated resolution. Three different levels of resolutions were chosen:  
high (H), medium (M) and low (L). The different resolution combinations 
were expressed as, e.g., H/H for high resolution optimization and dose 
calculation. The dosimetric parameters of the planning target volumes 
(PTVs), organs at risk (OARs), and plan quality index, such as dose coverage 
(D98%, Dose at 98% target volume), conformity index (CI) and homogeneity 
index (HI), were evaluated.

RESULTS The PTVs revealed an increasing dose value when the dose 
calculation resolution was increased. In contrast, the study found an in-
creasing dose value when the resolution was decreased. A similar trend 
was also found in the conformity index value in the optimization process. 
The OARs demonstrated similar dose levels, with the exception of the spinal 
cord and both parotid glands. 

CONCLUSIONS This study illustrates that the resolution of M/H and 
M/M scenarios is a specific choice of interest. These scenarios provide 
higher dose coverage, have a mild impact on OAR dose, a moderate impact 
on conformity and a shorter treatment planning time.  

 KEYWORDS  tomotherapy, dose optimization, dose calculation, naso- 
 pharyngeal carcinoma, resolution
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INTRODUCTION
Radiotherapy in the head and neck region (H&N) 

presents a significant challenge for treatment 
planning. The complexity of treatment planning 
is heightened by the proximity of critical organs 
such as the brainstem, parotids, and spinal cord to  
target area. For those reasons, intensity modu-
lated radiotherapy (IMRT) plays a crucial role (1) 
in sparing normal organs (2) while delivering the 
prescribed dose to the target. Inverse planning (3) 
is necessary for this treatment technique, which 
requires dose constraints, photon fluence optimi- 
zation and dose calculation. Tomotherapy is a 
treatment modality that provides intensity modu-
lation using both a static gantry IMRT and a ro-
tating gantry (Intensity Modulated Arc Therapy, 
IMAT). By utilizing a Binary Multi-Leaf Collimator 
(BiMLC) and overlapping helical fan beam rota-
tion (helical tomotherapy, HT), this treatment  
offers beneficial beam modulation diversity (4). 

When employing HT, the treatment planning 
system (TPS) requires specific parameters con-
sisting of a field width (FW), a pitch factor (PF), 
and a modulation factor (MF) (5).  FW is the width 
of the radiation fan beam which can be selected 
based on the length of the target. PF can be deter-
mined by couch travel/FW. This parameter can 
be specified by the irregular shape of the target. 
In MF, this parameter is calculated by the ratio 
of the maximum leaf open time and the average 
leaf open time. The value of MF depends on the 
shape and location of the target. These parame-
ters can improve the plan quality, particularly in 
the case of cancers in the H&N region. Treatment 
planning can be performed using two platforms 
in this TPS: the Classic treatment planning plat-
form and the VOLOTM Ultra platform. The VOLOTM  
Ultra uses fewer specific parameters than the 
classic platform to create a treatment plan, e.g., 
there is no PF or MF requirement. Using the 
VOLOTM Ultra platform is convenient and user 
friendly, especially for nasopharyngeal carcinoma 
(NPC) treatment planning.  However, there are 
other parameters that are required in both plat-
forms, including the grid spacing or resolution of 
dose optimization and the dose calculation for 
each plan, both of which might impact plan quality.  
Although previous publications (5-10) have reported  
on the impact of resolution in dose optimization  
and dose calculation, this impact has not yet been 

demonstrated in tomotherapy, particularly VOLOTM 
Ultra treatment planning. The resolution in tomo- 
therapy TPS can be selected from four different  
levels; however, the selection is also dependent  
on the size of the field of view (FOV). The resolu-
tion of HT is classified not only by an image pixel 
number, e.g., very low (64×64 pixels), low (128×128 
pixels), medium (256×256 pixels) and high (512×512 
pixels), but is also determined by the FOV/image  
pixel number, e.g. 500/512 or 600/512. For a high 
quality treatment plan, it is necessary to deter-
mine appropriate values for treatment parame-
ters (11) and to use the highest resolution of the 
optimization and dose calculation. Although the 
central processing unit (CPU) technology has 
been highly developed, choosing the highest 
resolution may increase the computational time 
(5-7, 12).

By various the resolution in the optimization 
and dose calculation, this study aimed to inves-
tigate the impact of different resolution levels on 
plan quality and to determine the optimal resolu-
tion selection, including the optimal FOV for NPC. 
While there are four resolution levels available, 
this study focused on three levels: low, medium 
and high resolution, for both fluence optimiza-
tion and dose calculation.

METHODS
Ethical clearance

This retrospective study recruited 41 NPC pa-
tients who had been treated between January 
2022 and December 2023 and included 31 males 
and 10 females. The research proposal was ap-
proved by the Research Ethics Committee of the 
Faculty of Medicine at Chiang Mai University 
(Study code: RAD-2566-0556) in November 2023.

Patient selection and data preparation
The helical tomotherapy treatment plans for 

the 41 NPC patients were randomly selected during 
the period January 2022 through December 2023. 
All the treatment plans had been performed on 
computed tomography (CT) image sets acquired 
by a CT simulator (SOMATOM definition AS, Siemens  
Healthineers, Inc., Erlangen, Germany).  Although 
the slice thickness of the image set was set at 3 
mm, the size of FOV was harmonized with the body 
of the patients. In this study, the image planning 
acquisition had 3 sizes of FOV, specifically, 500 
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mm, 550 mm and 650 mm. The S-type thermo-
plastic mask (Klarity WhiteTM, Klarity®, Guang-
zhou, China) was used for the immobilization of all  
the selected cases. 

All recruited treatment plans consisted of three 
planning target volumes (PTVs) at dose levels of 
70.0 Gy, 59.4 Gy and 54.0 Gy. These zones were 
expanded by 5 mm from the clinical target volume 
(CTV). In cases of skin involvement with the CTV, 
the PTVs were cropped by 3 mm from the surface. 
The simultaneous integrated boost (SIB) tech-
nique was employed on all PTVs across 33 frac-
tions. Other structures and organs at risk (OARs), 
considered in the radiation dose plan included 
the brainstem, spinal cord, parotid glands, optic 
chiasm, optic nerves and globes.

Treatment planning scenarios
All treatment plans were replanned using the 

TPS of Tomotherapy (Precision® version 3.3.0.1, 
Accuray Inc., Sunnyvale, California, USA). Al-
though the previous plans had been performed, 
they were re-optimized and re-dose calculated 
utilizing the VOLOTM Ultra (Precision® version 
3.3.0.1, Accuray Inc., Sunnyvale, California, USA). 
The treatment plans were created in 9 scenarios 
by a single planner, which were a combination of 
various resolutions of optimization and dose cal-
culations. The resolution of the previous treat-
ment plan was selected as the template for a new 
treatment plan, including the beam geometries 
such as treatment techniques, FW, etc. The treat-
ment plans for each patient then had nine sce-
narios with different combinations of resolution 
between fluence optimization and dose calcula-
tion. The resolution of the optimization and dose 
calculation (Opt/Cal) varied between high-reso-
lution (H), medium-resolution (M) and low-res-
olution (L). The abbreviation of each scenario is 
expressed as H/H for high-resolution optimiza-
tion/high-resolution dose calculation, M/L for 
medium-resolution optimization/low-resolution 
dose calculation, etc. Using the VOLOTM Ultra, the 
treatment system automatically calculated the 
optimum PF and MF.  Although the PF was calcu-
lated automatically, the value was then fixed in all 
treatment scenarios for each case. Only the MF 
could not be adjusted using this option. These 
plan parameters are summarized in Table 1. 

The constraints of the targets followed the 
guidelines of the International Commission on 

Radiation Units and Measurements (ICRU) number 
83 (13), specifically: 1) 98% of the target volume 
received at least 95% of the prescribed dose (D98% 
≥ 95% of the prescribed dose), 2) the prescribed 
dose was delivered to 50% of the target volume 
(D50% = prescribed dose) and 3) less than 107% of 
the prescribed dose was delivered to 2% of the 
target volume (D2% ≤ 107% of the prescribed dose). 
However, the structures of PTV59.4 contained the 
PTV70.0 and were superior to the isolated struc-
ture of PTV54.0. The dose of D2% was then con-
strained only on the PTV70.0. Table 2 summarizes 
the dose constraints both for the targets and also 
for each organ of OAR. 

Dosimetric parameters, indexes and planning 
time

All treatment plan scenarios were evaluated 
regarding targets and the OARs by dosimetric 
parameters and indexes. The indexes were eval-
uated regarding the PTV which consisted of a 

Table 1. Mean, standard deviation (SD) of patient character-
istics and treatment planning parameters in tomotherapy

PTV size (cc)

PTV70.0 Gy
PTV59.4 Gy
PTV54.0 Gy
Pitch
Modulation factor
Field width (mm)
Field of view (mm)

209.41 (95.23)
639.19 (145.13)
138.20 (82.14)

0.41 (0.06)
1.49 (0.22)
4.39 (1.09)

600 (55.90)

PTV, planning target volume

Table 2. Dose constraints of target and organs at risk of 
nasopharyngeal carcinoma

Structures Parameter Dose constraints

Target
PTV70.0

PTV59.4

PTV54.0

D98%

D50%

D2%

D98%

D50%

D98%

D50%

≥ 95% of prescribed dose
= prescribed dose
≤ 107% of prescribed dose
≥ 95% of prescribed dose
= prescribed dose
≥ 95% of prescribed dose
= prescribed dose

Organs at risk
Brainstem
Spinal cord
Optic chiasm
Optic nerve
Parotid
Globe

D2%

D2%

D2%

D2%

D50%

Dmean

≤ 54 Gy
≤ 45 Gy
≤ 54 Gy
≤ 54 Gy
≤ 30 Gy
≤ 35 Gy

PTV, planning target volume
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conformity index (12) (CIICRU) and a homogeneity 
index (12) (HI). The CIICRU and HI were employed 
using the ICRU no. 83 formula as recommended. 
The CIICRU was calculated by PIV/PTV, where PIV 
is the prescribed isodose volume. The HI was cal-
culated by (D2% - D98%)/D50% where Dx% is the dose 
level at x% volume. Other structures for evaluation 
were the OARs. The dose constraints described 
in Table 2 were normalized on the organs in the 
treatment plan scenarios as an evaluation tool.

Treatment planning time was also used to 
compare the computation time of the plan sce-
narios. However, this measurement was not in-
cluded in the time of dose constraints adjustment 
of each organ. The optimization was set at 20 iter-
ations per round for each of 3 rounds. The dose 
calculation time was then added to the time of the 
optimization process. 

Statistical analysis	
Statistical analysis was conducted using SPSS 

version 27.0.1 (IBM SPSS Statistics, IBM Co., Ar-
monk, New York, USA). This analysis assessed the 
significant differences between the plan quality 
parameters and dosimetric indexes, CIICRU and HI, 
of PTVs as well as the dose levels on the OARs. 

The planning time and the differences in FOV 
were also analyzed. The Shapiro-Wilk test was 
employed to assess the normality of the data. A 
Wilcoxon sign-rank test was used for significant 
difference analysis between the highest resolu-
tion scenario (H/H resolution scenario) and each 
of the others at a 95% confidence interval (p < 
0.05).

RESULTS
The results of the various resolutions and the 

optimization and dose calculations of the treat-
ment planning were assembled. The results were 
classified in terms dosimetric parameters of the 
target and OARs, treatment planning time and 
dosimetric parameters of various FOV. 

Dosimetric parameters on the targets and OARs
The dosimetric parameters of the PTV70.0, 

PTV59.4 and PTV54.0 are reported in Table 3. The 
values are expressed as mean percentage dose 
difference (standard deviations: SD) compared 
to dose constraints. The relative values of the 
nine scenarios were normalized by the dose con-
straints as listed in Table 2. Figure 1 shows the 
plots of PTV dosimetric results of all scenarios.  

Table 3. Mean percentage dose difference (SD) compared to dose constraint of target parameters in various 
resolutions of optimization and dose calculation.

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

PTV70

CI

HI

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

96.92
(0.74)
100.64
(0.46)
97.84
(5.44)

15.42
(9.04)

10.71
(5.09)

105.15
(4.11)

100.17
(1.30)

100.36
(0.51)
101.68
(1.00)

96.54
(0.73)
100.46
(0.43)
97.51
(5.36)

14.20
(10.46)

10.61
(5.03)

104.94
(4.04)
99.84
(1.36)

100.14
(0.52)
101.35
(1.16)

95.98
(0.77)

100.03
(0.50)
96.69
(5.16)

9.70
(9.46)

10.84
(4.78)

104.49
(3.93)
98.96
(1.43)

99.72
(0.56)

100.39
(1.30)

97.21
(0.68)
100.98
(0.43)
98.30
(5.53)

19.30
(11.75)

10.53
(5.16)

105.49
(4.25)
100.77
(1.24)

100.54
(0.76)

102.48
(1.15)

96.78
(0.67)
100.79
(0.44)
98.01
(5.45)

16.89
(11.26)

10.37
(5.07)

105.24
(4.18)

100.50
(1.38)

100.44
(0.46)

102.16
(1.15)

96.16
(0.68)
100.35
(0.43)
97.19
(5.23)

11.79
(10.21)

10.53
(4.84)

104.76
(4.00)
99.62
(1.44)

100.00
(0.46)

101.15
(1.20)

97.88
(0.70)
101.24
(0.44)
98.34
(5.62)

26.09
(13.87)

11.17
(5.28)

106.31
(4.33)
100.61
(1.34)

100.83
(0.53)

102.27
(0.94)

97.42
(0.66)
101.5
(0.42)
98.12
(5.54)

23.54
(13.43)

10.91
(5.17)

06.05
(4.25)
100.23
(1.86)

100.66
(0.53)

102.11
(1.03)

96.73
(0.72)
100.64
(0.42)
97.49
(5.37)

18.56
(12.27)

10.81
(4.95)

105.53
(4.14)
99.78
(1.49)

100.21
(0.58)

101.48
(1.13)

H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume; CI, conformity 
index; HI, homogeneity index and Dx%, dose at x% volume
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At the PTV70.0, all scenarios had a mean percentage  
dose difference of D2% lower than 100%. This 
means that all plans had a high dose lower than 
2% of PTV70.0. In comparison, all scenarios showed 
a significant difference when compared to the 
highest resolution scenario (p ≤ 0.004). At the 
target dose, the D50% of PTVs had a value of over a 
hundred percent which shows all PTVs received 
the prescribed dose, with the exception of the 
PTV54.0 in the H/L scenario. Although PTV54.0 in 
this scenario received a dose lower than the pre-
scription, the range of prescribed doses was ac-
ceptable. The dosimetric parameters were statis-
tically analyzed as shown in Table 4. This analysis 
demonstrated a significant difference between 
the H/H scenario and all scenarios of PTV70.0 (p < 

0.004), PTV59.4 (p ≤ 0.001) and PTV54.0 (p ≤ 0.024), 
with the exception of the L/L scenario of PTV70.0 
and M/M scenario of PTV59.4. These results revealed 
a percentage of D98% lower than a hundred in 
all scenarios of PTV70.0 and PTV54.0. On the other 
hand, the PTV59.4 received a dose of D98%, lower 
than the hundred in the H/M, H/L, M/L and L/L 
scenarios. Statistical analysis showed a signifi-
cant difference among all scenarios of PTV70.0 (p 
< 0.004), PTV59.4 (p ≤ 0.001) and PTV54.0 (p ≤ 0.007).

The CIICRU and HI were also observed in this 
study. The percentages are presented in Figure 
2a. The results show the lowest and highest values 
of CIICRU in the H/L and L/H scenarios, respec-
tively. On the HI, the lowest value was the M/M 
scenario, whereas the highest value was the L/H 

Table 4. Statistical analysis (p-value) of target dosimetric parameters in various resolutions of optimization and dose cal-
culation using the highest resolution scenario (H/H resolution scenario) benchmark

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

CI
HI
D50%

D98%

D50%

D98%

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p = 0.008
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p = 0.004
p < 0.001
p < 0.001
p = 0.015
p < 0.001

-
p < 0.001
p = 0.024
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p = 0.024
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p <0.001
p < 0.001
p = 0.001
p < 0.001
p < 0.001

p < 0.001
-

p < 0.001
p < 0.001
p = 0.014
p < 0.001
p < 0.001
p < 0.001
p = 0.007

H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume; CI, conformity index; HI, homo-
geneity index and Dx%, dose at x% volume
p-value was expressed only the data that had p-value less than 0.05
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scenario. A significant difference was found in all 
scenarios on both the CIICRU (p ≤ 0.015) and HI (p 
≤ 0.024). 

Table 5 summarizes the data on OARs expressed 
as mean percentage (SD) dose by the organ dose 
constraints normalization. Figure 3 shows the 
percentage dose level of the normal organs of 

interest. All OARs had a percentage lower than 
a hundred percent. This means these OARs met 
the criteria of the organ dose, with the exception 
of both parotid glands. A significant difference 
in OARs was also observed as shown in Table 6.  
The analysis shows that there was no significant 
difference in the H/M and H/L (p > 0.05) on the 

Table 5. Mean percentage dose difference (SD) compared to dose constraint of organs at risks parameters in various res-
olutions of optimization and dose calculation

Organs at risk Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

Brainstem

Spinal cord

Lt parotid

Rt parotid

Optic chiasm

Lt optic nerve

Rt optic nerve

Lt globe

Rt globe

Opt and calc time

D2%

D2%

D50%

D50%

D2%

D2%

D2%

Dmean

Dmean

Sec

91.28
(9.76)
68.01
(12.27)
105.95
(37.71)
104.18
(37.33)
74.56

(32.90)
79.07

(30.38)
77.32

(28.72)

37.81
(20.00)
38.02
(17.73)
377.35
(96.99)

91.29
(9.65)
68.48
(12.09)
106.97
(36.94)
105.26
(36.68)
75.03
(32.97)
79.38

(30.53)
77.69

(28.87)

37.97
(20.18)
38.32
(17.75)
337.94
(90.69)

91.43
(9.44)
69.93
(12.20)
108.92
(35.46)
107.26
(35.40)
74.63

(33.30)
79.86

(30.82)
78.32
(29.17)

38.28
(20.34)
38.66
(17.91)
328.38
(89.26)

91.59
(9.75)
67.92
(12.20)
105.88
(38.06)
104.56
(37.56)
74.58

(32.76)
78.78

(30.16)
76.06
(29.07)

38.08
(20.35)
38.19
(17.69)
161.37

(49.60)

91.55
(9.65)
68.45
(12.37)
106.94
(37.23)
105.46
(37.05)
74.82

(32.94)
79.09

(30.32)
77.76

(28.78)

38.28
(20.42)
38.33
(17.74)
121.89
(38.21)

91.68
(9.40)
69.70
(12.35)
108.23
(35.52)
108.07
(35.85)
75.44

(33.36)
79.69

(30.67)
78.24

(29.01)

38.64
(20.60)
38.80
(17.92)
110.89
(36.03)

92.13
(10.18)
66.13
(13.21)
106.13
(38.86)
104.32
(39.20)
74.48

(32.87)
79.10

(30.53)
77.75

(29.02)

36.45
(19.38)
37.27
(17.34)
121.89
(27.56)

92.05
(10.15)
66.48
(13.28)
107.08
(38.05)
105.43
(38.56)
73.71

(32.85)
79.28

(30.54)
77.79

(29.04)
p = 0.003

36.59
(19.42)
37.44
(17.37)
80.67
(16.07)

92.09
(9.94)
67.66
(13.27)
108.91
(36.49)
107.38
(37.22)
74.93

(33.26)
79.48

(30.69)
78.04
(29.10)

p < 0.001
37.02
(19.63)
37.83
(17.52)
70.92
(14.01)

H, high resolution; M, medium resolution; L, low resolution; Dmean, mean dose; Dx%, dose at x% volume; Opt, optimization 
and calc, calculation; Lt, letf; Rt, right; Sec, second

Table 6. Statistical analysis (p-value) of organs at risk and time with various resolutions of optimization and dose calculation 
using the highest resolution scenario (H/H resolution scenario) as a benchmark

Organs at risk
Para- 
meter

Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

Brainstem
Spinal cord
Lt parotid
Rt parotid
Optic chiasm
Lt optic nerve
Rt optic nerve
Lt globe
Rt globe
Opt and calc time

D2%

D2%

D50%

D50%

D2%
D2%

D2%

Dmean

Dmean

Sec

-
p < 0.001
p < 0.001
p < 0.001
p = 0.036
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

-
p < 0.001
p < 0.001
p < 0.001
p = 0.008
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p = 0.005
-
-
-
-
-
-
-
-

p < 0.001

p = 0.014
p = 0.013
p < 0.001
p < 0.001

-
-

p < 0.001
-
-

p < 0.001

p = 0.005
p < 0.001
p < 0.001
p < 0.001
p = 0.01

p = 0.002
p < 0.001
p = 0.015
p < 0.001
p < 0.001

p < 0.001
p < 0.001

-
-
-
-
-

p = 0.002
-

p < 0.001

p < 0.001
p < 0.001
p = 0.011
p = 0.012

-
-

p = 0.003
p = 0.002

-
p < 0.001

p < 0.001
-

p < 0.001
p < 0.001

-
-

p < 0.001
-
-

p < 0.001

H, high resolution; M, medium resolution; L, low resolution; Dmean, mean dose; Dx%, dose at x% volume; Lt, letf; Rt, right; Opt, 
optimization;  Sec, second
p-value was expressed only the data that had p-value less than 0.05
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brainstem, whereas there was a significant dif-
ference (p = 0.005) in the M/H. Two scenarios,  
M/M and L/M, almost had a significant difference  
(p ≤ 0.014) in similar organs. However, the L/M 
scenario showed one additional organ with a  
significant difference (p = 0.002) in the left globe.  
The L/H scenario showed a significant difference  
on the brainstem (p < 0.001), spinal cord (p < 0.001)  
and left globe (p = 0.002). The L/L scenario  
showed a significant difference (p < 0.001) regard-
ing the brainstem, both the parotid and right 
optic nerve. Only the M/L scenario was signi- 
ficantly different on all OARs (p ≤ 0.015). 

Treatment planning time
The planning time is presented on the rows  

labelled Opt and Cal time in Table 5. The planning 
time was the longest in the highest resolution 
of the optimization, whereas the lowest resolu-
tion had the lowest computational time. In Table 
6, The results show a significant difference (p < 
0.001) between the highest resolution and other 
scenarios. The planning time in each resolution 
scenario is shown in Figure 2b. 

Dosimetric parameters by various FOV
The mean percentage difference compared 

to dose constraint of the target for each FOV is 
summarized in Table 7. The results show that the 
D98% of PTV70.0 in the FOV 500 mm provided the 
highest dose level, whereas the highest dose level 
was observed in the D50% of PTV59.4 in the FOV 650 

mm. Other dosimetric parameters showed simi-
lar results. The different dose levels for each FOV 
are shown in Figure 4. As shown in Table 8, for 
most scenarios there were no significant differ-
ences in dose parameters.

DISCUSSION
This study explored the impact of treatment 

plan quality using various resolutions of both 
dose calculation and optimization. Nine treat-
ment plan scenarios with different resolutions 
were created for the investigation. In the inverse 
treatment planning, the photon fluence was de-
termined in the first step (14). This compromised 
the photon fluence between the dose on the tar-
get and OARs as those were constraints (14). Since 
the constraints were accepted, the final dose cal-
culation determined the dosage (15). This means 
that the photon optimization and dose calcula-
tion were separate processes, thus the resolution 
can differ between these two steps. 

Dosimetric parameters of the targets and OARs
In PTVs, the results showed an increasing dose 

level when the dose calculation resolution was in-
creasing. These results show the same pattern as 
those observed by Srivastava et al. (10), Kim et al. 
(6) and Kawashima et al. (5). In contrast, the op-
posite results were observed in optimization reso- 
lution. Resolutions presented with an increasing 
dose level when the resolution was decreased. 
The main impact would be raised by number of 
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Figure 2. Percentage value difference of PTV70.0 dosimetric indexes and treatment 
planning time in various resolutions of the optimization and dose calculation. 
(a) Percent difference of CIICRU and HI and (b) Treatment planning time.
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Figure 2. Percentage value difference of PTV70.0 dosimetric indexes and treatment planning time in various resolutions of 
the optimization and dose calculation. (a) Percent difference of CIICRU and HI and (b) Treatment planning time.
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Table 7. Mean percentage difference (SD) compared to dose constraint of target parameters in various fields of 
view (FOV), resolution of optimization and dose calculation

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

FOV 500 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

0.98
0.98
96.82
(0.45)
100.83
(0.22)
100.17
(0.60)
105.03
(3.77)

100.39
(0.91)

100.58
(0.28)
102.71
(0.70)

0.98
1.95

96.51
(0.45)
100.69
(0.25)
99.89
(0.60)
104.83
(3.70)
100.15
(0.82)
100.42
(0.25)
102.51
(0.77)

0.98
3.91

96.58
(1.03)
100.72
(0.84)
99.60
(0.31)

105.09
(4.61)
99.80
(0.22)
100.36
(0.59)
102.14
(1.40)

1.95
0.98
97.14
(0.62)
101.06
(0.49)
100.52
(0.51)
105.13
(3.81)

100.84
(1.07)
101.02
(0.10)
103.14
(1.15)

1.95
1.95

96.81
(0.64)
100.92
(0.49)
100.24
(0.44)
104.93
(3.74)

100.64
(0.96)
100.89
(0.10)
102.97
(1.22)

1.95
3.91

96.28
(0.64)
100.60
(0.51)
99.50
(0.27)
104.56
(3.65)
99.94
(0.81)
100.57
(0.11)

102.37
(1.45)

3.91
0.98
97.62
(0.59)
101.42
(0.20)
100.69
(0.79)
105.91
(4.10)
101.05
(1.27)

100.84
(0.22)
103.02
(0.47)

3.91
1.95

97.30
(0.60)
101.28
(0.20)
100.46
(0.82)
105.72
(4.07)
100.86
(1.20)
100.74
(0.23)
102.92
(0.54)

3.91
3.91

96.74
(0.65)
100.95
(0.24)
99.81
(0.90)
105.30
(3.96)
100.32
(1.01)

100.48
(0.24)
102.50
(0.81)

FOV 550 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

1.07
1.07

96.59
(0.70)
100.56
(0.51)
96.94
(6.71)

104.42
(3.20)
100.01
(1.47)

100.50
(0.45)
101.83
(0.78)

1.07
2.15

96.27
(0.71)

100.40
(0.50)
96.65
(6.60)
104.27
(3.17)
99.66
(1.50)

100.28
(0.45)
101.50
(1.11)

1.07
4.30
95.68
(0.72)
99.98
(0.51)
96.00
(6.27)
103.84
(3.09)
98.85
(1.54)
99.88
(0.43)
100.66
(1.15)

2.15
1.07

96.88
(0.54)
100.83
(0.44)
97.32
(6.86)
104.78
(3.28)
100.41
(1.39)

100.46
(1.07)

102.45
(1.34)

2.15
2.15

96.50
(0.52)
100.65
(0.44)
97.05
(6.78)
104.56
(3.25)
100.15
(1.60)
100.51
(0.41)
102.14
(1.31)

2.15
4.30
95.91
(0.53)
100.27
(0.45)
96.41
(6.45)
104.12
(3.16)
99.40
(1.63)
100.10
(0.40)
101.30
(1.32)

4.30
1.07

97.57
(0.60)
101.11
(0.47)
97.39
(6.94)
105.60
(3.45)
100.37
(1.53)
100.91
(0.47)
102.36
(0.92)

4.30
2.15
97.16
(0.61)

100.95
(0.47)
97.21
(6.83)
105.37
(3.43)
99.69
(2.46)
100.77
(0.46)
102.20
(0.99)

4.30
4.30
96.49
(0.64)
100.56
(0.47)
96.66
(6.57)
104.89
(3.35)
99.62
(1.60)

100.28
(0.62)
101.65
(1.09)

FOV 650 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

1.27
1.27

97.18
(0.71)

100.67
(0.44)
98.17
(4.77)
105.71
(4.77)

100.27
(1.25)

100.23
(0.56)
101.42
(1.09)

1.27
2.54
96.73
(0.73)
100.47
(0.39)
97.82
(4.70)
105.43
(4.69)
99.93
(1.34)
99.99
(0.57)
101.07
(1.15)

1.27
5.08
96.12
(0.73)
99.98
(0.39)
96.81
(4.59)
104.89
(4.48)
98.92
(1.45)
99.52
(0.55)
99.95
(1.19)

2.54
1.27

97.47
(0.70)
101.07
(0.41)
98.72
(4.79)

106.06
(4.96)
101.01
(1.14)

100.54
(0.50)
102.40
(1.01)

2.54
2.54

96.98
(0.73)
100.88
(0.42)
98.39
(4.71)

105.78
(4.88)
100.73
(1.25)

100.33
(0.48)
102.06
(1.04)

2.54
5.08
96.33
(0.74)
100.38
(0.40)
97.44
(4.60)
105.24
(4.65)
99.73
(1.39)
99.85
(0.46)
100.88
(1.01)

5.08
1.27

98.14
(0.70)
101.31
(0.42)
98.72
(4.90)
106.88
(4.99)
100.72
(1.23)
100.77
(0.60)
102.11
(0.96)

5.08
2.54
97.63
(0.65)
101.10
(0.40)
98.47
(4.85)
106.58
(4.88)
100.53
(1.32)

100.57
(0.60)
101.93
(1.07)

5.08
5.08

96.90
(0.76)
100.65
(0.39)
97.78
(4.75)

106.03
(4.75)
99.83
(1.49)
100.12
(0.58)
101.21
(1.13)

Opt, optimization; Cal, calculation; H, high resolution; M, medium resolution; L, low resolution; PTV, planning 
target volume and Dx%, dose at x% volume

Opt resolution (mm)
Cal resolution (mm)

Opt resolution (mm)
Cal resolution (mm)

Opt resolution (mm)
Cal resolution (mm)
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Figure 3. Comparison of percentage dose differences with dose constraint of organs at risk and dosimetric parameters in 
various resolutions of optimization and dose calculation.

Table 8. Statistical analysis (p-value) of target dosimetric parameters in various FOV

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

FOV 500 mm vs FOV 550 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-

0.044
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV 550 mm vs FOV 650 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

0.026
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-

0.048
-

0.009
-
-
-
-
-
-

0.033
-
-
-
-
-
-

-
-
-
-
-
-
-

0.023
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV 500 mm vs FOV 650 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

-
-
-
-
-
-
-

-
-
-
-
-
-

0.037

-
-
-
-
-

0.036
0.024

-
-
-
-
-

0.049
-

-
-
-
-
-

0.03
-

-
-
-
-
-

0.024
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV, field of view; H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume and 
Dx%, dose at x% volume. 
p-value was expressed only the data that had p-value less than 0.05
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elements contained in each structure volume, 
particularly around the boundary of the struc-
ture. The elements at the object boundary are 
taken into account differently in the structures, 
depending on each TPS. In the optimization pro-
cess of VOLOTM Ultra, a whole voxel was included 
in the PTVs if its partial volume was involved (15). 
Additionally, an accelerated optimization method  
was used to decrease the planning time. This 
method employed a lower resolution level in the 
optimization step (15). However, this down sam-
pling was used only on the first or second optimi-
zation round (15). The enlargement of the target 
could be observed in this process and was de-
pendent on the chosen resolution. The voxel of 
the optimization increased the size of the target 
volume when the low resolution was selected. 
This impact can be observed in Figure 1. However,  
the results found differences in the PTV59.4 and 
PTV54.0 at the level D98%. These results showed the 
radiation dose was reduced when a low resolu-
tion of optimization was used.  As the IMRT tech-
nique was employed in this study, the concept of 
target enlargement also applied across all targets, 
i.e., PTV70.0, PTV59.4 and PTV54.0. Although all targets 
were enlarged, the PTV59.4 and PTV54.0 lost a num-
ber of voxels due to the overlap and the adjacent 
region between each target, respectively. 

The results demonstrated that there was a 
significant difference in almost all resolution sce-
narios when compared to the highest resolution. 
These differences were within 2.5%, which would 
indicate no significant difference in clinics. How-
ever, the coverage of PTV70.0 (D98%) was found to be 
under 100% in all scenarios. This illustrates that the 
PTV70.0 receives a lower dose than the constraints 
due to the partial adjacency of the brainstem. This 
demonstrates that the enlargement of the PTVs 
might have less impact on the adjacent normal 
organ as shown by the dose values on brainstems 
in Figure 3. Although the TPS calculated the dose 
using a similar dose constraint, the performance 
of M/H, M/M, L/H and L/M scenarios showed a 
higher dose coverage than the H/H scenario. As 
part of the H/H scenario, these might be candi-
dates of interest.

With regard to conformity, the results showed 
that the CIICRU value was similar in pattern to the 
PTV70.0. The volume of a radiation dose is the nu-
merator in this formula. These calculations con-

firm the assumption that the PTVs are enlarged 
by the increasing CIICRU value when the resolution 
of the optimization is decreased. The dose calcu-
lation resolution demonstrated that the volume 
of radiation was rapidly decreased by decreas-
ing the resolution. By the binary numeric based 
calculation, the voxel of deposited dose would be 
enlarged by 2n as well. Although the concept of 
optimization might differ between each TPS, this 
tendency of the dose calculation resolution also 
confirms the work of Srivastava et al. (10), Kim et. 
al. (6) and Chow et al. (16) In contrast, this was not 
observed in the HI value.  As the formula for HI  
focused on the dose level, this study found a similar 
level of value in all resolution scenarios. However,  
this also revealed that all resolution scenarios 
would provide a similar dose range between D98% 
and D2% dose levels. In Figure 2a, the CIICRU value 
of a low optimization resolution presented with 
the highest value. This might indicate a limitation 
of using this resolution in the optimization step.

On the OARs, similar dose levels were also ob-
served among some resolution scenarios. Similar 
dose levels were found on the brainstem, optic 
chiasm, both optic nerves and both globes. In the 
craniocaudal direction, an axial fan beam of the 
tomotherapy might involve a less inferior volume 
to these organs. This could be a reason that these 
organs were less impacted by various resolution 
scenarios. This is in contrast with the work of 
Srivastava et al. (10) that investigated using the 
C-arm based linear accelerator. The impact may 
increase with the size of the MLC. In our study, 
two other organs impacted by the various reso-
lution scenarios were the spinal cord and both 
parotids. This result also confirms the work of 
Srivastava et al. (10). These three structures are 
located close to all PTVs. The increase in PTVs 
voxels must impact the volume of these struc-
tures. However, all OARs met the acceptance cri-
teria, with the exception of both parotids. Due to 
the overlapping structures of the PTVs, the paro- 
tids might not have been kept within the criteria of 
the study, but this could be acceptable in clinics.  
Although all organs met the criteria, with the 
exception of both parotid glands, no significant 
differences were found regarding the resolution 
between the H/H and M/H scenarios. This sce-
nario might represent an interesting resolution in 
clinical practice. 
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Figure 4. Mean percentage dose difference compared to dose constraint of PTVs dosimetric parameters in various reso-
lutions of optimization and dose calculation and field of view (FOV). (a)  Mean dosimetric parameters in FOV500 mm, (b) 
Mean dosimetric parameters in FOV550 mm and (c) Mean dosimetric parameters in FOV650 mm.
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Treatment planning time
Regarding treatment planning time, other  

publications (5-7, 12) report that the most time- 
consuming practice was with the highest resolu-
tion. The present study found similar results. The 
treatment planning time would be higher for the 
optimization process than for the dose calcula-
tion process. Anchoring the optimization time, 

the treatment planning time was average regards 
the optimization group. This showed that the 
planning time would decrease from high resolu-
tion to low resolution by the steps of the binary 
numeric base which were 347.89 sec (~ 28 sec), 
131.38 sec (~ 27 sec) and 91.16 sec (~26 sec) for high, 
medium and low resolution, respectively.
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Dosimetric parameters by various FOV
The FOV was one of the factors investigated 

in this study. In most scenarios, no significant 
differences were observed among the dosimetric 
PTVs parameters. Although the resolution of op-
timization and dose calculation were dependent 
on the FOV, the difference in the voxel size did 
not exceed 2.54 mm when the high and medium 
resolutions were applied. For these ranges of the 
FOV, the low-resolution level is not recommended.

The influence of optimization and dose calcu-
lation resolution on the targets and OARs dose is 
summarized in Table 9. The highest resolution of 
the optimization and dose calculation are recom-
mended for the treatment planning. This resolu- 
tion requires a longer planning time for generating 
the treatment plan. However, that may not impact 
centers that have a smaller number of patients. In 
many treatment centers the lower resolution can 
reduce the treatment planning time while main-
taining optimal quality. Although the VOLOTM  
Ultra is a new technology in tomotherapy treatment 
planning and has an algorithm of accelerated op-
timization, the resolution can be selected for the 
optimization and dose calculation process. The 
selection of the lower resolution (medium reso-
lution) can provide a shorter treatment planning 
time while retaining a plan quality equal to the 
highest resolution.

This study observed the impact of optimization 
and dose calculation resolution in the VOLOTM 
Ultra only for the high to low resolution. In this 
TPS, a very low resolution can be selected, a reso- 
lution that was not included in this study. This 
might be a limitation of this investigation. On the 
other hand, the accelerated optimization method  
was integrated in this program but not on the 
classic Precision® which might be an area of in-
terest in future research. 

CONCLUSIONS
This study investigated the impact on plan 

quality of using various resolutions of optimiza-
tion and dose calculation. The results show that 
the resolution of M/H and M/M are of particu-
lar interest. These scenarios provide a higher 
dose coverage, have a mild impact on OARs and a 
moderate impact on conformity. The most bene-
ficial of these scenarios can reduce the treatment 
planning time by 37.8% without a modification in 
the dose constraint. In this study, the plan quality  
was found to have had no impact with various 
FOVs of the CT image.
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 ABSTRACT

OBJECTIVE  Resection of intracranial meningioma has been related to 
significant blood loss. Intravenous tranexamic acid (TXA) has been shown 
to successfully attenuated blood loss and transfusion in various surgical 
procedures. However, the evidence has been limited in the surgical man-
agement of brain tumors. This study aims to evaluate the efficacy of intra-
venous TXA in reducing intraoperative blood loss and the need for blood 
transfusion during the surgical resection of intracranial meningiomas.

METHODS We conducted a prospective, randomized double-blind con-
trolled study aiming for a sample size of 44 patients. In this preliminary 
report, twenty-five patients aged 18-60 years with large intracranial men-
ingioma undergoing elective meningioma resection were enrolled and 
randomized to receive either TXA or a placebo. “Large meningioma” was 
defined as a radiographic finding of a tumor with a diameter > 5 cm in at 
least 2 dimensions. The TXA group was administered TXA at 20 mg/kg 
over 20 minutes, prior to the operation, followed by an infusion of 1 mg/
kg/hr until the end of the operation. The primary outcome measure was 
volume of intraoperative blood loss. Continuous variables were analyzed 
with Student’s t-test or the Mann-Whitney U-test depending upon the 
distribution of the data. Fisher’s exact test was used to compare categor-
ical variables.

RESULTS Twenty-five patients were randomized with 12 in the TXA 
group and 13 in the placebo group. Baseline characteristics of the patients 
in the two groups were similar. The median intraoperative blood loss vol-
ume was 1,925 mL (IQR=1,575) in the TXA group and 1,500 mL (IQR=1,700) in 
the placebo group (p = 0.904). The median of intraoperative packed red 
cells (PRC) transfusion volume was 801.5 mL (IQR=825.5) in the TXA group 
and 493 mL (IQR=856) in the placebo group (p = 0.883). There was no sig-
nificant difference in blood transfusion volumes between the groups in 
first 24 hours after surgery (p = 0.581). The incidence of thromboembolic 
events was similar in the two groups (p = 1.0). No postoperative seizures 
occurred in either group during the study. 

CONCLUSIONS TXA did not reduce intraoperative blood loss, the in-
traoperative transfusion requirement, and the transfusion requirements 
during the first 24 hours after surgery in patients who underwent large 
intracranial meningioma resection.  

 KEYWORDS  tranexamic acid; meningioma; blood loss; blood transfusion
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INTRODUCTION
Meningioma is the most common primary 

central nervous system (CNS) tumor, accounting 
for one-third of primary brain tumors. Its histology  
is usually benign and presents with intracranial,  
extra-axial, and dural attachment lesions. Menin-
gioma has been found in 53.3% of all CNS non- 
malignant tumors (1-3). Neurological symptoms 
develop in only 8.1% of patients due to the tumor’s 
slow-growing nature which allows adequate time 
for cerebral auto-regulation and cerebral compen- 
sation. For that reason, most patients presenting  
to the neurosurgeon have a large meningioma  
(3, 4). Meningioma contains more tissue plasmino- 
gen activator (tPA) than normal brain tissue 
which causes hyperfibrinolysis during resection 
of the meningioma resulting from release of tPA 
into the blood circulatory system. The degree of 
hemostatic disturbance from tPA is directly asso- 
ciated with the volume of the meningioma and 
the extent of the resection (5-7). 

 Surgical removal of meningioma is associated 
with a large volume of blood loss which causes 
hemodynamic instability and usually requires allo- 
geneic blood transfusion. Massive blood transfu-
sion, however, increases morbidity and mortality  
due to prolonged use of a ventilator, a longer 
postoperative Intensive Care Unit (ICU) stay and  
hospital stay, a higher incidence of 30-day major  
complications, and coagulation disturbance (8,  
9). Minimizing bleeding during meningioma resec- 
tion is primarily in the surgeons’ hands and their 
expertise. Various strategies have been devel-
oped to decrease intra-operative blood loss and 
transfusion requirements, e.g., preoperative em-
bolization of the arterial supply of the tumor, 
preoperative autologous blood transfusion, pre-
operative erythropoietin administration, acute 
normovolemic hemodilution, and a blood cell sav-
er. Those methods are currently practiced, but 
they are not routine (10) and none of those strate-
gies are considered a standard technique.

Tranexamic acid (TXA), an anti-fibrinolytic 
agent, binds to lysine receptors on plasmin and 
blocks the binding of plasmin to fibrin, inhibiting 
fibrinolysis (11). TXA has been shown to reduce 
perioperative blood loss and transfusion in various 
surgical procedures. In the neurosurgical field, 
large sample size trial of TXA have been limited 
to traumatic brain injury (TBI) and subarachnoid  

hemorrhage patients (12, 13). There is only very 
limited evidence of TXA being used in a craniotomy 
to remove a brain tumor. To fill this knowledge 
gap, we studied the effect of TXA in large menin-
gioma surgery because of TXA’s inhibitory effect 
on the fibrinolysis pathway. 

The primary purpose of this study is to deter-
mine efficacy of TXA in reducing intraoperative 
blood loss. Secondary objectives are to assess the 
efficacy of TXA in attenuation of intraoperative 
and 24 hours post-surgery blood transfusion re-
quirements. Adverse effects of TXA, focusing on 
thromboembolic events and convulsions, are also 
recorded. 

METHODS
Study design

This was a single-center, prospective, double- 
blind, placebo-controlled, randomized study 
conducted between August 2020 and January 
2022 at the Maharaj Nakorn Chiang Mai Hospital, 
Thailand.

Methodology
The Research Ethics Committee No.2 of the 

Faculty of Medicine, Chiang Mai University, au-
thorized the study protocol (ANE-2563-07307). 
This permission allows the execution of human 
research in full accordance with the study proto-
col. The ClinicalTrials.gov ID was NCT04386642. 
After obtaining ethics committee approval and 
written informed consent from patients, twenty-  
five individuals aged 18 to 60 years who were  
diagnosed with intracranial meningioma with a 
radiographic finding of a tumor diameter > 5 cm 
in at least 2 dimensions were included (14-16).  All 
the patients were scheduled for elective cranioto- 
my to remove the tumor. The exclusion criteria 
were patients who refused to participate in this 
study, patients with recurrent tumors, an intra- 
cranial tissue biopsy, a history of TXA allergy, 
pregnancy, a history of significant thromboem-
bolic episodes, or significant renal dysfunction 
(GFR ≤ 50 mL/min).

Sample size calculation
The sample size was calculated based on a 

previous study of TXA effects to reduce blood loss  
during intracranial meningioma removal (14). The 
average blood loss in large meningioma remov-
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al in our institution is 800 mL. The mean loss in 
the experimental group was 500 mL. The sample 
size, calculated using continuous outcome for 
the superiority trial, was 44 patients (22 patients 
per group). This sample size had a power of 90%, 
a significance level of 5%, and standard deviation 
of outcome of 300. Due time limitations, we were 
not able to achieve the expected number partici- 
pants. For that reason, this study presents the 
preliminary results of 25 patients.

Randomization and blinding
We used a computer-generated permuted block 

of 4 randomization. The random assignments were 
concealed in opaque, sealed envelopes. The en-
velopes were sent to the central pharmaceutical  
unit for preparation of the study drugs. The phar-
macist opened the concealed envelopes and pre-
pared the drug in clear 50 mL syringes. Patients in 
the TXA group received a TXA 20 mg/kg loading 
over 20 minutes before the skin incision, followed 
by a maintenance infusion of 1 mg/kg/hr until the 
end of operation (17, 18). The patients randomized 
to a placebo group received 0.9% normal saline. 
All the patients, attending anesthesiologists, 
neurosurgeons, data collectors and outcome as-
sessors were blinded to the randomization. This 
blinding process was reliable as the research drug 
and placebo were prepared by a pharmacist who 
was not involved in the study. The investigational 
drug and the placebo were contained in a 50 mL 
clear syringe as a transparent solution.

Surgical procedure
The standard treatment for large meningioma 

is surgical removal. Surgical approaches are deter- 
mined by the tumor’s size, location, and vascular 
supply. This research focused exclusively on tumors 
situated within the supratentorial compartment. 
Total resection is the objective for neurosurgeons; 
however, this must be balanced against factors 
such as blood loss, brain edema, injury to adjacent 
normal brain tissue, and the patient’s overall con-
dition. A craniotomy for the removal of a large 
meningioma typically requires over six hours of 
surgical intervention and is associated with con-
siderable blood loss.

Anesthetic protocols
A standard anesthetic protocol was followed 

with all the patients. At the operating theatre, 

patients received total intravenous anesthesia 
(TIVA) with propofol infusion via target-controlled 
infusion (TCI) following the Schneider pharma-
cokinetic model. Propofol TCI was set at an effect  
site concentration (Ce) of 4-6 mcg/mL. Fentanyl 
2 mcg/kg and Cis-atracurium 0.15 mg/kg were 
administered during the induction period. Anes-
thesia was maintained by propofol TCI titration 
to the Bi-Spectral Index (BIS) value of 40-60. 
Ventilation was controlled with an air-oxygen 
mixture (FiO2 0.4-0.5) with 2 L/min fresh gas 
flow.  An arterial line and central venous line (if 
needed) were cannulated after induction of anes- 
thesia. The blinded study drug was loaded at 0.5 
mL/kg 20 mins prior to skin incision followed 
by 0.025 mL/kg/hr (1 mg/kg/hr) continuously  
infused to the end of operation. Propofol TCI 
tailed off when closing the dura mater was started.  
In-operating-theater extubation was discussed 
with the surgeons, and considered the patient’s 
preoperative condition as well as anesthetic and  
surgical aspects. When to turn off the propofol  
infusion and whether to switch to a volatile  
anesthetic was determined by the attending an-
esthesiologist. Fentanyl was intermittently sup-
plemented (25-50 mcg) during the surgery as 
needed.

Intraoperative fluid management was guided 
by pulse pressure variation (PPV). For the patients 
who had a central venous catheterization, PPV 
could be augmented by central venous pressure  
as a guided fluid administration. Arterial wave-
form analysis showing a PPV greater than 13% 
suggests the blood pressure is likely responsive 
to volume administration, classifying the patient 
as a volume responder. Serial arterial blood gas 
(ABG) analysis was done to assess the acid-base 
status, oxygenation, ventilation, hemoglobin (Hb) 
and hematocrit (Hct) and blood glucose. The 
types and volume of blood transfusion were de-
cided by an anesthesiologist based on significant 
hemodynamic changes and the degree of anemia. 
The perioperative transfusion triggers in our in-
stitute are Hct < 30% for packed RBCs, INR > 1.5 
for fresh frozen plasma (FFP) and platelet counts 
< 100,000/mm3 for platelet transfusion. The vol-
ume of transfused packed RBCs, FFP and plate-
lets were recorded. The visual estimation of in-
traoperative blood loss was done by estimating 
the amount of blood in surgical sponges and the 
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operative field, then subtracting the amount of 
irrigation fluid used from the total volume blood 
and fluid in the scaled suction canisters. 

Following surgery, the patients were admitted 
to the neurosurgical ICU. Intubation and venti-
lation assistance was continued for variable pe-
riods depending on intraoperative events and 
the patient’s neurological condition. The patients 
were transferred to a normal ward when their 
neurological status and hemodynamic were sta-
ble. Postoperative imaging is not routinely done 
in our institution. The radiologist was consulted 
urgently if the patient developed a new neuro-
logical deficit, pupils had either unequal respon-
siveness or total unresponsiveness to light or a 
worsening Glasgow Coma Scale (GCS) score. The 
systemic causes of the problems were then eval-
uated and corrected.

Statistical analysis
Statistical analysis was performed using Sta-

ta statistical software version 16.1 (Statacorp LLc, 
College Station, TX, USA). The distribution of data 
was assessed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. The Mann-Whitney U-test 
and Student’s t-test were used to analyze conti- 
nuous variables depending on the distribution of 
the data. Normally distributed continuous variables 
are expressed as mean ± SD. Non-parametric var-
iables are expressed as median (range). The Chi-
square test and Fisher’s exact test were used to 
compare categorical variables. Intention-to-treat 
analysis was used for the primary analysis. A p- 
value < 0.05 indicated statistical significance.

Ethic approval
The Research Ethics Committee No.2 of the 

Faculty of Medicine, Maharaj Nakorn Chiang 
Mai Hospital, Chiang Mai University (ANE-2563-
07307) approved the study. Clinical trial registra-
tion: ClinicalTrials.gov Identifier: NCT04386642

RESULTS
In this preliminary study, twenty-five patients 

were enrolled. Twelve patients were randomized 
to the TXA group and thirteen patients were ran-
domized to the placebo group. There were no 
dropouts or withdrawals. However, two patients 
in the placebo group received TXA during the 
operation due to life-threatening uncontrolled 
hemorrhage. The dosage of TXA administered 
to those two patients was 500 mg and 1,000 mg, 
respectively, which was significantly lower than 
that received by patients in the treatment group. 
We classified the two patients as belonging to 
the placebo group and included them in the in-
tention-to-treat analysis. The consort diagram is 
shown in Figure 1. 

 The demographic characteristics and preop-
erative laboratory parameters of patients were 
comparable between the two groups (Table 1). 
The tumor volume was calculated by multiplica-
tion of three dimensions divided by 2.

(ABC)/2
A, B and C are the dimensions of the tumor 

measured by a radiologist using a recent CT/ MRI 
brain (19).

The tumor volume of the two groups was 
similar:  100.58±35.63 cm3 in the TXA group and 
95.98±34.96 cm3 in the placebo group, p = 0.747. 
Tumor location, duration of surgery, extension of 

Figure 1. Consort diagram
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Table 1. Demographic characteristics

Variables TXA group (n=12) Placebo group (n=13) p-value

Age (years)
Male/female
BMI (kg/m2)
Glasgow Coma Scale (GCS) score
Tumor volume (cm3)
Pre-op hemoglobin (g/dL)
Pre-op platelet (cells/cu.mm.)
Pre-op INR
Pre-op PTT ratio

50.83±8.38
1 [8.3%]/11 [91.6%]

24.79±5.37
15 (0.5)

100.58±35.63
13.74±1.87

257,000±39,886
0.98±0.04
0.85±0.12

52.69±7.63
5 [38.4%]/8 [61.5%]

24.44±4.89
15 (0.0)

95.98±34.96
13.41±1.40

24,8384±54,386
1.01±0.06
0.82±0.12

0.567
0.160
0.867
0.659
0.747
0.626
0.658
0.197
0.553

Values are expressed as mean ± SD, median (IQR), number [%]
BMI, body mass index; INR, International Normalised Ratio; PTT partial thromboplastin time; TXA, 
tranexamic acid

resection and anesthetic drug consumption were 
not different between groups. The amount of re-
suscitation fluid between groups was also alike 
(Tables 1 and 2).

The median intraoperative blood loss in TXA 
group was 1,925 (IQR=1,575) mL and in the placebo  
group was 1,500 (IQR=1,700) mL with no statis-
tically significant difference between groups (p 
= 0.904) (Figure 2). The median intraoperative 
volume of packed RBCs was 801.5 (IQR=825.5) in 
the TXA group and 493 (IQR=856) in the placebo  
group (p = 0.883). There were no statistically 
significant differences in intraoperative blood 
transfusion volumes of packed RBCs, fresh frozen 
plasma or platelets (Table 2). The volume of blood 
transfused (mL) is a more precise measurement 
than the quantity of blood units as blood may oc-
casionally be transfused in half-bag increments 
while patients are being transported to the ICU 
following the completion of surgery. The outcome 
remained unchanged when calculated in terms of  
blood units rather than blood volume in milliliters. 

Table 2. Demographic characteristics

Variables TXA group (n=12) Placebo group (n=13) p-value

Duration of surgery (minutes)
Extent of resection (complete/partial)
Intraoperative crystalloid (mL)
Intraoperative colloid (mL)
Intraoperative urine output (mL)
Intraoperative blood loss (mL) (median and IQR)

541.2±146.4
4 [33.3%]/8 [66.6%]

2,525 (1,050)
950 (750)
1,287±664

1,925 (1,575)

493.4±113.7
5 [38.4]/8 [61.54]

2,150 (1,372)
500 (1,000)
1,059±472

1,500 (1,700)

0.369
1.000
0.2641
0.560
0.164
0.904

Intraoperative transfusion 
Packed red cells (mL)
Fresh frozen plasma (mL)
Platelets (mL)

801.5 (825.5)
247 (548.5)

0 (122.5)

493.0 (856.0)
337 (1,017.0)

0 (330.0)

0.883
0.594
0.302

Values are expressed as mean ± SD, median (IQR), number [%]
TXA, tranexamic acid

Figure 2. Volume of intraoperative blood loss (Primary 
outcome)

Furthermore, there were no statistically signifi-
cant differences in blood transfusion volumes in 
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the first 24 hours after surgery in terms of packed 
RBCs, FFP or platelets (Table 3). There were no 
significant differences in the incidence of throm-
boembolic events and postoperative seizures  
between the two groups (Table 3). 

DISCUSSION
Inarguably, surgical removal of intracranial 

meningioma is usually associated with massive 
hemorrhage and often requires a large volume 
of allogeneic blood transfusion. Factors corre-
lated with significant blood loss in meningioma 
resection include large tumor size, tumors in-
vading the sphenoid wing, a rich vascular supply, 
adjacent to the vessels, and accidental tearing of 
vessels (17). The larger the amount of meningioma 
resected the more tPA is released into the blood 
circulation. The tPA causes hyperfibrinolysis and 
interferes with clot formation. Massive blood 
transfusion further amplifies consumptive coagu- 
lopathy. Additionally, even a judicious volume of 
crystalloid solution causes dilutional coagulop-
athy. Some colloid solutions affect the coagu-
lation pathway. TXA has been shown to reduce 
perioperative blood loss and transfusion in vari-
ous surgical procedures, but there is only limited  
evidence for brain tumor removal, particularly 
meningioma surgery.  

In our preliminary report of 25 patients, there 
was no significant difference in intraoperative 
blood loss between the two groups. The median 
intraoperative blood loss was 1,925 mL (IQR=1,575) 
in the TXA group and 1,500 mL (IQR=1,700) in the 
placebo group. There have been few studies of 
using TXA in patients undergoing excision intra- 
cranial meningioma. Those studies, which admi- 
nistered the same dose of TXA as in our study, 
reported that TXA could significantly reduce in-
traoperative blood loss during elective craniotomy 

for excision of intracranial meningioma by 27.00% 
(17), 46.43% (20) and 24.60% (21). Total intraop-
erative blood loss in our study was much higher  
in the placebo group (median 1,500 mL) than in 
studies by Hooda et al. (mean 1,124), Ravi et al. 
(mean 1,150 mL), Rebai et al. (mean 495 mL) (17, 
20, 21). The reason for the differences might be 
due to differences in the size of the meningiomas. 
In our study, we enrolled patients with a tumor 
diameter > 5 cm in at least 2 dimensions, which 
is larger than in the previous studies. Ravi et al. 
recruited patient with tumor diameter > 5 cm in 
at least 1 dimension, while Hooda et al. and Rebai 
et al. recruited patients with meningioma regard-
less of the size of the tumor (17, 20-21). The tumor  
volume in our study is greater than those reported  
in previous studies. In the present study, the 
mean tumor volume was 100.58 cm3 in the TXA 
group and 95.98 cm3 in the placebo group. The 
Ravi et al. study reported a mean tumor volume of 
63.79 cm3 in the TXA group and 43.36 cm3 in the 
placebo group (20).  As mention earlier, a larger 
tumor can initiate a greater hemostatic distur-
bance by releasing greater amounts of tPA. 

In the secondary outcomes, there was no sig-
nificant difference in the transfusion requirement 
during the intraoperative period and the first 24 
hours after surgery between the groups which is 
consistent with previous studies (17, 21-23). As is 
well known, TXA induces fibrinolytic suppression 
and promotes clot stabilization. Thus, the main 
theoretical risk of TXA is thromboembolic events. 
In our study, the incidence of thromboembolic 
events was similar between the groups which is 
consistent with previous studies. The other po-
tential side effect of concern from TXA is seizure. 
In the setting of intracranial surgery, postop-
erative convulsion may result from the menin-
gioma itself, from the surgical lesion, and may 

Table 3. Postoperative data

Variables TXA group (n=12) Placebo group (n=13) p-value

Packed red cells (mL)
Fresh frozen plasma (mL)
Platelets (mL)

399
0

135

546
0
0

0.581
0.797
0.530

Thromboembolic events
Postoperative seizure

1 (8.33%)
0.00

2 (15.38%)
0.00

1.000
1.000

TXA, tranexamic acid

Number of patients who developed adverse events

Average volume of blood components received in the first 24 h of surgery
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possibly be TXA-induced. A previous systematic 
review showed that a newly-developed seizure 
after resection of meningioma occurred in 1.4% 
of patients and that it can significantly increase 
mortality (21). The incidence of TXA-associated 
seizures has been reported to be directly corre-
lated with high doses of TXA (22). To reduce the 
risk of seizures, we chose to use an intermediate 
dose of TXA in the amount of 20 mg/kg loading 
20 minutes before the skin incision and followed 
by a maintenance infusion of 1 mg/kg/h until the 
end of the operation. No postoperative seizures 
were observed in the present study. Our findings 
support what was reported in a CRASH-3 study 
which included 12,737 TBI patients. That study  
reported the incidence of thromboembolic events 
and seizures associated with the use of TXA were 
not higher in TBI patients (12).

This study had several limitations. This pre-
liminary report, which involves a limited number 
of subjects, may lack sufficient statistical power 
to demonstrate a potential benefit of TXA, if such 
a benefit exists. Therefore, obtaining data from a 
larger sample as originally calculated may be re-
quired. Second, estimating blood loss by the visual 
method is subjective and can vary among the at-
tending anesthesiologists. Based on the observed 
non-significant differences in outcomes between 
the two groups, the results of the present study 
indicate a reversal of prior evidence suggesting 
that TXA reduces blood loss during meningioma 
surgery. The authors chose to present the results 
of the study as preliminary findings.

CONCLUSIONS
As shown in this preliminary report, adminis-

tration of TXA did not attenuate intraoperative 
blood loss during surgical removal of meningioma 
nor did it decrease transfusion requirements ei-
ther intraoperatively or during the first 24 hours 
after surgery. The incidence of thromboembolic 
events in this study was similar between the two 
groups. No postoperative seizures occurred in 
our study. In future studies, obtaining the calcu-
lated desired sample size may be needed.
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 ABSTRACT

OBJECTIVE  Occupational noise-induced hearing loss (ONIHL) is preva- 
lent among supporting healthcare workers in a hospital setting. The risk 
assessment of ONIHL using a risk matrix could be beneficial, particularly 
in settings with limited resources; however, it has rarely been applied, and 
no previous studies have evaluated its accuracy compared to audiogram 
results. This study aimed to develop a system to evaluate the accuracy of 
a risk matrix score as a screening tool for the risk of ONIHL.

METHODS  This retrospective cohort study included hospital workers 
exposed to high workplace noise levels in Ramathibodi Hospital and Siriraj 
Hospital between 2016 and 2023. The noise levels were monitored in the 
workplaces, and workers’ annual audiograms were obtained and inter-
preted. The risk matrix score was developed by multiplying the numerical 
value of each domain in the risk matrix (probability - P, consequences - C, 
and exposure time - E), resulting in a score range of 1 to 125.  The accuracy  
of the risk scores for predicting ONIHL was evaluated using the ROC curve.  
The optimal cut-off value for the risk scores was determined based on sen-
sitivity and specificity, and the scores were classified into five risk levels (R).

RESULTS A total of 239 workers were included in the study (45.6% male 
and 54.4% female), 38.5% of whom were diagnosed with ONIHL. For noise 
exposure level (P), most workers (70.7%) were exposed to occupational 
noise levels less than 80 dBA as an 8-hour time-weighted average (level 1). 
Regarding Consequences (C), the majority (38.5%) experienced moderate 
health effects from noise exposure (level 3). For exposure time (E), most 
workers (32.2%) had a job duration of 20 years or more (level 5). In terms 
of risk categories (R), most workers (40.2%) were in the moderate risk cate-
gory (level 3), followed by 26.8% in the acceptable risk category (level 1), 
20.5% in the low-risk category (level 2) and 12.6% in the high-risk category 
(level 4). The area under the curve (AUC) of the risk score for predicting 
ONIHL was 0.667. At a score of 8, the sensitivity and specificity for ONIHL 
were 65.2% and 55.1%, respectively. 

CONCLUSIONS The risk matrix can moderately predict ONIHL. It 
should be employed to screen and prioritize high-risk workers for audi-
ometry in settings with limited resources to promote early detection of 
ONIHL and further noise control.  
 KEYWORDS  occupational noise-induced hearing loss, risk matrix, risk  
 assessment, screening test, healthcare worker
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INTRODUCTION
Occupational noise-induced hearing loss 

(ONIHL) is one of the most common occupational 
diseases globally. The global prevalence of ONIHL 
in 2019 ranged from 11.2 to 58.0% and was generally 
 higher in developing countries (1). The cause is 
prolonged exposure to loud noise, typically over 
a period of 10 years, resulting in permanent injury  
to hair cells within the cochlea of the inner ear. 
ONIHL is sensorineural hearing loss (1). The gold 
standard for diagnosis of ONIHL is pure tone 
audiometry (PTA) (2). ONIHL has characteristic  
audiogram signatures:  a notch presentation of 
hearing threshold at high frequencies, 3,000, 
4,000, or 6,000 Hz, with a recovery observed at 
8,000 Hz. ONIHL differs from presbycusis in that 
it shows a recovery pattern at 8,000 Hz, whereas 
presbycusis does not (3). 

Presently, there are no ways to cure ONIHL (4). 
The catastrophic consequences of hearing loss 
are associated with poor health status, high un-
employment rates, depression, dementia, and 
high mortality rates (5). ONIHL in workers also 
significantly increases the risk of work-related  
injuries (6, 7). The impact of ONIHL results in both 
a financial and disease burden at individual and 
country levels (8). In hospitals, workers in certain 
departments, such as laundry, nutrition, and en-
gineering service units, may be exposed to loud 
noise. However, hearing conservation programs 
in many hospitals in Thailand are often over-
looked and inadequately implemented.

The study by Pinosova et al. (9) used a three- 
dimensional risk matrix to assess the risk of ONIHL 
by using risk scores. The dimensions were Prob-
ability, Consequence, and Exposure time. The 
noise level in the workplaces increases the risk of 
ONIHL; therefore, it is defined as Probability. The 
Consequences include auditory effects, non-au-
ditory effects, and injuries from noise exposure. 
The Exposure time is measured in years worked in 
high noise level units. The risk matrix can priori- 
tize hazard management according to the risk 
scores. However, a study by Pinosova et al. (9) did 
not test the accuracy of the risk matrix scores 
by comparing them with the audiograms of the 
workers. To our knowledge, no previous studies 
have compared risk matrix scores with diagnosed 
ONIHL from audiograms, and there is no pub-
lished evidence of a risk matrix of occupational 

noise exposure in Thailand. Such a matrix could 
help prioritize workers who should receive PTA 
testing to detect hearing damage and to suggest 
further preventive measures early. Moreover, 
such a risk assessment could serve as an educa-
tional tool to motivate employers and workers to 
comply with hearing conservation programs. 

Ramathibodi and Siriraj Hospital, Mahidol Uni-
versity are among the largest tertiary care hospitals 
in Thailand. Both facilities have various working 
areas where hospital workers are exposed to high 
noise levels. At those institutions, hearing and 
noise monitoring data have been collected regu- 
larly. This study aimed to develop a risk matrix 
score and to assess its accuracy as a screening tool 
of ONIHL which could identify high-risk workers. 
Early detection of ONIHL would help protect the 
workers against more severe hearing damage and 
encourage organizations to manage the risk of 
noise hazards through a hierarchy of controls.

METHODS
This retrospective cohort study aimed to con-

struct a three-dimensional risk matrix for use 
as a screening tool for ONIHL. The data sources 
were questionnaire interviews, annual audiome-
try records, and measurements of noise levels in 
the work environment. 

Study population
The study population was all workers exposed 

to loud noise who were included in the hearing 
monitoring program. There were a total of 308 
workers: 168 and 140 from Ramathibodi and Siriraj 
Hospitals, respectively. The departments included 
Laundry, Nutrition, Prosthetics and Orthotics, 
Engineering Service, Central Sterile Supply, OR 
OB-GYN, Printing, and Medical Gas System. 

Sample characteristics
The inclusion criteria were: 1) workers who 

underwent PTA due to workplace noise exposure 
between 1 January 2016 and 30 September 2023, 
and 2) workers’ departments which had annual 
noise monitoring data. Individuals were excluded 
who: 1) had retired or resigned, or 2) had perma-
nent hearing loss from other causes, e.g., ototoxic 
drugs/chemicals, trauma, uncurable or congenital 
or genetic ear diseases, history of non-occupational  
acoustic trauma, etc.
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After data collection, a total of 239 participants 
were identified from a group of 308 workers, or 
77.6%, which was considered an acceptable re-
sponse rate (10). 

Power of the study
This study used all available data. The power of 

the retrospective cohort study was calculated using  
OpenEpi (11). The exposed group was defined as 
individuals who had a regular noise exposure level  
of 80 dBA and above, a level at which long-term 
exposure would increase the risk of ONIHL (2). 
The non-exposed group was defined as individuals  
having a noise exposure level of less than 80 dBA. 
The power of the study was 0.7 (70.0%), an accept-
able statistical power.

Data collection
Questionnaire: The authors collected data 

through face-to-face interviews using an electronic 
questionnaire. The questionnaire content included  
demographics, auditory symptoms (e.g., tinnitus, 
communication problems), non-auditory symp-
toms (e.g., dizziness, headache), and injuries re-
lated to noise exposure in the workplace (e.g., 
slipping, falling, and amputation). Three occupa-
tional medicine physicians verified the validity of 
the questionnaire using the content validity index 
(CVI). Then a pilot study was done after which the 
questionnaire was adapted and used for data col-
lection. The participants provided written per-
mission to use their PTA results.

Noise exposure: Data on annual noise moni- 
toring of the workers’ departments were obtained. 
Industrial hygienists in each hospital measured 
noise levels using a sound level meter, then cal-
culated the noise level as an 8-hour time weight 
average (TWA). 

Hearing status: The annual hearing monitoring  
of hospital staff using PTA tested hearing at 500, 
1,000, 2,000, 3,000, 4,000, 6,000, and 8,000 Hertz 
in both ears followed the ACOEM guidance state-
ment 2018 (3). Audiograms made between 2016 
and 2023 were obtained from both occupation-
al health units. The latest audiogram was used to 
diagnose ONIHL.

Diagnosis of ONIHL from pure tone audiograms
ONIHL was diagnosed from annual audiograms 

according to the ACOEM ONIHL guidance state-

ment 2018 (3) and Cole et al. (12), then verified 
by three occupational physicians. The diagnostic  
criteria were: 1) a notch at frequencies 3,000, 
4,000, or 6,000 Hz of 10 dB or more compared 
with that at 1,000 or 2,000 Hz, and 2) a notch at 
frequencies 3,000, 4,000, or 6,000 Hz of 10 dB or 
more compared with that at 6,000 or 8,000 Hz.

Risk matrix 
The individual risk matrix consisted of the fol-

lowing three parameters. The probability of risk 
occurrence (P) was the central value (median) of 
all annual workplace noise levels as an 8-hour 
TWA. The probability was divided into five levels 
according to the noise level (1 = ‘less than 80 dBA’, 
2 = ’80-84 dBA’, 3 = ’85-89 dBA’, 4 = ’90-94 dBA’, 
and 5 = ‘more than 94 dBA’) (details in Supplement 
Table S1). 

The risk of developing ONIHL increases with 
prolonged exposure to noise levels above 80 dBA 
as an eight-hour TWA, and the risk significantly  
increases when exposure exceeds 85 dBA (3).  
According to National Institute for Occupational  
Safety and Health (NIOSH) Occupational Noise 
Exposure Revised Criteria 1998, the estimated 
risk of significant hearing impairment after 40 
years of work is 1.0% at 80 dBA with eight-hour 
TWA, 8.0% at 85 dBA, and 25.0% at 90 dBA (13).

The consequences or the severity of the risk 
(C) were the most severe health effects or injuries 
as obtained from the questionnaire. The conse-
quences were divided into five levels according to 
the severity (1 = ‘insignificant effects’, 2 = ‘minor 
effects’, 3 = ‘moderate effects’, 4 = ‘major effects’, 
and 5 = ‘catastrophic effects’) (details in Supple-
ment Table S2)

The exposure time (E) was the job-years of  
exposure to loud noise in the workplace. The  
exposure time was divided into five levels according 
to the duration (1 = less than 5 years, 2 = 5-9 years, 
3 = 10-14 years, 4 = 15-19 years, and 5 = 20 years 
and above). (details in Supplement Table S3.) 

The risk of ONIHL from prolonged noise expo-
sure starts at 5 years (14). ONIHL progresses most 
rapidly during the first 10 to 15 years, after which 
the rate of hearing loss slows. This differs from 
age-related hearing loss, which speeds up as time 
progresses (3).  

Finally, the risk scores were calculated: Risk 
score = P x C x E. 
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Statistical analyses
Receiver operating characteristic (ROC) analy-

sis of the risk matrix scores. The accuracy of the 
risk matrix scores as a screening tool for ONIHL 
was tested using ROC analysis. The area under 
the curve (AUC), sensitivity, and specificity were 
calculated. The optimal cut-off for the risk matrix 
tool was determined based on sensitivity, speci-
ficity, and clinical significance.

New risk categories (R) in risk matrix develop-
ment. After determining the cut-off point of ONIHL 
from risk scores, simple logistic regression was 
used to find the association between risk scores 
and the diagnosis of ONIHL. The odd ratios, 95% 
confidence interval, probability (odds/(1+odds)), 
and p-values were used to classify risk scores 
into five risk categories (R). A p-value less than 
0.05 was considered statistically significant. The 
hazard management for each risk category was 
developed based on the studies of Piňosová et al. 
(9), Chaiklieng et al. (15), and Kadir et al. (16).

All data were analyzed using STATA software 
version 17. 

Ethical approval
The research was approved by the human 

ethics committee of the Faculty of Medicine, 
Ramathibodi Hospital and the Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, 
Thailand (COA No. MURA2023/783).

RESULTS
Demographic data, Proportion of ONIHL, and 
noise level

The participants were 239 workers: 130 (54.4%) 
from Ramathibodi and 109 (45.6%) from Siriraj 
Hospital. There were 109 male workers (45.6%) 
and 130 female (54.4%). The age ranged from 22 
to 59 years old, with a mean (SD) of 41.4 (10.2). The 
average noise levels in work areas varied from 
55.6 to 87.2 dBA, with a median (Q1, Q3) of 78 (72.4, 
80.8). Years on the job ranged from 0 to 40, with 
a median (Q1, Q3) of 11 (6, 22). The participants 
by department are shown in Table 1. The propor-
tion of workers with ONIHL was 38.5% (29.2% in 
Ramathibodi and 49.5% in Siriraj Hospital).

The annual noise monitoring levels from the 
different departments had medians of 65.6 to 86.7 
dBA. The loudest areas were in the Engineering 
Service Department. Comparisons between the 
hospitals showed most departments had similar 
median noise levels, e.g., the Nutrition and the 
Central Sterile Supply Department. However, in 
the Prosthetics and Orthotics Unit, the noise levels 
were much higher in Siriraj Hospital (Table 2).

Characteristics of the risk matrix and risk scores
Regarding the probability (P), most participants  

were exposed to occupational noise levels less 
than 80 dBA (70.7%), followed by 80-84 dBA 
(24.3%) and 85-89 dBA (5.0%). Concerning con-
sequences (C) or self-reported health effects and  
injuries from noise exposure, most workers (38.5%) 

Table 1. Participants by departments of Ramathibodi and Siriraj Hospitals (N = 239)

Department

Participant number (%)

Total
(n = 239)

Ramathibodi
Hospital
(n = 130)

Siriraj
Hospital
(n = 109)

Engineering Service
Nutrition 
Central Sterile Supply
OR OB-GYN*

Prosthetics and Orthotics Unit
Laundry
Publishing
Medical Gas System Division
Total

12 (9.2)
20 (15.4)
23 (17.7)
23 (17.7)
2 (1.5)

50 (38.5)
-
-

130 (100.0)

-
8 (7.3)

63 (57.8)
-

22 (20.2)
2   (1.8)
8   (7.3)
6   (5.5)

109 (100.0)

12
28
86
23
24
52
8
6

*Obstetrics and Gynecology operating room
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Table 2. Medians of annual noise level (dBA) in work areas (8-hours TWA) of 
Ramathibodi and Siriraj Hospital between 2016 and 2023

Work areas

Noise level (dBA)

Ramathibodi
Hospital

Siriraj  
Hospital

1.  Engineering Service Department
Grinding room
Vacuum generator room
Chiller room
Boiler room

2.		Nutrition Department
Steam rice area
Dish washing area
Blenderized diet room

3.		Central Sterile Supply Department
Washing room
Oven room
After washing process area

4.		OR OB-GYN*

Instrument cleaning  room
5.		Prosthetics and Orthotics Unit
6.		Laundry Department

Washing area
Drying machine area
Cloth sewing unit

7.		Publishing Unit
Printing room

8.		Medical Gas System Division

70.2
86.7
85.6
79.6

77.1
80.4
76.6

81.7
78.6
75.1

74.9
65.6

78.8
-

78.8

-
-

	
-
-
-
-

-
78.6

-

84.5
-

75.5

-
81.5

81.3
80.0

-

83.0
77.0

*Obstetrics and Gynecology operating room
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Figure 1. Percentages of workers by dimension and level in the Risk Matrix Model
Probability of risk occurrence (P): 1, ‘less than 80 dBA’; 2,  ’80-84 dBA’; 3, ’85-89 dBA’; 4, ’90-94 dBA’; and 5, ‘more than 94 
dBA’. The consequence (C) or health effects and injuries from noise exposure: 1, ‘insignificant effects’; 2, ‘minor effects’; 3, 
‘moderate effects’; 4, ‘major effects’; and 5, ‘catastrophic effects’. The exposure time (E) or job years: (1, ‘<5 years’; 2, ‘5-9 
years’; 3, ’10-14 years’; 4, ’15-19 years’; and 5, ‘≥20 years’)

were classified as moderate (level 3), followed by 
insignificant (level 1) (31.4%). Finally, regarding 
exposure time (E), most participants had 20 or 
more years of on the job exposure (32.2%), fol-
lowed by 5-9 years (22.6%)  (Figure 1).

The calculated individual risk scores ranged 
from 1 to 60. The median score (Q1, Q3) was 8 (4, 15). 
The median risk scores by department are shown 
in Figure 2. The highest departmental risk scores 
were in the Laundry (Siriraj), the Engineering  
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Figure 2. Median risk scores by department
Ramathibodi Hospital: 1, Engineering Service; 2, Nutrition; 3, Central Sterile Supply; 4, Obstetrics and Gynecology operat-
ing room; 5, Prosthetics and Orthotics; 6, Laundry
Siriraj Hospital : 7, Nutrition; 8, Publishing; 9, Medical Gas System; 10, Laundry; 11, Central Sterile Supply; 12, Prosthetics 
and Orthotics

Figure 3. Proportion of individual risk level by department
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Service (Ramathibodi), and the Nutrition Depart- 
ment (Ramathibodi). Regarding individual risk 
levels, most of the workers were at level 3  
(moderate risk). The Engineering Service Depart-
ment (Ramathibodi) had the highest proportion 
of workers at level 4 (high risk), followed by the 
Nutrition Department (Ramathibodi) (Figure 3). 

Accuracy of the risk scores as a screening tool 
for ONIHL 

The AUC of the ROC curve for predicting ONIHL 
was 0.667 (95%CI: 0.60-0.74). The optimal cut-off 
value of risk scores to discriminate between the 
ONIHL group and the non-ONIHL was selected 
at eight, with a sensitivity of 65.2% and a specificity  
of 55.1%. Another candidate cut-off value was a 
score of nine, with a sensitivity of 62.0% and a 
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specificity of 63.9% (Supplement Table S4). How-
ever, the value of 8 is more suitable for practical 
use because a screening tool should have a sen-
sitivity higher than its specificity to effectively 
identify high-risk workers for PTA. Early detection 
of ONIHL is important for the prevention of per-
manent hearing damage (1). 

Risk score categorization (R) in the risk matrix 
model 

The new Risk categorization (R) or Risk level 
was developed (Supplement Table S5) based on 
simple logistic regression analysis and on previous 
studies (9, 15, 16). Most participants were at risk 
level 3 (40.2%), followed by risk level 1 (26.8%). No 
participants were at risk level 5 (Table 3).

DISCUSSION
This study is the first to use a risk matrix and 

risk scores as the screening tool for the risk of 
ONIHL. The AUC was 0.667, which implies satis- 
factory performance (17, 18).  At the cut-point score  
of eight, the sensitivity and specificity in pre- 
dicting ONIHL were moderate and could be used  
to prioritize high-risk workers who should undergo 
PTA. The screening process is relatively low cost 
and requires no special skill set, making it suitable  
for limited resource settings. Another benefit is as 
a warning to workers who have refused to attend 
PTA. However, this risk matrix model should be 
used together with the laws or recommendations 
of each country regarding hearing conservation 
programs, e.g., NIOSH revised noise exposure 
criteria (13), and Occupational Safety and Health 
Administration (OSHA) Standard Number 1910.95 
(Occupational noise exposure) (19).

The risk scores in this study were significantly  
lower than in another study at a metal cutting 

and welding center (9). In that study, risk scores 
ranged from 1 to 60, with a median (Q1, Q3) of 
8 (4, 15). In contrast to the present study, most 
metal workers had unacceptable risk scores (risk 
scores more than 75), with median risk scores in 
the welding and the cutting center of 28 and 76, 
respectively. The difference could be a result of 
the lower noise level in the work environment 
and shorter exposure time due to shorter median  
job duration in the cutting and welding center 
(11 years compared to 18 years at the hospitals). 
Nevertheless, half the participants in this study 
(53.1% of Ramathibodi and 52.3% of Siriraj parti- 
cipants) were at risk levels 3 and 4, considered 
moderate and high risk, respectively. The hospital 
workplaces in those institutions need to imple-
ment further preventive measures following the 
hierarchy of controls as soon as possible, espe-
cially for workers at high risk. Their existing hearing  
conservation programs should be revised and  
improved. The recommendations for risk level 3 
and above are similar to the study by Piňosová  
et al. (9), and are also applicable to other types of 
occupational hazards, e.g., chemical hazards in a 
study by Chaiklieng et al. (15).

It was noted that most workers with hearing 
loss (70 workers, or 76.2%) had been exposed to 
noise for 10 years or more and were classified 
as level 3 or higher for Exposure Time (E). This 
assigned risk category aligns with the fact that 
ONIHL development mostly occurred after 10 
years of noise exposure (3, 14).

This study had some limitations. First, the retro- 
spective nature of the study resulted in several  
issues. For example, recall biases could occur 
among participants with abnormal audiograms. 
Some workers could also have forgotten about 
the health effects of occupational noise exposure 

Table 3. Association between risk categories and proportion of participants with ONIHL by 
simple logistic regression

Risk score
Risk 
level

Odds ratio 
(95%CI)

p-value Probability
Frequency (%)

(N = 239)

1-4

5-7

8-17

18-64

1

2

3

4

-
1.74

(0.76-3.96)
2.14

(1.05-4.35)
8.98

(3.32-24.29)

-
0.190

0.035*

< 0.001*

-
0.50

0.67

0.89

64 (26.8)
49 (20.5)

96 (40.2)

30 (12.6)

*Statistically significant (p < 0.05)
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in the past which could have led to underreporting  
of symptoms. Moreover, most participants lacked 
baseline audiograms; therefore, excluding hearing 
loss from non-occupational causes was problem-
atical. Second, work arrangements could differ 
from regular eight-hour shifts during the study 
period. For example, some participants could have 
to work overtime or rotate to other worksites. 
Therefore, the occupational noise exposure level  
could deviate from the estimated value.  For workers  
who worked more than eight hours per day, the 
risk assessment might underestimate the risk, 
while those who worked less than the average 
might overestimate the risk category. Addition-
ally, this study used ambient noise monitoring in 
the workplace for exposure assessment which 
might not accurately represent individual exposure. 
Using personal noise dosimeter data in future 
studies could improve the exposure assessment.   
Third, some workers didn’t have confirmation 
audiograms after abnormal results, which could 
have led to overdiagnosis. However, the like 
lihood of a temporary threshold shift, the main 
cause of ONIHL misdiagnosis, was quite low because 
most workers were not exposed to loud noise for 
at least 12 hours before undergoing PTA (20). 

Finally, some departments in this study, such 
as the Laundry Department at Siriraj and the 
Prosthetics and Orthotics Units at Ramathibodi, 
had small sample sizes, which might not accu-
rately represent their actual risk. To improve the 
accuracy of the risk matrix screening tool, further 
studies should include a larger sample size and 
validate other settings.

CONCLUSIONS
The risk matrix to assess the risk of ONIHL was 

developed from three dimensional factors: prob-
ability, exposure, and concentration. The risk 
matrix can predict the risk of hearing loss with 
moderate accuracy and could help warn workers 
exposed to loud noise in the workplace. It should 
be used to screen and prioritize high-risk workers  
who should undergo pure tone audiometry in 
settings with limited resources as a means of 
promoting early detection of ONIHL and further 
noise control.
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 P (probability of risk occurrence): the central value (median) of all annual 

noise levels as 8-hour TWA in the workplaces (Table S1.) 

Table S1. Probability of risk occurrence (P) 

Probability Value Noise level 

(dBA) 

Description of probability 

Rare 1 < 80 The likelihood of risk occurrence is 

nearly eliminated. 

Unlike 2 80-84 Risk occurrence is improbable but 

feasible. 

Possible 3 85-89 Risk occurrence is likely (occurs 

intermittently). 

Likely 4 90-94 Risk occurrence is highly likely. 

Almost 

certain 

5 > 94 The danger of risk occurrence is 

highly likely. 

 

  



C (consequence or severity of the risk):  the most severe health effects and 

injuries from occupational noise exposure, obtaining from the questionnaire 

(Table S2) 

 
Table S2. Consequence or severity of the risk (C) 

Level Value Description of health effects and injuries 

Insignificant 1 No compliant the impact of loud noise 

Minor 2 Mild concentration difficulties, palpitation, fatigue, 

mild to moderate distress during work 

Moderate 3 Headache, dizziness, temporary hearing loss, severe 

distress during work, severe concentration difficulties, 

mild muscle pain/spasm, tinnitus, mild to moderate 

communication problems 

Major 4 Serious communication problems, severe sleeping 

disturbances, moderate to severe muscle pain/ 

spasm, injury at noisy work with day off < 3 days   

Catastrophic 5 Injury at noisy work with day off ≥3 days   

 

  



 E (exposure time): job years in the current work areas (Table S3) 

Table S3. Exposure time (E) 

Exposure Level Value Time [year] 

Negligible exposure time 1 0-4 

Significant exposure time 2 5-9 

High exposure time 3 10-14 

Very high exposure time 4 15-19 

Excessive exposure time 5 ≥ 20 

 

  



Table S4. Performance of Risk matrix scores (screening tool) through the 

comparison of cut-off value in identifying workers at risk for ONIHL 

Cut-off Value Sensitivity Specificity 

≥ 1 100% 0% 

≥ 2 97.8% 6.1% 

≥ 3 95.7% 15.7% 

≥ 4 85.9% 24.5% 

≥ 5 83.7% 33.3% 

≥ 6 73.9% 42.2% 

≥ 8 65.2% 55.1% 

≥ 9 62.0% 64.0% 

≥ 10 58.7% 70.1% 

≥ 12 52.2% 72.8% 

≥ 15 39.1% 82.3% 

≥ 16 28.3% 92.5% 

≥ 18 23.9% 94.6% 

≥ 20 23.9% 95.2% 

≥ 24 16.3% 96.6% 



Cut-off Value Sensitivity Specificity 

≥ 30 10.9% 98.0% 

≥ 32 5.4% 99.3% 

≥ 40 5.4% 100% 

≥ 50 3.3% 100% 

≥ 60 2.2% 100% 

 

  



Table S5. Newly developed Risk score categories (R) in the Risk Matrix model 

Risk level 
Risk 

Scores 

Risk 

Category 
Action 

Acceptable 1-4 1 No action required. 

Low 5-7 2 No supplementary controls 

required. Monitoring 

required to ensure the 

maintenance of controls 

including annual noise level 

monitoring 

Moderate 8-17 3 Necessary to take preventive 

measures to reduce the risk 

including annual hearing 

monitoring 

High 18-64 4 Necessary to take preventive 

measurements very soon to 

reduce the risk as well as 

risk level 3 



Very high 

(Unacceptable) 

65-125 5 The work must be stopped 

until the elimination of the 

risk. 

 

Departments with workers with the risk level 2 and above should have 

annual noise level monitoring. Moreover, departments with workers with risk 

level 3 and above should have both the preventive measurements and the annual 

PTA. Nevertheless, the risk matrix should be used together with each country's 

occupational health and safety laws and regulations. 
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 ABSTRACT

OBJECTIVE Microglia, immune cells that dwell in the brain, have essential 
functions in neurodevelopment and are responsible for synaptic pruning, 
neuronal circuit creation, and inflammatory responses. Disrupted micro-
glial activity can contribute to conditions such as autism spectrum disor-
ders, schizophrenia, and ADHD by impacting the health and connections 
of neurons through the production of pro-inflammatory cytokines. These 
cells, which arise during central nervous system (CNS) development and 
have the ability to regenerate themselves throughout an individual’s 
lifespan, display considerable functional variation. Microglia, which have 
traditionally been known for their immunological functions, also play a 
role in regulating neurodevelopmental processes such as programmed 
synaptogenesis, synaptic pruning and cell death. Recent genetic and pre-
clinical research indicates that abnormalities in microglial activity can  
result in a range of neurological health, varying in intensity from moderate 
to severe. The critical function of microglia in the development of the 
CNS is determined by their interactions with neurons and other glial cells,  
that have an impact on the structure of synapses and on the formation of 
new neurons. This review aims to fill gaps in earlier research by exam-
ining the diverse nature of microglial cells and their crucial functions in 
the development of the nervous system. It specifically focuses on current 
discoveries related to the rearrangement of synapses, the regeneration of 
neurons, and the impact of environmental stimuli. Comprehending these 
interactions is essential for creating precise treatments for neurodevelop- 
mental diseases, emphasizing the necessity for ongoing investigation 
into microglial processes and measures to reduce their negative impact on 
brain development.

 KEYWORDS  microglia in synaptic; neural regeneration, neurodevelop- 
 mental disorders, environmental changes and brain development
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INTRODUCTION
Microglia, which are highly motile and attentive 

macrophages located in the brain, constitute a 
substantial percentage of neuroglia in the central 
nervous system (CNS). These cells, which are 

created during the formation of the CNS, have 
the ability to renew themselves throughout an 
animal’s lifespan, therefore sustaining their num-
bers in healthy tissues (1). Microglia are primarily  
recognized for their immunological tasks, including 
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the removal of pathogens and debris by phagocy-
tosis, as well as their involvement in inflammatory  
responses during neurodegenerative illnesses. 
However, they also have essential roles in the for-
mation, maintenance, and restoration of the CNS 
(2).  Microglia, which are important regulators of 
the brain’s microenvironment, display molecular 
and state-specific functional diversity across the 
CNS. Our comprehension of this variability is now 
in its nascent phase. The lack of healthy microglia 
can lead to a variety of repercussions, ranging 
from minor dysregulation of microglial status to 
severe pediatric-onset  leukoencephalopathy, as 
shown by recent findings from human genetic 
studies and preclinical (3). During steady condi-
tions, microglia serve as the main immune cells in 
the CNS. These myeloid cells, known as macro- 
phages, have a role in several processes inside 
the CNS, such as regulating inflammation, com-
bating infections, and eliminating cellular waste 
through phagocytosis (4). In addition to their 
conventional functions, current studies have 
emphasized the significance of microglia in intri-
cate neurodevelopmental processes. Throughout 
these processes, their phagocytic and signalling 
functions play a crucial role in 1) controlling pro-
grammed cell death to determine the destiny of 
neurons, 2), stimulating the growth of neurites, 
the formation of synapses, and the bundling of 
axons, and 3) removing surplus synapses from 
developing neurons to facilitate the creation of 
functional neural circuits. Microglia originate 
uniquely, enabling them to occupy a specific niche 
as resident macrophages in an area that is usually 
considered immune-privileged. Research on the 
origins of microglia has demonstrated that they 
mostly come from yolk-sac erythromyeloid pro-
genitors (5). These progenitors migrate to the  
developing neuroepithelium and settle in the CNS. 
Despite the prior assumption that macrophages 
may change their gene expression in response to 
their surroundings, bone marrow-derived mac-
rophages (BMDMs) do not acquire the same gene 
expression profile as microglia when they enter 
the brain tissue (6). In mice, microglia have been 
eliminated by using diphtheria toxin under the 
CX3CR1 promoter and by blocking the CSF-1 recep-
tor, which is necessary for microglial survival and 
is also found in other macrophages (7). Manipulating  
microglia makes them a great target for studying 

the etiology of neurodevelopmental diseases.  
Microglia, the macrophages that live in the CNS, 
are recognized for their functions in combating 
infection, eliminating cellular waste, and preserving 
tissue equilibrium. In addition to their conven-
tional immune roles, microglia also participate in 
complex neurodevelopmental processes, including  
neurogenesis and synaptic pruning (8). During 
these activities, glial cells engage in interactions 
with neurons and other glial cells offer nourishing 
support, react to cytokine and metabolic signals 
from the nearby neural environment, and assist 
in refining functioning neuronal circuits. Microglia,  
the immune cells that live in the CNS, which in-
cludes the brain, spinal cord, and retina, were 
initially identified as innate immune cells respon-
sible for protecting against bacterial and viral  
invasions inside the CNS (9). Microglias were ini- 
tially believed to predominantly participate in 
pathological circumstances such as aging, chronic  
stress, and Alzheimer’s disease by facilitating 
neuroinflammatory processes. Although several  
activities of microglia in the adult brain have been 
identified, there has been very limited study on 
their roles in the embryonic brain (10). These 
cells move around a lot in the developing brain 
wall and interact with nearby neural lineage cells 
(neural progenitors and mature neurons) and 
vascular endothelial cells. Microglia engage in 
extensive patrolling to carry out many activities 
during the processes of neurogenesis and vascu-
lar formation in development (11).

THE ROLE OF MICROGLIA IN SYNAPTIC 
RECONFIGURATION

Microglia have a crucial role in building func-
tioning neuronal circuits by exerting influence on 
synaptogenesis, synapse development, and syn-
aptic activity. Recent research has shown novel 
ways in which microglia influence the functioning  
of synapses in different cellular, geographical, 
and temporal situations.  For instance, in prenatal  
animals lacking microglia, certain neocortical 
Lhx6+ inhibitory interneurons may not be appro-
priately situated in the lamina, which is essential 
for the functioning of the circuit (12). Microglia 
have the ability to directly contact the dendrites of  
pyramidal neurons in the somatosensory cortex. 
This interaction leads to the deposition of actin 
and an increase in calcium ion transients. As a  
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result, it promotes the production of filopodia and 
spines (13). The number of spines and the develop-
ment of excitatory synapses are reduced by phar-
macologically inhibiting microglia. In addition to 
this intricate nature, the reduction of microglia 
in adult mice results in a rise in the quantity of 
synapses and intensifies the functioning of both 
excitatory neurons and inhibitory parvalbumin in-
terneurons in the visual cortex (14). The apparent 
inconsistencies in these findings highlight the 
significance of examining the variations in time 
and space of microglia during their maturation.  
The reciprocal interplay between microglia and 
neurons is an additional key element in regulating  
synaptic activity. Adolescent mice have hippocam- 
pal neurons that become active and release Il33 
(15). This Il33 then causes microglial cells to 
change the structure of their spines and engulf 
the extracellular matrix. As a result, the frequency  
of excitatory postsynaptic currents increases. 
Further research, utilizing different genetically 
modified mouse models to disturb the balance of 
microglial cells throughout the development of 
the CNS, has shown that microglia have a crucial 
function in inhibiting neuronal activity in a way 
that is reliant on ATP to prevent excessive activa-
tion and seizures (16). These investigations indicate  
that the process of synaptic pruning by microglia 
has a function in protecting the neurons. Reactive 
microglia in adult mice physically damage inhib-
itory presynaptic terminals in the somata of cor-
tical neurons. Microglia controls the formation 
and modification of synapses in both normal and 
diseased conditions through several processes, 
which are determined by their specific cellular, 
geographical, and temporal contexts. Glial biolo- 
gists have shown that microglia have important 
functions in the development of the brain, espe-
cially at the key periods when synaptic pruning 
occurs in areas like the retinogeniculate system 
and the hippocampus (17). Studies on microglia in 
the retinogeniculate system have resulted in the 
formulation of a “punishment model.” This model 
proposes that neuronal synapses that are weaker  
or less functioning do not provide a defensive 
chemical signal, rendering them vulnerable to 
being swallowed by microglia. Phagocytic cells 
eliminate less robust synapses in order to build 
efficient synaptic circuits. Through ongoing im-
provements, this model has become more precise. 

Recent research suggests that microglia, under 
the influence of interleukin-33 (IL-33) released 
by astrocytes, also play a role in synaptic pruning  
in the reticular thalamic nucleus and in the hippo- 
campus (18). Microglia can be considered a hetero- 
geneous population in vivo due to the impact of 
environmental signals on macrophage activity and 
the distinct molecular environments of various areas  
within the CNS. Hence, a comprehensive method  
for comprehending glial-glial and neuronal-glial  
communication is insufficient. Microglial traits, 
including their morphological complexity, motility, 
electrical properties, and transcriptional profiles, 
differ depending on their location. It is hypothe-
sized that deficiencies in synaptic pruning have a 
role in illnesses such as autism spectrum disorder  
(ASD) and schizophrenia (19). These disorders are  
characterized by either excessive or insufficient  
connections in areas such as the amygdala, pre- 
frontal cortex, and components of the default 
mode network. Neuronal dopaminergic signalling 
plays a crucial role in reward-seeking and social 
behavior. In adolescent male rats, a lack of micro- 
glial clearance of (Dopamine Receptor D1 has been  
associated with decreased social play and explo-
ration. This suggests that microglia are involved 
in behavioral outcomes via refining synaptic con-
nections.

MICROGLIA’S ROLE IN NEURAL REGEN-
ERATION PROCESSES

Microglia are thought to have a vital role in 
neurogenesis, which encompasses the process of 
precursor cells transforming and developing into 
neurons. These cells play a crucial role in removing 
waste material, which is important because of the 
programmed cell death that occurs during the 
formation of new neurons (20). Studies investi-
gating the involvement of microglia in the pro-
cess of neurogenesis commonly utilize laboratory 
techniques conducted outside of a living organism  
or focus on the development of new neurons in 
adult organisms. This is due to the challenges 
associated with researching embryonic systems. 
Published reports have shown that microglia play a  
crucial role in important elements of neurogenesis  
by engaging in phagocytosis and signalling acti- 
vities, as well as by regulating inflammation with-
in the central nervous system. It is postulated  
that disturbances to the microglial transcriptome, 



Pushpalatha K, et al.

170		  Biomedical Sciences and Clinical Medicine 2025;64(2):167-175.

particularly decreased phagocytic activity, may 
impede synaptic refinement or support for neuro- 
genesis, perhaps resulting in aberrant synaptic  
connections or alterations in the survival of migra- 
tory neuroblasts (21). Recent research has empha-
sized important connections between microglia 
and (Neural precursor cells) NPCs, which have 
a considerable impact on neurogenesis and the 
general development of the brain in vertebrates.  
Microglia control the process of generating new 
neurons during brain growth in different parts 
of the brain by engulfing and digesting cellular 
debris. Microglia in the subgranular zone engulf 
apoptotic neuroblasts during the early postnatal 
period in order to regulate their incorporation 
into hippocampal circuits. While the specific pro-
cesses behind microglial selection of NPC phago-
cytosis remain unclear, a growing amount of data 
suggests that microglial released substances have 
a role in controlling NPCs and neurogenesis to 
facilitate brain growth. When murine NPCs are 
cultivated in isolation, they lose the capacity to 
generate specialized neuroblasts  (22). However, 
this ability is regained when they are cultured 
along with microglia or are exposed to a medium 
conditioned by microglia. These findings demon-
strate how microglia regulate the formation of 
NPCs and neurogenesis through both phagocytic  
and secretory processes. Further investigation  
into the reciprocal communication mechanisms,  
whether by secretion or other means, that are 
involved in phagocytosis will provide a clearer  
understanding of the intricate connections be-
tween NPCs and microglia throughout the develop 
ment of the nervous system.  Reactivating microglia  
in the retina has been shown to results in a limited 
recovery of neurogenesis. Recent research has 

demonstrated that microglial processes form 
distinct connections with the cell bodies of 
growing neurons during the embryonic, early  
postnatal, and adult phases of neurogenesis (23). 
The interaction between microglia and imma-
ture neurons in the growing brain and the impact 
of these interactions on the complexity of neural  
networks in the adult brain exists. Additional  
investigation is required to elucidate the exact  
cellular communication channels by which mi-
croglia influence neuronal growth and the estab-
lishment of neural networks. (Figure 1)

MICROGLIA AND THEIR CONTRIBUTION 
TO NEURODEVELOPMENTAL DISORDERS

Although there is evidence of sexual dimor-
phism in adult microglia and variations in micro-
glial activity depending on sex, it is still unclear 
whether genetic sex differences or sex hormones 
have an impact on microglial specifications.  
Studying the impact of gender on microglia is 
essential for comprehending the gender-related 
prejudices that play a role in different neurode-
velopmental and neurodegenerative illnesses  (24). 
External variables can have a substantial impact 
on the maintenance of microglial homeostasis. 
Gut-brain interactions have an impact on the 
states and activities of microglia. Prenatal mice 
that are reared in germ-free surroundings exhibit 
changes in the growth and maturation of micro-
glia which differ depending on the sex and brain 
area (25). The ingestion of omega-3 fatty acids by 
the mother is crucial for the development of the 
hippocampus in children. This growth is aided  
by the process of microglial phagocytosis.  A new 
study has discovered a distinct subgroup of micro- 
glia in mice called capillary-associated microglia.  

Figure 1. Role of microglia in the neural regeneration processes
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These microglia are found along brain capillaries  
and have a role in controlling vasodilation and 
blood flow (26). Microglia can enhance vessel 
sprouting in murine aortic ring cultures by re-
leasing secreted factors. The involvement of  
microglia in embryonic angiogenesis is intricate 
and encompasses several processes, presenting 
numerous opportunities for future exploration of 
the interactions between microglia and endothelial  
cells in neurodevelopment. Early-life infections 
and inflammation can disturb delicate neurode-
velopmental processes, leading to developmental 
impairments seen in neurological illnesses such 
as autism spectrum disorders (ASD) and schizo-
phrenia (27). Investigations investigating of the 
function of microglia in neurogenesis frequently 
depend on in vitro techniques or examinations of 
adult neurogenesis, mostly because of challenges  
associated with embryonic systems. Research 
has demonstrated that the pro-inflammatory 
cytokine IL-6 is significantly involved in causing 
neurodevelopmental impairments. When IL-6 is 
administered alone, it can lead to the development  
of pathological conditions. However, the negative 
effects of maternal immune activation (MIA) can 
be reduced by using IL-6 neutralizing antibodies 
(28).  Although MIA has its difficulties and restric-
tions, it is a valuable tool for investigating the 
immune-related origins of neurodevelopmental 
diseases until more efficient developmental neu-
roimmunological models are established. Recent 
meta-analyses have demonstrated a male sex 
bias in both ASD and schizophrenia (29). These 
conditions can be replicated in rats. Behavioural 
assessments conducted in these animal models 
primarily evaluate characteristics associated with 
ASD or schizophrenia, including ultrasonic vocali- 
zations, social interactions, repetitive behaviors, 
and anxiety. The diagnostic criteria for schizo-
phrenia are hallucinations, delusions, disordered 
speech, and catatonia. Although MIA mice have 
some characteristics associated with autism, 
such as impairments in social interaction, com-
munication, and repetitive activities, it is difficult 
to apply these results to more intricate neuro-
logical illnesses. However, MIA remains a helpful 
method for studying the immune-related causes 
of neurodevelopmental disorders.

EFFECTS OF ENVIRONMENTAL CHANGES 
ON MICROGLIAL ACTIVITY

A recent study suggests that elevated mater-
nal inflammation during pregnancy is associat-
ed with diverse psychosocial consequences in 
children throughout their life. Research using 
direct measures of inflammatory activation has 
established a link between maternal infection ex-
posure during pregnancy and an increased like-
lihood of children having mental disorders, in-
cluding autism, schizophrenia, bipolar disorder, 
and major depressive disorder. Mouse models of 
maternal inflammation generated by LPS treat-
ment was used to uncover alterations in gene ex-
pression in newborn microglia in comparison to 
control groups treated with saline. According to 
the study conducted  on the impact of the pres-
ence of harmful substances in the environment 
and socioeconomic circumstances experienced 
during pregnancy found that they resulted in 
long-lasting behavioral problems and alterations 
in brain network activity associated with social 
interactions in male offspring (30). These effects 
were linked to the disrupted process of microglial  
synapse pruning. Nasu-Hakola disease (NHD), 
characterized by early-onset cognitive dementia, 
is associated with the absence of a functioning 
Trem2 signaling pathway, highlighting the signifi- 
cance of microglial activity in brain development 
(31). Moreover, new research has linked maternal 
environmental variables, such as viral or bacterial  
infections, atypical immunological responses, and  
dietary circumstances, to anomalous fetal brain 
development and neurological problems in chil-
dren.  For instance, when pregnant mice were 
administered poly(I) on day 12.5 of their preg-
nancy, microglia in the brains of the fetuses from 
day 16 showed a notably increased production of 
IL-6 compared to microglia from control mice 
that were not treated  (32). In order to reduce 
the likelihood of neurological diseases in children 
that are linked to inflammation in the mother, 
further investigation is required to comprehend 
the effects of MIA and environmental elements 
on fetal microglia. The chromatin alterations and 
enhancer selections in tissue microenvironments 
have an impact on the transcriptional control of 
local microglial phenotypes. Although there is 
evidence of sexual differences in adult microglia 
and variations in their behavior depending on sex, 
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external variables may be important in preserving 
microglial homeostasis, e.g., the way stomach and 
brain communication affects the states and acti- 
vities of microglia. In particular, prenatal mice 
that are germ-free have compromised growth 
and maturation of microglia, with variations seen 
based on sex and brain location. Furthermore, it 
is crucial for human mothers to consume omega-3 
fatty acids in order to promote the growth of the 
hippocampus in their children. This development 
is assisted by the process of microglial phagocy-
tosis, as stated. Various studies have examined 
other environmental elements that may impact 
microglial homeostasis (33).

MICROGLIAL CONTRIBUTIONS TO BRAIN 
DEVELOPMENT

Microglia, driven by their geographical and 
temporal diversity, have a crucial impact on the 
formation of the developing brain. They promote 
brain growth and regulate homeostasis by engag-
ing in complex interactions with many types of 
brain cells, both neuronal and non-neuronal (34). 
Microglia have a role in several elements of blood 
vessel generation throughout the development of 
the CNS. Microglia have been observed in close 
proximity to recently developed blood vessels in 
both animal models and people, as shown by initial  
imaging investigations (35). NPCs play a crucial role  
in the production of both neurons and several  
types of glial cells (36). The initial examination 
of microglia during typical development and 
their subsequent participation in cell death in 
mice and birds emphasized their function in 
molding the developing CNS. Additional investi- 
gation employing inducible genetic targeting 
methods would be beneficial in validating these 
findings, considering the current limited com-
prehension of the efficacy and permeation of 
inhibitory antibodies in brain tissue during em-
bryonic and postnatal periods. While the pre-
cise processes behind microglial phagocytosis of 
NPCs remain incompletely understood, mounting  
evidence suggests that substances produced by 
microglia play a vital role in regulating NPCs and 
neurogenesis, hence promoting brain growth. 
Murine NPCs undergo a loss of neuroblast pro-
duction when grown alone. However, this capacity 

may be regained by co-culturing the NPCs with 
microglia or microglial-conditioned medium. 
Microglial colonization and mobility rely heavily  
on blood vessels, whereas microglia, in turn, aid in  
the creation of blood vessels. The proper growth 
of retinal blood vessels relies on the presence of 
a substantial number of resident microglia. In 
mouse models of ischemic retinopathy, a drop in  
microglia is found along with the typical decline 
in vasculature throughout the postnatal period 
(37). Furthermore, research has demonstrated  
that at the 15th week of gestation, when the de-
velopment of retinal blood vessels is just com-
mencing from the optic disc, in the human  
embryonic retina microglia may be found 
throughout the whole retinal surface (38).  Studies 
of the brain during the neonatal and adult stages 
have shown that microglia are involved in several 
aspects of vascular development, such as extending 
blood vessels, creating branches and regulating 
their width, promoting blood flow circulation, 
and maintaining the integrity of the blood-brain 
barrier. But, there is a scarcity of studies about 
the role of microglia in the developing brain during 
the embryonic stage (39).  Studying microglial 
activity during this early period might offer valu- 
able information on the effects of abnormally 
active microglia on the development and func-
tion of blood vessels in the fetal brain (Figure 2).  
Research on microglia in neurodevelopmental 
disorders, including ASD and schizophrenia, has 
increasingly highlighted the therapeutic potential 
of targeting microglial dysfunction. Studies have 
revealed that aberrant microglial activity can dis-
rupt synaptic pruning, brain connectivity, and 
neuroinflammation, all contributing to disease 
pathology. Clinical trials are currently exploring 
microglia-modulating drugs, such as minocycline 
and other anti-inflammatory agents, to address 
these disruptions. For example, a 2022 pilot study 
on minocycline in ASD patients showed reduced 
inflammatory markers and improved behavioral 
symptoms in 30% of participants (40).  Long-term 
clinical data are needed, but initial results sup-
port the viability of precision-targeted therapies 
in managing symptoms, promoting neuroprotec-
tion, and minimizing side effects in neurodevelop- 
mental disorders.
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CONCLUSIONS
Microglia play a crucial role in the growth, up-

keep, and restoration of the CNS. They perform a 
diverse range of tasks, including immunological  
responses and the regulation of neurodevelop-
mental processes. The diverse functionality of 
microglia, influenced by molecular and environ-
mental variables, highlights the intricate nature of 
their significance in the CNS. The current review  
highlights the significant influence of microglial  
dysregulation on neurological well-being, esta- 
blishing a connection between it and illnesses 
such as ASD, schizophrenia, and other neurode-
velopmental disorders. Moreover, the interplay 
between microglia and external stimuli, such as 
maternal inflammation and nutritional variables, 
elucidates the wider framework within which 
these cells function. Future research should pri-
oritize the investigation of the precise processes 
by which microglial cells function and interact 
with other cells in the CNS. 

ACKNOWLEDGMENTS
None.

FUNDING
This research received no specific grant from 

any funding agency in the public, commercial, or 
not-for-profit sectors.

CONFLICTS OF INTEREST
The authors have no conflicts of interest to 

report.

ADDITIONAL INFORMATION
Author contributions

P.L.: conceptualization; D.S.K., P.V.: data cura-
tion;  S.B.: writing—draft preparation;  S.D.: orig-
inal draft preparation, review and editing; D.S.K.: 
supervision.

REFERENCES
	 1.	 Lannes N, Eppler E, Etemad S, Yotovski P, Filgueira 

L. Microglia at center stage: a comprehensive re-
view about the versatile and unique residential mac-
rophages of the central nervous system. Oncotarget. 
2017;8:114393. PubMed PMID: 29371994

	 2.	 Yanuck S. Microglial phagocytosis of neurons: dimin-
ishing neuronal loss in traumatic, infectious, inflam-
matory, and autoimmune CNS disorders. Front Psy-
chiatry. 2019;10:712. PubMed PMID: 31632307

	3.	 Oosterhof N, Chang I, Karimiani E, Kuil L, Jensen D, 
Daza R, et al. Homozygous mutations in CSF1R cause 
a pediatric-onset leukoencephalopathy and can re-
sult in congenital absence of microglia. Am J Hum 
Genet. 2019;104:936-47.

	 4.	 Yu F, Wang Y, Stetler A, Leak R, Hu X, Chen J. Phago-
cytic microglia and macrophages in brain injury and 
repair. CNS Neurosci Ther. 2022;28:1279-93.

	 5.	 Gomez Perdiguero E, Klapproth K, Schulz C, Busch K, 
Azzoni E, Crozet L, et al. Tissue-resident macrophag-
es originate from yolk-sac-derived erythro-myeloid 
progenitors. Nature. 2015;518:547-51.

	6.	 Kawanishi S, Takata K, Itezono S, Nagayama H, 
Konoya S, Chisaki Y, et al. Bone-marrow-derived 
microglia-like cells ameliorate brain amyloid pathol-
ogy and cognitive impairment in a mouse model of 
Alzheimer’s disease. J Alzheimers Dis. 2018;64:563-85.

	 7.	 Kitic M, See P, Bruttger J, Ginhoux F, Waisman A. Novel  
microglia depletion systems: a genetic approach 
utilizing conditional diphtheria toxin receptor ex-
pression and a pharmacological model based on the 
blocking of macrophage colony-stimulating factor 1 

Figure 2. Microglial contributions



Pushpalatha K, et al.

174		  Biomedical Sciences and Clinical Medicine 2025;64(2):167-175.

receptor. In: Ginhoux F, editor. Microglia: Methods 
and Protocols. New York: Springer; 2019. p. 217-30.

	8.	 Mordelt A, de Witte L. Microglia-mediated synap-
tic pruning as a key deficit in neurodevelopmen-
tal disorders: Hype or hope?. Curr Opin Neurobiol. 
2023;79:102674. PubMed PMID: 36657237

	9.	 Lisak R, Benjamins J, Bealmear B, Nedelkoska L, Yao 
B, Land S, et al. Differential effects of Th1, monocyte/
macrophage and Th2 cytokine mixtures on early gene 
expression for glial and neural-related molecules in 
central nervous system mixed glial cell cultures: 
neurotrophins, growth factors and structural pro-
teins. J Neuroinflammation. 2007;4:30. PubMed PMID: 
18088439

	10.	 Gray S, Kinghorn K, Woodling N. Shifting equilibri-
ums in Alzheimer’s disease: The complex roles of mi-
croglia in neuroinflammation, neuronal survival and 
neurogenesis. Neural Regen Res. 2020;15:1208-19.

	11.	 Elmore M, Najafi A, Koike M, Dagher N, Spangenberg 
E, Rice RA, et al. Colony-stimulating factor 1 receptor 
signaling is necessary for microglia viability, unmask-
ing a microglia progenitor cell in the adult brain. Neu-
ron. 2014;82:380-97.

	12.	 Squarzoni P, Oller G, Hoeffel G, Pont-Lezica L, Ros-
taing P, Low D, et al. Microglia modulate wiring of the 
embryonic forebrain. Cell Rep. 2014;8:1271-9.

	13.	 Delatour L, Yeh P, Yeh H. Prenatal exposure to eth-
anol alters synaptic activity in layer V/VI pyramidal 
neurons of the somatosensory cortex. Cereb Cortex. 
2020;30:1735-51.

	14.	 Liu YJ, Spangenberg EE, Tang B, Holmes TC, Green 
KN, Xu X. Microglia elimination increases neural cir-
cuit connectivity and activity in adult mouse cortex. J 
Neurosci. 2021;41:1274-87.

	15.	 Wang Y, Fu W, Cheung K, Hung KW, Chen C, Geng H, 
et al. Astrocyte-secreted IL-33 mediates homeostat-
ic synaptic plasticity in the adult hippocampus. Proc 
Natl Acad Sci U S A. 2021;118(1):e2020810118. PubMed 
PMID: 33443211

	16.	 Badimon A, Strasburger H, Ayata P, Chen X, Nair A, 
Ikegami A, et al. Negative feedback control of neu-
ronal activity by microglia. Nature. 2020;586:417-23.

	17.	 Paolicelli R, Bolasco G, Pagani F, Maggi L, Scianni M, 
Panzanelli P, et al. Synaptic pruning by microglia is 
necessary for normal brain development. Science. 
2011;333:1456-8.

	18.	 Vainchtein I, Chin G, Cho FS, Kelley KW, Miller JG, 
Chien EC, et al. Astrocyte-derived interleukin-33 
promotes microglial synapse engulfment and neural 
circuit development. Science. 2018;359:1269-73.

	19.	 Eltokhi A, Santuy A, Merchan-Perez A, Sprengel R. Glu-
tamatergic dysfunction and synaptic ultrastructural 
alterations in schizophrenia and autism spectrum dis-
order: Evidence from human and rodent studies. Int J 
Mol Sci. 2020;22:59. PubMed PMID: 33374598

20.	 Aarum J, Sandberg K, Haeberlein S, Persson M. Mi-
gration and differentiation of neural precursor cells 
can be directed by microglia. Proc Natl Acad Sci U S 
A. 2003;100:15983-8.

21.	 Fu R, Shen Q, Xu P, Luo J, Tang Y. Phagocytosis of 
microglia in the central nervous system diseases. Mol 
Neurobiol. 2014;49:1422-34.

22.	 Baudry M, Yao Y, Simmons D, Liu J, Bi X. Postnatal 
development of inflammation in a murine model of 
Niemann-Pick type C disease: Immunohistochemical 
observations of microglia and astroglia. Exp Neurol. 
2003;184:887-903.

23.	 Cserep C, Schwarcz AD, Posfai B, Laszlo Z, Kellermay-
er A, Kornyei Z, et al. Microglial control of neuronal 
development via somatic purinergic junctions. Cell 
Rep. 2022;40:111369. PubMed PMID: 36130488

24.	 Villa A, Della Torre S, Maggi A. Sexual differentiation 
of microglia. Front Neuroendocrinol. 2019;52:156-64.

25.	 Hui C, St-Pierre A, El Hajj H, Remy Y, Hébert S, Lu-
heshi G, et al. Prenatal immune challenge in mice 
leads to partly sex-dependent behavioral, microglial, 
and molecular abnormalities associated with schiz-
ophrenia. Front Mol Neurosci. 2018;11:13. PubMed 
PMID: 29472840

26.	 Madore C, Leyrolle Q, Morel L, Rossitto M, Green-
halgh A, Delpech J, et al. Essential omega-3 fatty 
acids tune microglial phagocytosis of synaptic ele-
ments in the mouse developing brain. Nat Commun. 
2020;11:6133. PubMed PMID: 33257673

27.	 Nakagawa Y, Chiba K. Involvement of neuroinflam-
mation during brain development in social cognitive 
deficits in autism spectrum disorder and schizophre-
nia. J Pharmacol Exp Ther. 2016;358:504-15.

28.	 Han V, Patel S, Jones H, Dale R. Maternal immune ac-
tivation and neuroinflammation in human neurode-
velopmental disorders. Nat Rev Neurol. 2021;17:564-79.

29.	 Santos S, Ferreira H, Martins J, Gonçalves J, Castelo- 
Branco M. Male sex bias in early and late onset neu-
rodevelopmental disorders: Shared aspects and differ-
ences in autism spectrum disorder, attention deficit/
hyperactivity disorder, and schizophrenia. Neurosci Bi-
obehav Rev. 2022;135:104577. PubMed PMID: 35167846

30.	 Block C, Eroglu O, Mague S, Smith CJ, Ceasrine A, 
Sriworarat C, et al. Prenatal environmental stressors 
impair postnatal microglia function and adult behav-
ior in males. Cell Rep. 2022;40 :111161. PubMed PMID: 
35926455

31.	 Ohgidani M, Kato T, Setoyama D, Sagata N, Hashimo-
to R, Shigenobu K, et al. Direct induction of ramified 
microglia-like cells from human monocytes: dynamic 
microglial dysfunction in Nasu-Hakola disease. Sci 
Rep. 2014;4:4957. PubMed PMID: 24825127

32.	 Katoh Y, Iriyama T, Yano E, Sayama S, Seyama T, Ko-
tajima-Murakami H, et al. Increased production of 
inflammatory cytokines and activation of microglia in 
the fetal brain of preeclamptic mice induced by an-
giotensin II. J Reprod Immunol. 2022;154:103752. Pu-
bMed PMID: 36202022

33.	 Laye S, Nadjar A, Joffre C, Bazinet R. Anti-inflamma-
tory effects of omega-3 fatty acids in the brain: physi-
ological mechanisms and relevance to pharmacology. 
Pharmacol Rev. 2018;70:12-38.

34.	 Greter M, Merad M. Regulation of microglia develop-



Microglia and neurodevelopmental disorders

Biomedical Sciences and Clinical Medicine 2025;64(2):167-175. 		  175

ment and homeostasis. Glia. 2013;61:121-7.
35.	 Matcovitch-Natan O, Winter D, Giladi A, Vargas Agu-

ilar S, Spinrad A, Sarrazin S, et al. Microglia develop-
ment follows a stepwise program to regulate brain 
homeostasis. Science. 2016;353:aad8670. PubMed 
PMID: 27338705

36.	 Martínez-Cerdeño V, Noctor S. Neural progenitor 
cell terminology. Front Neuroanat. 2018;12:104. Pu-
bMed PMID: 30574073

37.	 Ritter MR, Banin E, Moreno S, Aguilar E, Dorrell M, 
Friedlander M. Myeloid progenitors differentiate into 
microglia and promote vascular repair in a model of 
ischemic retinopathy. J Clin Invest. 2006;116:3266-76.

38.	 Checchin D, Sennlaub F, Levavasseur E, Leduc M, 
Chemtob S. Potential role of microglia in retinal blood 
vessel formation. Invest Ophthalmol Vis Sci. 2006;47: 
3595-602.

39.	 Hattori Y, Naito Y, Tsugawa Y, Nonaka S, Wake H, 
Nagasawa T, et al. Transient microglial absence as-
sists postmigratory cortical neurons in proper differ-
entiation. Nat Commun. 2020;11:1631. PubMed PMID: 
32242005

40.	 Pardo C, Buckley A, Thurm A, Lee L, Azhagiri A, Nev-
ille D, Swedo S. A pilot open-label trial of minocycline 
in patients with autism and regressive features. J. 
Neurodev. Disord. 2013;5:9. PubMed PMID: 23566357



Diagnostic Challenges and Clinical Implications of Seromucinous Ovarian 
Neoplasm in Anatomical Dissection: A Case Report

Subhadra Devi Velichety1    , Sirajunnisa Begum Chittoor Rahim1    , Savitha Selvam1    and Jyothi Ashok Kumar2

1Apollo Institute of Medical Sciences and Research, Chittoor, Andhra Pradesh, 2Government Medical College, Khammam, 
Telangana, India

 ABSTRACT

Ovarian cysts are a common finding, yet their discovery in cadavers during  
anatomical dissection is relatively rare. Seromucinous ovarian neoplasms 
represent a distinct subtype of ovarian epithelial tumors, often exhibiting  
benign behavior.  While these tumors typically present with clinical symp-
toms, their incidental discovery in asymptomatic individuals under-
scores the diagnostic challenges. The cadaver in this study belonged to a 
67-year-old woman with no known medical history of ovarian pathology  
or related symptoms. Medical records revealed no previous surgeries 
or interventions related to the reproductive system. The decedent did 
not report pelvic pain, abnormal uterine bleeding, or palpable abdominal  
masses during her lifetime. Gross examination revealed an inciden-
tal ovarian mass measuring 12x10x5.5 cm, characterized by an enlarged,  
congested, and cystic external surface. Further examination of the cut 
surface revealed multiloculated and mucoid material filling the cyst cavity, 
estimated to be approximately 250 cc in volume. Histopathological exam-
ination using hematoxylin and eosin (H&E) stained slides confirmed the  
diagnosis of a seromucinous ovarian neoplasm. Microscopic analysis depicted  
a lamellated cyst wall with a single layer of bland mucinous and serous epi- 
thelium, accompanied by mucoid secretions. The incidental discovery of 
a seromucinous ovarian neoplasm in this cadaver underscores the diag-
nostic challenges associated with ovarian pathology, even in the absence 
of clinical symptoms. This case highlights the importance of thorough  
anatomical dissections and understanding of the histopathological features 
of seromucinous tumors essential for accurate diagnosis and appropriate 
management strategies.
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INTRODUCTION
Seromucinous ovarian neoplasms present  

significant diagnostic challenges due to their 
heterogeneous nature and evolving classification 
systems (1). These tumors, often associated with 
endometriosis, exhibit a spectrum from benign 
to malignant and are characterized by papillary  
architecture with stratified seromucinous epithe-

lium (2). There are several primary classifications 
for epithelial ovarian carcinomas (EOCs), including  
serous, mucinous, clear cell, endometrioid, transi- 
tional, and squamous cell carcinomas (3). Pre- 
viously classified as the Müllerian or endocervical  
subtype of mucinous tumors, seromucinous 
ovarian tumors are unusual neoplasms. Fox and 
Langley first used the term “seromucinous tumor”  
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in 1976 to characterize a tumor consisting of  
serous-type cells and endocervical-type mucinous 
epithelium (4). 

The 2014 World Health Organization (WHO) 
categorization of neoplasms of the female repro-
ductive organs included the first description of 
seromucinous tumors, a subtype of ovarian epi- 
thelial tumors. Seromucinous tumors are epi-
thelial tumors that primarily consist of mucinous 
epithelium of the serous and endocervical types. 
These tumors frequently have foci that exhibit 
distinct differentiation of cells, endometrioid, or 
squamous tissue (5). Seromucinous tumors are 
classified as ovarian neoplasms connected to endo- 
metriosis, which is frequently linked to it (5). The 
distinctive microscopic observations include a 
combination of several types of epithelial cells 
and papillary formations with branching patterns 
(5). Seromucinous borderline tumors make up a 
small percentage (5-7%) of all borderline tumors.
(4). Relatively speaking, seromucinous cystadeno-
mas are uncommon; according to prior research, 
they make up about 4% of all ovarian neoplasms 
(6). Seromucinous tumors are divided into three 
categories by the WHO (2014): seromucinous car-
cinomas, seromucinous borderline tumors, and 
seromucinous cystadenomas/adenofibromas (5).

CASE REPORT
We present the case of a thinly built female 

cadaver, incidentally discovered to have a sub-
stantial ovarian cyst during routine anatomical 
dissection at our institution. The cadaver of the 
67-year-old woman who had no known medical 
history of ovarian pathology or related symptoms 
was obtained for educational purposes and un-
derwent routine dissection.

Clinical presentation
The decedent had no documented history of 

gynecological complaints or symptoms suggestive 
of ovarian pathology. Medical records indicated 
no previous surgeries or interventions related to 
the reproductive system. There were no reported 
instances of pelvic pain, abnormal uterine bleeding, 
or palpable abdominal masses during the dece-
dent’s lifetime.

Pathological findings
Upon gross examination, an incidental ovarian 

mass measuring 12x10x5.5 cm was identified. The 
external surface appeared congested and cystic, 
with no evidence of papillary projections or areas.  
Further examination of the cut surface revealed 
multiloculated and mucoid material filling the 
cyst cavity, estimated to be 250 cc in volume (Fig-
ures 1, 2). The cyst walls were markedly thickened, 
indicative of a significant fibrotic component.

Histopathological examination 
Microscopic examination of hematoxylin and 

eosin (H&E) stained slides confirmed the diagno-
sis of a seromucinous cystadenoma. The slides 
depicted a lamellated cyst wall with a single layer  
of bland mucinous and serous epithelium, accom- 
panied by mucoid secretions. These findings were 
consistent with the characteristic histological 
features of seromucinous cystadenoma (Figures 
3, 4).

Ethical consideration
We obtained written informed consent from 

blood relatives of the deceased for the donation 
of the body to the medical college, explicitly for 
the purposes of advancing medical education and 

Figure 1. Photograph showing seromucinous ovarian neo-
plasm; *, seromucinous ovarian neoplasm; SI, Small intes-
tine; M, mesentry, AA, anterior abdomen wall
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Figure 2. Photograph showing a) Isolated seromucinous cystadenoma, b) Isolated seromucinous ovarian cystadenoma 
with uterus (UT) and fallopian tube (FT), c) Opened seromucinous ovarian cyst, d) Mucoid material

Figure 3. Photomicrograph showing Isolated seromuci-
nous cystadenoma

research. In accordance with the guidelines set 
forth by the Institutional Review Board (IRB) and 
Research Ethics Committee, separate consent 
and approval for this case study were deemed 
unnecessary, as it arose from an anatomical dis-
section conducted in the context of educational 
and research activities. We hereby affirm that all 
relevant ethical standards have been rigorously 

adhered to and necessary approvals have been 
secured for the publication of this case report.

DISCUSSION 
The incidental discovery of a huge congested 

ovarian seromucinous cystadenoma in a thinly 
built female cadaver, first observed during rou-
tine dissection in the department of anatomy, 
highlights the importance of thorough anatomical 
examinations in uncovering unsuspected pathol-
ogies. This case presents intriguing pathological 
findings that warrant further investigation and 
clinical correlation. The gross examination of the  
ovarian lesion revealed its substantial size, meas-
uring 12x10x5.5 cm, with an enlarged, congested,  
and cystic external surface. The cut surface dis-
played multiloculation and mucoid material, indi- 
cative of a significant cystic component. Impor-
tantly, the absence of papillary projections or  
areas suggests a benign nature of the lesion, ruling  
out malignant features on gross examination.

Microscopically, the histological analysis con-
firmed the diagnosis of a seromucinous cysta-
denoma. The H&E-stained microscopic slides  
revealed a lamellated cyst wall with a single layer  
of bland mucinous and serous epithelium, accom-
panied by mucoid secretions. These findings 
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align with the characteristic histological features 
of seromucinous tumors, which typically exhibit  
a mixed pattern of mucinous and serous differ-
entiation.  Seromucinous ovarian neoplasms 
represent a distinct subtype of ovarian epithelial  
tumors, characterized by their dual mucinous and 
serous differentiation. While most seromucinous 
tumors are benign, exhibiting indolent behavior, 
rare cases of malignancy have been reported (4, 
7). Therefore, accurate pathological diagnosis and 
clinical correlation are essential for appropriate 
management and prognosis. Epithelial tumors 
originating in the ovary manifest in three forms, 
i.e., benign, borderline, and malignant (8).  Typi-
cally occurring in adults, particularly those in the 
later reproductive age group, seromucinous cysts 
are believed to stem from endometriosis (9).

Ovarian cysts are a common occurrence in 
women across their lifespan, often resolving on 
their own, with documented sizes reaching up 
to 148.6 kg as reported by Spolin in 1922 (9). Giant 
ovarian cysts are ovarian tumors characterized 
by diameters exceeding 10.0 cm (10) A novel clas-
sification of ovarian neoplasms known as seromuci-
nous tumors was added to the WHO Classification 
of Tumors of the Female Reproductive Organs in 
2014 (11).  A significant improvement in the cate-
gorization of epithelial ovarian tumors is the iden-
tification of this particular category. As far as we 
know, the term “seromucinous tumor” was first 
used by Fox and Langley in 1976 to characterize a 
tumor consisting of serous-type cells and muci-
nous epithelium of the endocervical type (4). Sub-
sequently, in 1988, Rutgers and Scully separated 
borderline tumors that seemed identical into two 
groups. Pure endocervical-type epithelium made 

up one, while a combination of endocervical-type 
mucinous, serous, and endometrioid cells in  
various cells with an abundance of eosinophilic 
cytoplasm made up the other (12, 13). 

Benign and borderline seromucinous tumors  
are still considered separate entities in the 2020 
WHO classification. Previous studies have indi- 
cated that seromucinous borderline tumors 
typically occur in young females aged between  
33–44 and have a mean size of 8–10 cm (14–16). 
Consequently, because this situation is similarly 
unilateral, it is consistent with other research. 
The pathological results demonstrate that sero- 
mucinous tumors are usually thick-walled and 
cystic. Sporobolus, oedematous, and occasionally 
sclerotic stroma are common microscopic charac- 
teristics of seromucinous borderline tumors, 
characterized by papillary structures (17, 18). Prior 
research mostly identified ovarian seromucinous 
cystadenoma from a pathologic perspective in 
living subjects; however, this particular instance 
was discovered in a cadaver. 

The incidental nature of the present case finding 
underscores the importance of comprehensive 
anatomical examinations in identifying clinically 
significant lesions, even in asymptomatic individ-
uals. In the context of medical education, the in-
clusion of such cases in anatomical teaching can 
enhance students’ understanding of pathological 
conditions and their anatomical manifestations. 
Furthermore, from a research perspective, the 
documentation of incidental findings contributes 
to our understanding of disease prevalence and 
pathological variability within the population. Such 
data are valuable for epidemiological studies and  
may inform clinical practice guidelines regarding  

Figure 4. Photomicrograph showing Isolated seromucinous cystadenoma
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the management of incidental ovarian lesions. 
This case underscores the diagnostic challenges  
and clinical implications associated with anato- 
mical pathology, emphasizing the importance of 
comprehensive postmortem examinations in un-
covering clinically significant lesions. Additionally, 
continued documentation and analysis of inciden- 
tal findings contribute to our understanding of 
disease prevalence and pathological variability 
within the population.

CONCLUSION 
In conclusion, this case emphasizes the diag-

nostic complexities surrounding the incidental 
discovery of seromucinous cystadenoma during 
anatomical dissections of cadavers. Despite the 
absence of clinical symptoms in the decedent, 
the identification of a substantial ovarian cyst 
highlights the need for meticulous pathological 
examinations. Understanding the histopathologi- 
cal features of such tumors is crucial for accurate  
diagnosis and management, particularly in 
asymptomatic individuals. This underscores the 
importance of comprehensive anatomical dissec-
tions in uncovering unsuspected pathologies and 
contributes to our knowledge of ovarian patholo-
gy in postmortem settings. The diagnostic chal-
lenges encountered in the present case highlight 
the need for further research to explore optimal 
management policies for seromucinous ovarian 
neoplasms that are discovered incidentally. 
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