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Depletion of Lysyl Oxidase-Like 4 (LOXL4) Attenuates Colony
Formation in vitro and Collagen Deposition in vivo Breast Cancer
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Background: Lysyl oxidase (LOX) family proteins have recently
become a topic in cancer progression. Our recent study found a
high LOX-like 4 (LOXL4) expression in MDA-MB-231 cells.
Objective: To reveal the impact of depleted LOXL4 in both in
vitro and in vivo breast cancer models from a histological
perspective. Material and Method: Endogenous LOXL4 was
depleted using the CRISPR/Cas9 on MDA-MB-231 parental cells.
Based on the LOXLA4 protein expression, the clone was determined
for the next experiment, thus generating MDA-MB-231 LOXL4

KO. Cell assay was conducted using colony formation assay (n=3)
followed by crystal violet staining. The indicated cells were
inoculated orthotopically to female BALB/c nude mice (n=5). At
the end of the experiment, tumors were isolated, fixed, and
prepared for Masson’s Trichrome staining. Result: CRISPR/Cas9
completely depleted LOXL4 expression on clone number #2-22.
Depletion of LOXL4 reduced the colony size formed by MDA-
MB-231 cells. MDA-MB-231 LOXL4 KO #2-22 derived tumors
showed depressed tumor volume compared to the parental group.
Reduced collagen was also observed from the Masson’s Trichrome
staining (p<0.001). Conclusion: Depletion of LOXL4
downregulates the growth of MDA-MB-231 cells in vitro and
collagen deposition in vivo.
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Highlights
1. Revealing LOX family members’ mechanisms in promoting invasive breast cancer progression
is essential for targeting specific molecules in invasive breast cancer.
2. Depletion of LOXLA4 in invasive breast cancer shows attenuation of cell invasiveness in vitro
and collagen deposition in tumor models in vivo.
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BACKGROUND

Breast cancer is still the most prevalent cancer, with increasing rates along with age. According to the
World Health Organization (WHO) data, 2.3 million women were diagnosed with breast cancer,
resulting in 685.000 deaths (World Health Organization, 2024). In Asia, breast cancer is the most
common cancer in women across most of the countries with high mortality-to-incidence (M/I) of 0.28
compared to the other parts of the world (Huang, et al., 2022; Lim, et al., 2022; Rajappa, et al., 2023).
Breast cancer is still the leading cause of mortality related to cancer in the Southeast Asia region and
the highest disability-adjusted life years (DALYSs) among females (10.9 million). Cancer incidence
increases along with life expectancy (Sharma, et al., 2024). Therefore, early detection and target therapy
are still essential to be investigated to ease the burden of breast cancer.

In invasive cancer that develops from a solid tumor, breast cancer relies on microenvironment
changes, including the extracellular matrix, blood vessels, and immune system (Brassart-Pasco, et al.,
2020; WinkKler, et al., 2020). Thus, searching for genes related to the extracellular matrix (ECM) for
target therapy in breast cancer, we observed intriguing genes as members of the lysyl oxidase (LOX)
family (Komalasari, et al., 2023). The lysyl oxidase (LOX) family comprises five members, including
LOX, LOX-Like 1 (LOXL1), LOXL2, LOXL3, and LOXL4, which, in general, has been known to
contribute to the maturation of collagen and elastin in the ECM (Grau-Bové, et al., 2015; Vallet &
Ricard-Blum, 2019). To conduct the function, they depend on the presence of copper (Oldfield, et al.,
2018). In recent studies, some LOX family members were observed also to have functions in cancer
progression other than the ECM function. LOX is related to hypoxia and tumor invasion in bone
(Reynaud, et al., 2017). LOXL2 was observed to induce tumor progression in esophageal squamous
cell carcinoma (ESCC) and renal cell carcinoma (RCC) (Hong &Yu, 2019; Liu, et al., 2023). LOXL3
and LOXL4 were reported to promote the growth and invasiveness of melanoma, gastric cancer, and
hepatocellular carcinoma (HCC) (Li, et al., 2019; Koorman, et al., 2022). Many studies have presented
LOX family members in various cancers, but the mechanisms are still puzzling (Choi, et al., 2017; Shao,
etal., 2019). There are some extracellular and intracellular mechanisms in which LOX family members
promote tumor progression.

In our previous investigation, high expression of LOX-Like 4 (LOXL4) was found particularly in
triple-negative breast cancer (TNBC) cells (Komalasari, et al., 2023). Additionally, low levels of
LOXL1 and LOXL4 were observed in less aggressive MDA-MB-231 that were afflicted by ZEB1
mutation (Hirabayashi, et al., 2023). Some studies highlighted the importance of the LOX family
members in various cancers. The inhibitions of LOX family members stalled the cancer progression
(Chen, et al., 2020). However, which LOX family members are important, and the molecular
mechanisms, especially in breast cancer progression, remain to be elucidated. Discovery of the specific
molecule and the mechanisms related to breast cancer progression leads to a potential for target therapy,
particularly for invasive breast cancer.

OBJECTIVE

In this study, we were interested in distinguishing the LOXL4 function through the depletion of
LOXL4 in the TNBC cell line. First, to observe the impact of LOXL4 depletion on the cell function in
vitro, and second, to use animal models to observe the effect of LOXL4 depletion from a histological
perspective. Itis essential to identify specific LOX family members that support solid tumor progression
by establishing potential beneficial treatments to maintain the well-being of cancer patients.

MATERIAL AND METHOD

Cell lines

MDA-MB-231 cells (ATCC, Rockville, MD, USA), the TNBC cell line, were mainly used in this study.
A subline derived from the MDA-MB-231 parental cell was generated using CRISPR/Cas9 methods as
described before (Komalasari, et al., 2023). The clone number 22 from gRNA two was then selected
based on the protein expression, which was further named MDA-MB-231 LOXL4 knockout (KO) #2-
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22 for further experiments. Cells were maintained in DMEM/F12 medium (Thermo Fisher Scientific,
Waltham, MA) supplemented with 10% fetal bovine serum (FBS) (Gibco, USA), cultivated mainly in
a 10 cm dish, and incubated at 37°C with 5% CO..

In vitro cell analysis

MDA-MB-231 parental and subline LOXL4 KO #2-22 were analyzed using colony formation assay
(CFA) to observe the potential of cells to build a colony from a single cell without nudging the
neighboring cells. 1 x 102 cells were planted in a 60 mm dish. Three dishes were prepared for each
parental and LOXL4 KO #2-22 group (n=3) and then incubated for seven days. After colonies formed,
70% EtOH was used for fixation, followed by Crystal Violet staining. One colony was defined as more
than or equal to 20 cancer cells (Hirabayashi, et al., 2023).

In vivo animal model and histology specimen

Ten female BALB/c nude mice were prepared and randomly separated into two groups, five mice per
group. The mice in the first group were inoculated with 5x10° cells of MDA-MB-231 parental into the
right mammary fat pad. The mice in the second group were inoculated with MDA-MB-231 LOXL4 KO
#2-22 using the same number of cells. Tumor volume was measured after the tumor formed. After 40
days of incubation, tumors were then isolated, fixed with 4% paraformaldehyde (PFA), and then
preserved in a frozen tumor block. Histological specimens were obtained from the frozen slices and
stained with Masson’s Trichrome, Hematoxylin, and Eosin (H&E). Collagen from the Masson ‘s
Trichrome staining was quantified using a Keyence BZ-X analyzer software to detect collagen fibers in
the randomly selected slide.

Statistical analysis
Statistical tests were performed in Microsoft Excel for Mac version 16.81. Data were presented in mean
and SD. Based on the Student t-test, p<0.05 was considered statistically significant.

RESULT

High LOXL4 expression in TNBC drove our attention to the importance of this gene in breast cancer
progression. To investigate further this role, the LOXL4 gene was depleted from the MDA-MB-231
parental cells. The establishment of LOXL4 KO #2-22 has been shown in our previous study
Komalasari, et al., (2023), the clone was determined based on the protein expression. To assert the
concomitant of LOXL4 KO #2-22 in breast cancer cell proliferation, cells were equally spread in low
numbers, and then the colony developed from each single cell was observed. After the designated
observation time, the size of the colony number formed in the MDA-MB-231 parental group was
51+8.18, and the LOXL4 KO #2-22 group showed 35+3.6 (Figure 1). The number of colonies was
significantly reduced (p<0.05).
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Figure 1. Depletion of LOXLA4 affects the single-cell potential to form a colony. (A) Colony number
count. (B) Representative of colony size from each group after seven days of incubation.
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According to our previous study, the primary tumor growth in the LOXL4 KO group was stalled
(Komalasari, et al., 2023). The primary tumor from the breast cancer model was then investigated
histologically. The first staining showed a packed and dense configuration of tumor cells in the parental
group with dense and regular stroma (Figure 2). LOX family is considered to exert function in the
maturation of collagen. To assess the shared function as other LOX family members in the extracellular
matrix, i.e., collagen configuration, tumor sections were stained with Masson’s Trichrome.
Quantification of Masson’s Trichrome staining exhibited decreased collagen fibers in the MDA-MB-
231 LOXL4 KO #2-22 (21.4+3.6) subline group compared to the parental group (29.5+2.3) with the
p<0.01 (Figure 3).

A.

parental LOXL4 KO #2-22

parental LOXL4 KO #2-22

Figure 2. (A) The tumor section from the parental group shows densely packed cancer cells.
(B) Larger magnification. The white scale indicates 100 pm.
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(%)
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parental LOXL4 KO #2-22

Figure 3. Collagen fibers with Masson’s Trichrome staining from tumor section. (A) Representative
of Masson’s Trichrome staining. The white arrows indicate collagen fibers. (B) Quantification of
collagen fibers (p<0.01). Scale: 100 um.

DISCUSSION

In our first screening, we found a high expression of LOXL4 in TNBC, which was not observed in
non-TNBC cell lines. To confirm this function, CFA was conducted to evaluate the impact of LOXL4
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depletion. Depletion of LOXL4 attenuated the number and size of colonies in the LOXL4 KO #2-22
group, thus reducing cell-cell interaction. Yin, et al., (2020) also showed depressed proliferation of
cancer cells on ShRNA LOXL4 treatment. This result suggests that LOXL4, other than the ECM, exerts
an atypical function in the cancer cell cycle. Additionally, low cell numbers reduce cell-cell interactions,
thus preventing downstream mechanisms from mutually inducing cell proliferation. The capability of a
single cell to form a colony is also used as a cancer cell stemness indicator (Rajendran & Jain, 2018).
Ohta, et al., (2022) observed that slow-proliferated cancer cells have characteristics of stem cells.

After being inoculated orthotopically, the LOXL4 KO #2-22 group developed a smaller tumor size
(Komalasari, et al., 2023). Staining of the LOXL4 KO #2-22 tumor showed less ECM with misshapen
collagen fibers. LOX family members have been known to partake in ECM maturation which
contributed to tumor progression (Maller, et al., 2021). LOXL4 was reported to be associated with
collagen 1, collagen 1V, and liver fibrosis progression (Chen, et al., 2020; Tan, et al., 2021). Thus,
LOXL4 supports cancer progression through a common function of LOX family members. Li, et al.,
(2019) introduce that exosomes in hepatocellular carcinoma (HCC) contain LOXL4 which drives
invasion and metastasis. The stiff matrix also contributed to the release of exosomes (Wu, et al., 2023).
Therefore, several mechanisms of LOXLA4 to induce cancer progression are proposed.

Our previous investigation revealed the surface binding protein of LOXL4, annexin A2 (Komalasari,
et al., 2023). This study showed that depletion of LOXL4 reduced collagen deposition, suggesting that
secreted LOXL4 affects both neighboring cancer cells and their tumor microenvironment. The impact
of LOXL4 in other aspects of TME, including matrix metalloproteinase (MMP) regulation, immune
cells, and cancer-associated fibroblast, is also essential to be investigated. Based on current in vitro
investigation, other intracellular functions of LOXL4 are our next concern. The stemness characteristic
of LOXL4 KO #2-22 is an intriguing topic to be explored further.

Strength and limitations

This study supports the concept that LOXL4 has the potential for other functions in breast cancer
progression; thus, it is highly expressed in highly invasive cancer cell lines. Our current study was
limited to the histological approach of collagen in animal breast cancer models. Further studies are
required to disentangle the function of the LOXL4 animal model related to the immune system, matrix
metalloproteinase (MMP) regulation, and cancer-associated fibroblast.

CONCLUSION

Our in vitro study revealed that depletion of LOXL4 attenuates the ability of a single cell to form a
colony. Furthermore, the depletion of LOXL4 decreased collagen from the histological examination in
the in vivo breast cancer model. Based on these data, the depletion of LOXL4 attenuates the breast
cancer model progression. This might be an insight to investigate LOXL4 as a potential target treatment
in stalling breast cancer progression.
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Background: Ocular Surface Squamous Neoplasia (OSSN) is a
spectrum of tumors affecting the conjunctiva and cornea, in which
a more invasive type of OSSN has a higher recurrence rate. As a
tropical country, Indonesia is constantly exposed to intense
ultraviolet (UV) radiation, the main risk factor for OSSN. Despite
this, there are very few studies regarding OSSN in Indonesia.
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occupation (outdoor and indoor) and histopathological types of
OSSN to fill the gap in research and contribute to early diagnostic
strategies. Material and Method: Sociodemographic and
histopathological data were extracted from the medical records of
patients who were histopathologically diagnosed with OSSN at Dr.
Soetomo General Hospital from 2017 to 2021. Data from 88
samples that met the inclusion and exclusion criteria were
classified and analyzed with descriptive statistics and a two-sided
Fisher's exact test using SPSS version 27.0 (IBM Corp., Armonk,
N.Y., USA). Result: The exact test results of the two-sided Fisher’s
exact test revealed a statistically significant relationship between
age (p = 0.0004) and occupation type (p = 0.049) with
histopathological types of OSSN. However, no significant
association was found between sex and histopathological types of
OSSN (p =0.130). Conclusion: Age and occupation were found to
have a significant association with the histopathological types of
OSSN, reinforcing the need for further exploration of their strength
and nature to be considered by future researchers.
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Highlights
1. The histopathological types of OSSN were significantly associated with age and occupation.
2. The study's findings enhance the understanding of OSSN in Indonesia and emphasize the
importance of UV exposure, occupation, and age in its development.

BACKGROUND

Indonesia has a tropical environment and receives significant sunlight, resulting in high amounts of
UV radiation. The UV index in Indonesia ranges from 9 to 11+, making it one of the countries with the
highest UV indices worldwide (Istirohah, et al., 2018). Ocular Surface Squamous Neoplasia (OSSN) is
a prevalent ocular surface tumor linked primarily to UV exposure, with additional risk factors including
age, gender, immunosuppression, HPV infection, and insufficiency of vitamin A (Dandala, 2015;
Hollhumer, et al., 2020; Gurnani & Kaur, 2023). However, OSSN demographics vary regionally,
prompting a need for specific investigations in Indonesia (Hollhumer, et al., 2020).

Age, a key factor, is associated with increased OSSN risk, especially in individuals aged 40 and older
(Dandala, 2015). Gender predispositions vary globally, with OSSN being predominantly male in some
regions and predominantly female in others (Tananuvat, et al., 2022). Understanding OSSN's gender
predisposition is crucial for assessing its impact in Indonesia.

Occupational exposure to solar radiation is a significant hazard for the approximately 40 million
Indonesians working in agriculture, forestry, and fisheries (Statistics Indonesia, 2023). Studies reveal a
higher OSSN incidence among outdoor occupations; however, the importance of the relationship varies
(Dandala, 2015; Gichuhi, et al., 2016). The frequency of outdoor employment in Indonesia emphasizes
the urgency of examining OSSN as a severe hazard.

Diagnosing OSSN based on clinical features alone is challenging. Hence, histopathology is required
to confirm the diagnosis and determine the prognosis. OSSN includes dysplasia, carcinoma in situ, and
invasive squamous cell carcinoma (Mishra, et al., 2022). Early detection and treatment are crucial for
reducing recurrences, and understanding the association between demographic factors and
histopathological types can contribute to a more effective diagnosis strategy (Cicinelli, et al., 2018).

Despite the substantial risk OSSN poses in Indonesia, there is a notable gap in research specifically
addressing its association with histopathological types. This study aimed to fill this gap by analyzing
medical records from a tertiary hospital of Dr. Soetomo General Academic Hospital, Surabaya,
Indonesia, from 2017 to 2021, assessing the relationship between age, sex, occupation, and
histopathological types of OSSN.

OBJECTIVE

The purpose of this study was to describe the distribution of histopathological types of OSSN among
diagnosed patients, to investigate the distribution of age, biological sex, and occupation types within
this patient group, and to conduct analyses to determine associations between age, biological sex,
occupation type, and histopathological types among OSSN patients.

MATERIAL AND METHOD

This was an analytic cross-sectional study that examined the medical records of patients who were
clinically diagnosed with Ocular Surface Squamous Neoplasia (OSSN) at the Department of Ocular
Oncology of Dr. Soetomo General Academic Hospital, Surabaya, Indonesia, between January 2017 and
December 2021. The study employed a whole population sample method, where all patients were
included if they met the specified criteria. The inclusion criteria required patients to have histological
data. In contrast, the exclusion criteria included those who previously had unrelated eye procedures,
chronic eye disorders, recurrent OSSN, or incomplete records. Data were collected from July to August
2023, and 88 patients were examined. This study received ethical clearance from the Ethical Committee
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of Dr. Soetomo General Academic Hospital, Surabaya, Indonesia (no. 2276/113/4/\/11/2023) on 25-07-
2023.

The retrieved characteristics included age, sex, occupation, and histological type. For analytical
purposes, age was categorized as 0-39 and >40, occupation was classified as outdoor and indoor, and
histopathological type was categorized as non-invasive (including mild-moderate dysplasia, moderate-
severe dysplasia, severe dysplasia, and carcinoma in situ) and invasive (squamous cell carcinoma). The
categorization of age groups and histological types was conducted based on a previous study by
Dandala, (2015). The classification of occupations was performed by applying the methodology utilized
in the study conducted by Cox-Ganser & Henneberger (2021). The classification was done by first
matching the occupations as written in medical records to their equivalent Standard Occupational
Classification (SOC) code(s) (U.S. Bureau of Labor Statistics, 2018). Afterward, the occupations were
classified into outdoor and indoor work based on data extracted from the Occupational Information
Network (O*NET) (Donsbach, et al., 2003). This data was the scored answer to the question: How often
does your current job require you to work outdoors, exposed to all weather conditions? Occupations
with an average score of >75 (once a week to every day) were categorized into outdoor work.

Table 1. Classification of patients into outdoor and indoor workers
(Donsbhach, et al., 2003; U.S. Bureau of Labor Statistics, 2018).

Occupation Occupation code(s) Score Occupation type n
Farmer 45-2090 82.3 Outdoor 27
Fisher 45-3030 95 Outdoor 1
Military/Police Officer 33-3050 91 Outdoor 2
Driver 53-3030 91 Outdoor 1
Field employee 45-2090 82.3 Outdoor 2
Welder 51-4120 21 Indoor 2
Private employee 43-0000 13.6 Indoor 13
Civil servant 43-0000 13.6 Indoor 5
Teacher 25-1000, 25-2000 15.2 Indoor 2
Student 25-1000, 25-2000 15.2 Indoor 6

39-9011.00, 39-9011.01, 35-
Housewife 9021.00, 37-1011.00, 37-2012.00, 359 Indoor 19
35-2013.00, 21-1021.00
11-1011.00, 11-1021.00, 13-
Entrepreneur 1023.00, 13-1161.00, 41-1010 27.7 Indoor 6
Chef 35-1011 36 Indoor 1
Factory worker 11-3051 33 Indoor 1

Table 1 shows that farmers, soldiers or police officers, drivers, and field employees were classified as
outdoor workers, while welders, private employees, civil servants, teachers, students, housewives,
entrepreneurs, chefs, and factory workers were classified as indoor workers. As housewives did not
have a SOC code, several occupations with similar activities were substituted. As students did not have
a SOC code, we substituted them using data from teachers, as they shared identical activities at school.

The data were analyzed with descriptive statistics to determine the distribution of age, sex, occupation
types, and histopathological types among patients with OSSN. The data were also analyzed using the
two-sided Fisher's Exact test to determine the association between age, biological sex, occupation types,
and the histopathological types of OSSN. The statistical analysis was performed using IBM SPSS
Statistics for Windows, version 27.0 (IBM Corp., Armonk, N.Y., USA).

RESULT

Table 2 illustrates the distribution of age, sex, occupation type, and histopathological type. The mean
age of patients is 52.7+19.1, with the majority falling into the 40 and older age group (75%), as
categorized based on a previous study (Dandala, 2015). The study population was predominantly male,
with 52 male patients (59.1%) compared to 36 female patients (40.9%). There were 55 indoor workers
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(62.5%) and 33 outdoor workers (37.5%) among the patients. The most common histopathological type
was conjunctival intraepithelial neoplasia (48.9%), followed by squamous cell carcinoma (46.6%) and
carcinoma in situ (4.5%). For analytical purposes, we classified our population's histopathological types
of OSSN into non-invasive and invasive OSSN. Non-invasive OSSN refers to conjunctival
intraepithelial neoplasia and carcinoma in situ, while invasive OSSN refers to squamous cell carcinoma.
This was done due to the low count of CIS, which hindered the application of Fisher's exact test. Most
patients presented with a non-invasive OSSN (53.4%) rather than an invasive (46.6%).

Table 2. Distribution of age, sex, occupation type, and histopathological type. Processed from
research data.

Variable n =88 %
Age
0-39 22 25
>40 66 75
Sex
Male 52 59.1
Female 36 40.9
Occupation type
Outdoor 33 37.5
Indoor 55 62.5
Histopathological type
Non-invasive 47 53.4
Conjunctival Intraepithelial 43 48.9
Neoplasia
Carcinoma in situ 4 4.5
Invasive 41 46.6

Squamous cell carcinoma

We found a significant relationship between age (p = 0.0004) and occupation type (p = 0.049) with
histopathological types of OSSN, as seen in Table 3. However, there was no significant association
between sex and histopathological type (p = 0.130). Most patients with invasive OSSN are 40 years
older (92.7%). Within 22 patients younger than 40, a majority (19) presented with non-invasive OSSN.
Patients with non-invasive OSSN had an equal sex distribution, consisting of 24 males (51.1%) and 23
females (48.9%). Meanwhile, patients with invasive OSSN were predominantly male (68.3%). While
most patients were indoor workers, we could observe that among outdoor workers, invasive OSSN was
the most prevalent type (20 out of 33).

Table 3. Analysis result of two-sided fisher's exact test.

Parameter Non-invasive Invasive p-value
Age
0-39 19 (40.4%) 3 (7.3%) 0.0004
>40 28 (59.6%) 38 (92.7%)
Sex
Male 24 (51.1%) 28 (68.3%) 0.130
Female 23 (48.9%) 13 (31.7%)
Occupation
type
Outdoor 13 (27.7%) 20 (48.8%) 0.049
Indoor 34 (72.3%) 21 (51.2%)

DISCUSSION

Distribution of age, sex, occupation type, and histopathological type
This study categorized the population into ages 0-39 and >40 to satisfy Fisher's Exact test conditions.
A previous study conducted in India found 65 patients (57.5%) aged >40 and 48 patients (42.5%) aged
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39 and younger (Dandala, 2015). When compared, there was a more significant proportion of middle-
aged and older patients in this study (75%).

The ratio of males to females in patients with OSSN differs based on region. A systematic review
revealed that most OSSN patients in temperate climates are older males, while OSSN patients in tropical
climates, such as Eastern and Southern Africa, are typically young women (Gichuhi, et al., 2013). Based
on Table 3, this study found more cases of OSSN in males (59.1%) rather than females (40.9%), aligning
with other Indonesian studies where 62.5%-70% of OSSN patients are male (Ardjaja, 2017;
Sandraningrum & Dahlan, 2019). Despite being a tropical country, Indonesia's OSSN gender
distribution is different from the trend seen in Eastern and Southern Africa, where women make up
50%-70% of patients with OSSN. Africa’s higher HIV rates in females might explain their higher OSSN
incidence (Gichuhi, et al., 2014; Hollhumer, et al., 2023).

One likely explanation behind this discrepancy is the variation in HIV prevalence between the studies'
populations. The prevalence of HIV in Eastern and Southern African countries is comparably higher
than the prevalence of HIV in Indonesia (0.4%) (International Labour Organization, 2010). In Africa,
HIV infection is more often found in females rather than males, which may explain why the sex
predisposition in their studies lean towards females (Gichuhi, et al., 2014; Hollhumer, et al., 2023).

The most prominent risk factor for OSSN is exposure to UV light (Gichuhi, et al., 2016). Various
factors affect a person's cumulative UV exposure, such as individual, environmental, and occupational
factors (Modenese, et al., 2018). Some occupations involve more significant exposure to UV radiation
due to the nature of their job requirements. Based on Table 1, most patients with OSSN are farmers,
followed by housewives and private employees.

Farmers typically spend significant time outdoors, exposing them to direct sunlight for extended
periods and during daylight hours when UV radiation is strongest. Their cumulative UV exposure is
influenced by their duration of work, at what time they work, their environment's surface, and their sun-
protective behavior (Modenese, et al., 2018).

A housewife is a woman whose job is to manage the household by doing tasks such as cooking,
cleaning, and childcare and who does not have paid employment. There are 19 housewives (21.6%)
found in this study, making it the second most common occupation among the study population. One
plausible explanation is that many activities done by housewives require them to be outside, for example
gardening, hanging the laundry, shopping in open-air markets, tending the yard, cleaning the exterior
of the house, or they could be outside for transportation (Tesfai, et al., 2021). Other than that, they may
also have a hobby requiring them to spend much time outside. There is also a possibility that they had
a different occupation before their hospital visit, which was how they were exposed to UV.
Nevertheless, as these were not specified in our analyzed medical records, we cannot confirm these
possibilities.

Private employees are any people who work for a privately owned company. In this study, private
employees were also found in great numbers compared to the total population, with 13 patients (14.8%).
Initially, our database classified 20 patients classified as private employees. Upon manual inspection,
we found that two patients worked as welders, one as a farmer, one as a chef, one as a factory worker,
and two as field employees. This shows that the definition of private employee is comprehensive,
therefore making it difficult to classify them as an indoor or outdoor occupation. Out of 20 private
employees, only seven were described clearly, while 13 patients did not have a specific description of
their occupation written in the medical records. There is a possibility that some of these 13 patients may
have worked outdoors, and the lack of specificity is a limitation that we acknowledge.

Upon classification into outdoor and indoor occupations, as seen in Table 1, 62.5% of patients work
indoors, while 37.5% work outdoors. Although classified by different methods, this study's finding was
similar to a previous study where 70% were involved in indoor and 30% in outdoor occupations (Meel,
et al., 2017). However, this distribution is not aligned with the fact that outdoor occupation has been
recognized as a risk factor for OSSN in various studies (Gichuhi, et al., 2013; Dandala, 2015).

Among 88 patients histopathologically diagnosed with OSSN, most patients presented with CIN
(48.9%), followed by SCC (46.6%) and CIS (4.5%). This corresponds with prior studies done in
Bandung and Denpasar, where CIN (41.5%-50%) is the most common histopathological finding in
patients with OSSN, followed very closely by SCC (39%-40%), then by CIS (10%-19.5%) (Ardjaja,
2017; Sandraningrum & Dahlan, 2019). These findings contrasted with studies in Nigeria and Kenya,
where invasive SCC is the most frequently diagnosed lesion (58.8%-60.3%) (Gichuhi, et al., 2015;
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Lomeli-Linares, et al., 2020). This variation suggests the influence of geographical factors such as
climate, altitude, latitude, and ozone concentrations (Modenese, et al., 2018).

Another stark difference between Nigeria, Kenya, and Indonesia is the proportion of HIV-positive
patients, with HIV being a predictive factor of higher-grade OSSN. The higher HIV prevalence in
African countries could contribute to the observed histopathological variations, underscoring the
multifactorial nature of OSSN (Rathi, et al., 2018; Suleiman, et al., 2022).

In this study, 53.4% of patients had a non-invasive OSSN, while 46.6% had an invasive OSSN. This
study's population had a higher percentage of invasive OSSN cases compared to a previous study by
Dandala (2015), where invasive OSSN only comprised 35.4% of the population.

Association between Age, Sex, and Types of Occupation with Histopathological Type of OSSN

This study investigated the association between age and the histopathological types of OSSN. While
previous studies have yet to support a precise relationship between age and histopathological types,
existing studies have proven that age plays a significant role in the development of OSSN (Dandala,
2015; Gurnani & Kaur, 2023).

This study found a significant association between age and histopathological type (p = 0.0004). Table
3 shows that adults aged 40 and older have a higher tendency to present with invasive OSSN compared
to the younger group. Older adults have been exposed to UV light for longer, thus having higher
cumulative UV exposure than younger groups. Older adults are also generally more susceptible to the
development of malignancy due to the deterioration of their immune system (D’Orazio, et al., 2013).
Meanwhile, many middle-aged adults were also found to have a more malignant type of OSSN, possibly
because UV radiation has become more intense over time due to ozone depletion and the increasing
occurrence of extreme climate events (Barnes, et al., 2023). Due to the increased intensity, the
cumulative UV exposure in middle-aged adults may be comparable to older adults even though they
have been exposed to UV for a shorter time.

Our study found no statistically significant association between biological sex and histopathological
type (p = 0.130), aligning with a previous study which did not find any statistically significant
association between sex and OSSN (Smith, et al., 2019). This study's findings also aligned with a study
that found no statistically significant difference between females’ and males' incidence of OSSN in
Asia, even though a significant difference was found in other regions such as Central America, South
America, North America, and Europe (Gichuhi, et al., 2013).

In contrast, a previous study done in Nigeria found that male sex is associated with higher-grade
lesions of OSSN (p = 0.02). Several factors may contribute to the discrepancy between this study and
the previous study. One possible explanation is the genetic and environmental differences in the studies'
populations. While Nigeria and Indonesia share similar climates, geographical features, and certain
sociodemographic factors, the study populations are composed differently. Nigeria, with its
predominantly black African population, exhibits a different genetic constitution compared to the Asian
population found in Indonesia. Genetic factors could potentially contribute to susceptibility to OSSN.
However, there has not been any study that could prove a significant association between race and
ocular surface squamous neoplasia as of date. Genetic factors' impact on gender-related variations in
OSSN remains an area for further study (Suleiman, et al., 2022).

Additionally, the disparity observed in our study results may be attributed to an inherent selection
bias, given that both studies were done in single institutes, the Dr. Soetomo General Academic Hospital,
Surabaya, Indonesia, and Ahmadu Bello University Teaching Hospital, respectively. The difference in
referral patterns and accessibility and the limited pool of patients in both institutions were some
underlying reasons for selection bias in single-institution-based studies. As this study was the first to be
done in Indonesia, there was limited basis for direct comparison to prior research.

Table 3 shows the distribution of outdoor and indoor workers across different histopathological types.
Most outdoor workers (20 out of 33) have been diagnosed with invasive OSSN, while 34 out of 55
indoor workers are diagnosed with non-invasive OSSN. From this finding, we can observe that most
patients who work outdoors have developed a more malignant lesion, possibly due to SCC's strong
association with UV radiation as found in a study by Gichuhi, et al., (2013).

When the association between occupation types and histopathological types was analyzed, this study
found a statistically significant relationship between the two variables (p = 0.049). This finding agrees
with a previous study which found an association, albeit weak, between outdoor occupations and OSSN
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(Gichuhi, et al., 2013).

Strength and limitations

This study was conducted first in Indonesia, a tropical country susceptible to OSSN. Its limitations
include its reliance on medical records, which lacks data on potential confounding variables, such as
HIV history, smoking habits, outdoor leisure activities, hobbies, and sun-protective habits, which poses
a significant limitation. The use of BLS and O*NET for occupation classification also has limitations,
with certain worker types not represented in the databases and potential discrepancies between
American and Indonesian work environments.

To enhance research data quality, the hospital can improve its medical record system by incorporating
additional patient information, including HIV status, smoking habits, detailed job descriptions, leisure
activities, and sun-protective behaviors. Future researchers may also consider using a questionnaire to
collect data for potential occupational hazards, protective habits, daily work duration, and job tenure.
Collecting this information through patient questionnaires could contribute to a more comprehensive
and reliable occupational classification system.

CONCLUSION

Most patients diagnosed with ocular surface squamous neoplasia (OSSN) at Dr. Soetomo General
Hospital histopathologically exhibited non-invasive OSSN in males aged 40 and older, and worked
indoors. Furthermore, we identified statistically significant associations between age and occupation
with histopathological type of OSSN. Although these associations' specific direction and strength were
not determined in this study, the higher prevalence of invasive types of OSSN observed among older
individuals and outdoor workers suggests the need for targeted screening and preventive measures for
these high-risk populations. These findings also reinforce the need for future researchers to further
explore its strength and nature.
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Background: Demographic information and ABO blood group
genotypes have been shown by studies to be useful tools in the
management of sickle cell anemia. Regrettably, there is a shortage
of literature on this information in Birnin Kebbi, northwestern
Nigeria. Objective: This study determined demographic
characteristics, ABO blood group genotypes, and sickle cell
genotypes of sickle cell anemia patients in Birnin Kebbi. Material
and Method: A structured checklist was used to collect data from
the medical records of 99 patients who attended the Federal Medical
Center in the city between November 2022 to November 2023.
Result: The results revealed that most of the patients fell within the
1 to 10 years age group, comprising 44 individuals (44.4%), and the
11 to 20 years age group, comprising 33 individuals (33.3%). Of the
patients, 48 (48.5%) were males, while 51 (51.5%) were females.
Patients with ABO blood genotype O (33.3%) and A* (18.0%) were
the most prevalent and least severely affected, while blood groups
O* (3%) and AB" (6%) were the least prevalent and most severely
affected. Two variants of sickle cells (HbSS and HbSC) were
identified, with HbSS (92.9%) being the most prevalent.
Conclusion: Based on these findings, efforts should be made to
ensure an ample blood supply with groups O, A, and AB" in blood
banks. Moreover, studies have shown ABO blood groups to
influence responses to diets, so precision medicine tailored to
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O* and AB" -blood groups should be given special attention, as they
exhibit the severe form of the disease.
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1. Sickle cell anemia affects both males and females in Birnin Kebbi and is predominant among
children between 1 to 10 years of age.
2. It is also more prevalent but less severe among individuals with O- and A+ ABO blood groups

in the city.
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BACKGROUND

Sickle cell anemia is a monogenic disease characterized by the deformation of red blood cells and
variable clinical outcomes (Adigwe, et al., 2023). It results from a point mutation involving base-pair
substitution of GAG to GTG in the B-globin gene at chromosome 11, specifically within the 17th
nucleotide, where thymine is replaced by adenine (Onoja, et al., 2021; Adigwe, et al., 2023).
Consequently, during translation, valine replaces glutamic acid, causing abnormal hemoglobin called
hemoglobin S (HbS) (Onoja, et al., 2021; Adigwe, et al., 2023). This mutation causes neighboring
molecules of HbS to polymerize upon deoxygenation, resulting in long, stiff concatenations of
hemoglobin. This process distorts the biconcave shape of red cells to a sickle shape, along with some
other abnormal features (Lu, et al., 2021). The outcome is a viscous red blood cell characterized by
suboptimal rheological properties and a tendency to get stuck in microvascular regions (Lu, et al., 2021).
The inheritance of sickle cell disease follows Mendelian principles, wherein affected individuals inherit
either one (heterozygous AS) or two (homozygous SS) sickle cell genes from their parents (Mbiya, et
al., 2020). Homozygous SS (HbSS) is the most severe subtype, symptomized by both acute and chronic
complications such as painful events, infections, acute chest syndrome, anemia, eye damage, dactylitis,
stroke, splenic sequestration, chronic organ damage with substantial morbidity, early mortality
(Abboud, 2020; Katawandja, et al., 2020; Ngwengi, et al., 2020). These symptoms occur in sickle cell
patients due to blood cells adhering to the inner walls of the blood vessels in the brain, thereby restricting
blood flow (Hussaini, et al., 2019).

Sickle cell disease poses a considerable public health burden (Katawandja, et al., 2020). It is the most
prevalent inherited red blood cell disorder in the United States, affecting around 100,000 individuals.
This condition is observed in one out of every 365 births among Black or African American populations
and one out of every 16,300 births among Hispanic Americans (Sepulveda, et al., 2023). About 300,000
newly diagnosed sickle cell disease cases are annually born worldwide (Nwabuko, et al., 2022). A
systematic study involving sickle cell disease prevalence in 204 countries revealed that, as of 2021, 7.74
million people are living with the disease, marking a 41.4% increase from 2000, resulting in 376,000
mortalities (Thomson, et al., 2023). In the same year, there were 81,100 deaths in children over five
years old, ranking sickle cell disease as the 12th highest cause of mortality (Thomson, et al., 2023). The
economic burden of managing sickle cell disease is also high. A longitudinal study by Johnson, et al.,
(2023) revealed that individuals with sickle cell disease covered by private insurance incur around $1.7
million in medical expenses related to the condition throughout their non-elderly life (0-64 years).
Additionally, the research demonstrated that individuals faced out-of-pocket expenses amounting to
$44,000 throughout their non-elderly lifetimes due to sickle cell disease.

Although sickle cell disease occurs worldwide, it is more prevalent in Africa (Wastnedge, et al., 2018).
While the worldwide incidence of sickle cell disease is 112 per 100,000 live births, the prevalence
differs significantly across regions. Africa experiences a higher rate of 1125 per 100,000 compared to
Europe, which is 43 per 100,000 (Wastnedge, et al., 2018). Sub-Saharan Africa, accounting for about
80% of the global cases of the condition, has the highest prevalence, with Nigeria as the epicenter
(Nwabuko, et al., 2022; Adigwe, et al., 2023). The sickle cell trait is found in approximately 23.7% of
the population in Nigeria. The incidence of sickle cell disease is around 20 cases per 1000 births, leading
to approximately 150,000 babies born annually with sickle cell disease. Without effective and
sustainable control strategies, this number is projected to double by the year 2050 (Oluwole, et al.,
2020). The fatality rate among children in Nigeria varies from 50% to 80% (Adigwe, et al., 2023). This
indicates that the disease is approaching epidemic proportions and requires urgent intervention. The
disease burden is exacerbated by inadequate access to comprehensive healthcare in the region.

Contemporary approaches to managing sickle cell disease encompass preventive measures such as
prophylactic penicillin and vaccinations to reduce the risk of pneumococcal infections. Additionally,
disease-modifying interventions like hydroxyurea are employed, along with blood transfusions for
addressing symptomatic acute anemia, stroke management, preoperative optimization, and the
consideration of bone marrow transplant (Onimoe & Rotz, 2020). However, these measures must be
complemented with appropriate prevention practices to prevent vaso-occlusive crises (Otovwe, et al.,
2019). To attain an optimal and stable state of health, children affected by sickle cell disease require
optimal family support, comprehension, and caregiving, particularly in ensuring sufficient nutrition and
healthcare delivery (Musyoka, et al., 2018). A positive family environment and the implementation of
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suitable preventive measures have been demonstrated as favorable indicators for prognosis (Musyoka,
et al., 2018). ABO blood group genotypes and demographic characteristics such as gender, age, and
marital status can be considered among possible preventive strategies because they have been reported
to influence disease prevalence and treatment outcomes in numerous studies, including those by
Yahaya, et al., (2022) and Yahaya, et al., (2023). These measures may improve management outcomes
when they are factored into sickle cell disease care and management. Unfortunately, in Birnin Kebbi,
northwestern Nigeria, there was a dearth of literature on the ABO blood group genotypes and
demographic characteristics of sickle cell anemia patients.

OBJECTIVE

The primary objective of the current study was to determine the distribution of ABO blood group
genotypes, sickle cell genotypes, and demographic characteristics among sickle cell anemia patients in
Birnin Kebbi, Kebbi State, Nigeria.

MATERIAL AND METHOD

Description of the study area

This study was conducted at the Federal Medical Centre in Birnin Kebbi, Nigeria. Birnin Kebbi serves
as the capital of Kebbi State in North West Nigeria, situated at latitude 12.4539° N, and longitude
4.1975° E of the equator (Anthony, et al., 2015). It is connected by road to Argungu, Jega, and Bunza.
The residents of the town are predominantly of Hausa and Fulani tribes. Birnin Kebbi is located in a
tropical region with an average temperature of 32°C and is characterized by seasonal rainfall, typically
starting in April and lasting until October, with heavy falls in July and August (Yahaya, et al., 2022).
The vegetation in the area consists of sparse trees, such as the neem tree, and a few grasses (Sanni, et
al., 2021).

The Federal Medical Centre Birnin Kebbi is the sole federal health institution in Kebbi State. This
hospital functions as a referral center for the entire Kebbi State and neighboring states, including Sokoto
and Niger States, as well as Niger Republic. This makes the hospital well-suited for the current study.

Data collection

A retrospective and random sampling of sickle cell disease patients who attended the Federal Medical
Centre, Birnin Kebbi, between November 2022 and November 2023 was conducted. Relevant medical
information about the patients was collected using a standardized checklist. The checklist is comprised
of two sections, namely Sections | and Il. Section | encompasses socio-demographic variables,
including the age, gender, religion, educational status, and ethnicity of each patient. Section Il
encompasses medical/health information, specifically the ABO blood group genotypes, sickle cell
genotypes, and severity of sickle cell anemia. All data were analyzed using the IBM SPSS Statistics for
Windows, version 21.0 (IBM Corp., Armonk, N.Y., USA). This study received approval from the Ethics
Committee of Federal University Birnin Kebbi, Kebbi State, Nigeria (Approval number:
FUBK025/2023) on 25-09-2023.

Scoring of the severity of the disease

The severity of the disease was evaluated by scoring it based on the frequency of hospital visits or the
number of episodes per month. The classification was done according to ABO blood group genotypes.
A condition with three visits per month was classified as very severe, twice as severe, once a month as
moderately severe, and once every two months as mild.

Sample size determination
The sample size for the study was calculated using equation 1 below (Amoran, et al., 2017).

_ Z2pq
==
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Where Z is the standard deviation set (1.96), p is the prevalence (0.5), d is the level of precision (0.05),
and n (136) is the number of individuals that attended the hospital between November 2022 and
November 2023. A total of 99 participants were recruited.

Validation of tool

Statistical validation was systematically performed on each question to assess construct validity. A
manual validation process was also implemented for physical records, and a questionnaire was
distributed to patients. The questionnaire was meticulously designed to effectively determine individual
patients' disease status. These methodological approaches collectively contribute to a robust assessment
of validity.

Eligibility criteria

The inclusion criteria comprised eligible medical records of all patients diagnosed with sickle cell
anemia between November 2022 to November 2023. Exclusion criteria included individuals outside the
specified duration, those with incomplete records, and patients not diagnosed with sickle cell anemia.

RESULT

Demographic data of the patients

Table 1 shows the demographic characteristics of the patients, including age, gender, and religion.
The age distribution indicates that the highest number of participants falls within the 1 to 10 age group,
comprising 44 individuals (44.4%). Following this, the 11 to 20 age group accounts for 33 participants
(33.3%), while the 21 to 30 age group has 17 participants (17.2%). The age groups of 41 to 50 years
and 31 to 40 years have 3 (3%) and 2 (2%) patients, respectively. In terms of gender, the study included
48 male participants (48.5%) and 51 female participants (51.5%). Ethnically, the Hausa group
constituted the majority, comprising 72 patients (77.7%), followed by the Fulani with nine patients
(9.1%), Igbo with eight patients (8.1%), Yoruba with seven patients (7.1%), and Zabarmawa with three
patients (3.0%). Examining the religious affiliation of the patients, the majority, 91 individuals
(91.90%), identified as Muslims, while eight individuals (8.10%) identified as Christians.

Table 1. Demographic data of the patients.

Variables Age Frequency Percentage %
Age 1-10 44 444
11-20 33 333
21-30 17 17.2
31-40 2 2.0
41-50 3 3.0
Total 99 100%
Gender Male 48 48.5
Female 51 515
Total 99 100%
Religion Muslim 91 91.9
Christianity 8 8.1
Total 99 100%
Tribe Hausa 72 72.7
Igho 8 8.1
Yoruba 9 7.1
Fulani 7 9.1
Zabarmawa 3 3.0
Total 99 100%

Figure 1 illustrates the distribution of patients across local government areas (LGAS) in the state. The
highest representation was from Birnin Kebbi LGA, accounting for 47%. Jega follows with 8%, Zauro
with 7%, Gwandu and Maiyama with 6%, Yawuri with 5%, and Aliero and Kangiwa each recording
4%. Furthermore, Bunza, Kamba, Argungu, and Koko each represented 3% of the total.
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Figure 1. Local government areas (LGAS) of the patients.

ABO blood groups genotypes of the patients

Table 2 shows the ABO blood group genotypes of the patients. Patients with ABO blood group
genotypes O (33.3%) and A" (18.0%) were the most prevalent and least severely affected by the
condition, while blood group O* (3%) and AB™ (6%) were the least prevalent and most severely affected.

Table 2.Blood group genotypes of the patients.

S/N Blood Frequency Percentage (%)  Severity
group
1. A* 18 18.2 Mild
2. A 10 10.1 Mild
3. B* 6 6.1 Severe
4, B- 6 6.1 Severe
5. AB* 17 17.2 Mild
6. AB- 6 6.1 Severe
7. o* 3 3.0 Moderate
8. O 33 33.3 Moderate
Total 99 100%

Genotypes of sickle cells patients

Figure 2 illustrates the percentages of individuals with sickle cell anemia (hemoglobin SS) and sickle
cell carriers (hemoglobin SC) among the patients. Most patients were diagnosed with hemoglobin SS,
comprising 92.90%, while those with the carrier status of hemoglobin SC accounted for 7.10%,

respectively.
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Figure 2. Frequency of SS and SC genotypes among the patients.

DISCUSSION

The primary objective of the current study was to determine the distribution of ABO blood group
genotypes, sickle cell variants, and demographic characteristics among sickle cell anemia patients in
Birnin Kebbi, Kebbi State, Nigeria. We aimed to provide valuable information for effectively managing
sickle cell disease, as these factors have proven useful tools for managing various diseases.

The demographic data obtained revealed that most patients were between 1-10 and 11-20, with a
significant proportion between 21-30. This observation was likely due to the early onset of sickle cell
disease, a genetic problem that rarely allows affected individuals to reach old age. According to Claeys,
et al., (2021), the age of first clinical presentation of sickle cell anemia globally ranges between 2 and
6 years, aligning with the age range observed in our study. Furthermore, in developed nations like the
United States, a long-term research by Jiao, et al., (2023) indicated a life expectancy of 52.6 years for
sickle cell disease patients at birth, 20 years shorter than healthy individuals. In contrast, in Nigeria, a
developing nation with an inadequate healthcare system, the life expectancy at birth was 57.2 for women
and 55.1 for men (National Bureau of Statistics, 2023). Based on Jiao, et al., (2023), the life expectancy
of sickle cell patients at birth in Nigeria was expected to be less than 40 years, consistent with our
study's results. The results of the current study were in line with those of Nwabuko, et al., (2022), who
reported the preponderance of pediatric age groups (61%) compared to adult groups (39%) in a study
of sickle cell patients carried out in the Federal Medical Center, Umuahia, Abia State, Nigeria. It is also
consistent with the findings of Faruk, et al., (2022), who reported a mean age of 6.3 £ 5.1 years for
sickle cell patients in a federal hospital in northern Nigeria, of which those under the age of 5 years
were 54.1%. Musyoka, et al., (2018) also reported the prevalence of sickle cell disease among children
between 1 and 10 years in Tanzania. The demographic information further reveals no significant gender
disparity in the disease occurrence as males accounted for 48.5% and females (51.5%), which are close
figures. Similar gender proportion closeness was also reported by Adigwe, et al., (2023) among sickle
cell anemia patients in Abuja, Nigeria; however, male participants were in the majority, accounting for
52%. Contrarily, Nwabuko, et al., (2022) reported the preponderance of females (56.6%, n=64)
compared to males (43.4%, n=49) among sickle cell patients in Umuhahia, Abia State, Nigeria. Faruk,
et al., (2022) also reported more males, 286 (62%), than females, 174 (38%), in a survey of sickle cell
disease carried out at a federal medical facility in northern Nigeria. The demographic information
further revealed that the participants were dominated by the Hausa ethnic group and Muslims, which
reflect the dominant ethnic group and the religion of the people of the study area.

The distribution of ABO blood group genotypes among the patients revealed that individuals with O
blood type constituted the majority, followed by A*, AB*, and A", with O* being the least prevalent. A
study conducted by Alagwu, et al., (2016) in Asaba, Delta State, Nigeria, found a similar dominance of
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the O blood group. However, the authors did not specify the proportion of negative or positive types.
Nwabuko, et al., (2022) also reported a prevalence of the O blood group among sickle cell patients in
Umuabhia, followed by A and B blood groups, respectively. Similarly, in a study by Nwabuko, (2017)
in Port Harcourt, Nigeria, the O blood group was predominant, followed by A and B blood groups,
while the AB blood group was absent. A study by Sacomboio, et al., (2020) in Angola revealed that
blood group O was predominant, followed by A, and the combination of these two accounted for well
over half of the participants, mirroring our study's findings. Furthermore, our results indicated that the
condition was less severe among individuals with the O blood group than those with non-O blood
groups. Severity was also lower among individuals in the A blood group, although not as pronounced
as in the O blood group. The reduced severity of the condition among O and A blood groups suggests
that the relatively high prevalence of the disease in these groups may indicate their protective nature.
Amsalu & Daniel, (2019) proposed that the dominance of group O blood could indicate resistance or
protection from diseases, representing an evolutionary success. Studies by Ahmed, et al., (2014) and
Akpan & Asuquo, (2022) demonstrated that sickle cell patients with non-O blood groups had higher
frequencies and risks of vaso-occlusive crises (VOC), attributed to higher levels of von Willebrand
factor-making non-O blood groups a risk factor for frequent VOC and an adverse prognostic index in
sickle cell disease. Additionally, a study by Amodu, et al., (2012) in southwest Nigeria found that O
and A blood groups were predominant among sickle cell patients, with a decreased risk of malaria,
unlike the less dominant B blood group, which showed an increased risk. Therefore, the lower severity
observed in the O blood group could be due to its protective effect against diseases associated with
sickle cell disease, such as malaria. However, some scientists suggest that group O blood is generally
and universally common due to being the ancestral ABO blood group; A and B alleles appeared in the
last 20,000 years and have not spread as much as O in the population Yahaya, et al., (2021). Nonetheless,
this assertion still indirectly points to the evolutionary success of the O blood group, embodying the
concept of 'survival of the fittest.'

Regarding the genotypes of the sickle cell patients, two variants, hemoglobin SS and SC, were
identified, with SS being the predominant genotype. Consistent with our current study, Nwabuko, et al.,
(2022) reported a prevalence of SS over SC in Umuabhia, and Kingsley, et al., (2019) also found SS to
be more dominant than SC in Calabar, Nigeria. However, our study revealed a higher proportion of SC
than other studies, with 7.1% SC reported, as opposed to the 0.14% reported by Kingsley, et al. (2019).
Additionally, Nwabuko, et al., (2022) recorded 98.55% for SS compared to 1.45% for SC. According
to Nwabuko, et al., (2022), studies indicate that while hemoglobin SS is evenly distributed across all
geopolitical zones of Nigeria, hemoglobin SC is less prevalent and more concentrated in western
Nigeria, where it could account for about 3-4%, but is least prevalent in the east of the Niger delta river.
It can then be hypothesized that the comparatively higher prevalence of SC observed in our study
suggests the influence of a modifying factor, potentially favoring the fitness and inheritance of the SC
variant or indicating an increased mutation from SS to SC. However, further studies are needed to
validate these claims.

Strength and limitations

The strength of this study lies in its ability to clearly define the distribution of demographic
information and ABO blood group genotypes among sickle cell anemia patients in the study area.
However, the study is constrained by a small sample size, attributed to restrictions imposed by hospital
management.

CONCLUSION

Demographic characteristics affected the distribution of sickle cell anemia in the city, with the disease
showing a higher prevalence among children aged 1 to 10 and those aged 11 to 20. Furthermore, the
disease affected the Hausa ethnic group and Muslims more than other ethnic groups. However, there
was no gender disparity in the occurrence of the disease. ABO blood group genotypes also influenced
susceptibility to the disease: individuals with blood genotype O-, accounting for 33.3%, and A*,
accounting for 18.0%, were the most prevalent and least severely affected by the condition, while blood
groups O* (3%) and AB" (6%) were the least prevalent and most severely affected. Moreover, HbSS
and HbSC were the dominant sickle cell anemia variants identified among the participants, with HbSS
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(92.9%) being the most prevalent. These findings show that attention should focus equally on males
and females. Particular attention should be directed towards individuals with O and AB" blood groups
in the city, as they exhibit the most severe form of the disease. Considering the comparatively significant
proportion of HbSC in the town, which is less severe, advocating for marriages between individuals
with HbSS and HbSC is advised to decrease the prevalence of HbSS while increasing HbSC. This study
suggests the need for similar research with a larger sample size and the inclusion of more hospitals to
obtain a more comprehensive understanding of the prevalence and characteristics of sickle cell disease
in the city.
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BACKGROUND

Identification is an effort to support an investigator in fulfilling the visum et repertum requirement for
a person's identification. As such, it can be helpful evidence in a criminal prosecution regarding a
person's health, life, or body (Poluan, et al., 2016). Determining the identity of both the living and the
dead, including those with the means to change their identity, such as murderers, criminals, rapists,
parents who have switched babies, people undergoing cosmetic surgery to alter their appearance, and
those suffering from memory loss requires identification in forensic medicine (Romdhon, 2015). In the
event of a mass disaster, forensic identification can play a crucial role in assuring the victim's family of
their identity and offering them psychological comfort (Saputri & Junitha, 2023).

In Indonesia, much information is shared regarding natural disasters that have caused significant
damage, such as landslides, road accidents, tsunamis, and earthquakes. The Indonesian National
Disaster Management Authority (BNPB) has published data indicating that there has been a rise in
disasters in Indonesia so far in 2023, which has contributed to an increase in event charts over time
(National Disaster Management Authority, 2022). The 9.3 magnitude retail scale tsunami that struck
Aceh on December 26, 2004, is one of the natural disasters. More than 250,000 people lost their lives
in an earthquake and massive tsunami that followed earlier. This incident is Indonesia's record for the
highest tsunami ever recorded (National Disaster Management Authority, 2023). Another earthquake
occurred in Yogyakarta 17 years ago, on May 27, 2006, with a force of 5.9 retail scale, which took
thousands of lives (Putri & Kurniawan, 2022). Among these incidents, a common issue is difficulty in
recognizing the victims' bodies when the limb damage is so severe that only a few body pieces remain
(Imran, 2015).

Anthropometrics means measuring the human body, derived from the Latin word anthropos, which
means human, and metron, which means measuring (Tur & Bibiloni, 2019). According to Sanders &
McCormick, (1976) anthropometrics is the study of body dimensions that are important for the design
of objects that other people use. Measurements of the body skeleton proportion that have been measured
are made in an anthropometric order. Gender, race, origin, height, and other factors are also considered
in the forensic science of human identity. The application of techniques for legitimate goals and
scientific procedures both make use of forensic science. Some have suggested that because certain
ethnicities differ in diet and climate, one forensic science of race's characteristics calls for its height
measurement. Thus, additional research from every area must be taken into consideration. (Reddy, et
al., 2018).

Anthropology does play a vital role in identifying humans. A critical parameter for identifying
humans both in life and death is posture. One method used in estimating the body height of partial
remains is, therefore, very useful in forensic science because of such disasters as suicide, tsunamis,
earthquakes, wildfires, airplane accidents, and so on, is a technique used to approximate height by
measuring specific body regions. The most visible posture is based on an excellent upright height and
a definite biological link, as well as on each body part, such as the face, the head, the extremes, and the
nose. Height estimates do not pose a problem if the body of the deceased is found intact. Anthropometric
measures can help identify the body of the victim with a known identity or even an unknown identity
and thus make it easier for investigators to search for the victim's identity (Prenetha & Babu, 2022).

The size of the spine, limb bones, neck, and skull are among the anthropological criteria for
determining body height during identification. According to Shah, et al., (2017), research in India has
demonstrated that head circumference can be used to estimate a person's height. A research by Larasati,
et al., (2018) showed that head circumference has a robust correlation with body height in men of the
Mongoloid race in Pandean, Surabaya. In another study by Bharti, et al., (2019), findings from a study
on the Haryanvi people in the Panchkula area indicated a significant relationship between head
circumference and body height. Research by Eboh & Ohaju-Obodo, (2019) defined a regression model
for height estimates based on specific population characteristics and gender traits in particular
populations and genders. According to the study's findings, a straightforward regression model
incorporating medicolegal factors can assess a person's height based on their head circumference.

Indonesia is the most significant island nation in the world, with 17,508 islands. There are 360
different ethnic groups, each with unique cultural traditions and climates. Tropical conditions support
a diverse range of terrestrial and marine life (Illahi, 2021). The statistical central body census collected
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data showing more than 300 ethnicities and 1,340 Indonesian tribal groups as of 2010 (Graha, 2023).
The province of North Sumatra is home to several different tribes, including the Nias, Javanese, Malay,
and Batak. According to some estimates, there were 41.9% of the Batak tribe, 32.6% of the Javanese,
and 6.3% of the Nias tribe. Based on data from the Civil Registry Service Office (Dukcapil), which
registered around 890 thousand tribal individuals in North Sumatra in December 2021, the Nias is
ranked as the third largest tribe in North Sumatra (Jayani, 2021). However, for the Nias tribe, specific
anthropometric information is still scarce for forensic and identification purposes. This is urgent, given
Indonesia’'s numerous natural disasters and criminal prosecutions. Thus, we aimed to investigate the
correlation between body height and head circumference among the Nias tribe of North Sumatra.

OBJECTIVE

The study aimed to determine whether head circumference and gender-specific height were correlated
and to develop formulas for determining headband-based height in Nias students at the University of
HKBP Nommensen Medan.

MATERIAL AND METHOD

This study method was descriptive observational research using a sectional view design where the
data collection occurs only once in a given moment. The study was conducted from September to
October 2023 at the University of HKBP Nommensen using an observational cross-sectional design.
Of the 100 students who met the inclusion criteria, 50 were men, and the remaining 50 were women.
The study's inclusion requirements included being a current student at HKBP Nommensen University
between the ages of 20 and 30, belonging to the Nias ethnic group, not having married into another
ethnic group for at least two generations, and being willing to sign an informed consent form. In the
meantime, having congenital deformities affecting the skull, trauma or dislocation affecting body
height, having undergone or are undergoing a height-affecting dislocation, fracture, trauma, or injury;
having previously undergone height-affecting surgical therapy; having a history of growth hormone
imbalances or birth defects (such as dwarfism and acromegaly); and having a history of spinal
abnormalities (lordosis, kyphosis, scoliosis) were the exclusion criteria for this investigation. The
Health Research Ethics Community, Faculty of Medicine HKBP Nommensen University approved the
study, with approval number 535/KEPK/FK/1X/2023 on 12 -09-2023.

In this study, head circumference was the dependent variable, and the body height was the independent
variable. A microtoise was used to measure people's heights. The individual stands straight, with their
arms hanging at their sides and their head aligned with the Frankfort Horizontal Plane (FHP). With the
feet together and the body upright, measurements were taken from the vertex, or highest point on the
head, to the heel. The measurer lines up the eye parallel to the height measuring rod and reads the
measurement by glancing at the number printed on the microtoise. Following the decimal point, results
were reported in centimetres to one digit. The measurement results were recorded in the questionnaire's
height column under the respondent's identification information. Head circumference measurements
were made while the participant was seated in the FHP plane at the level slightly above the glabella, or
the midpoint between the brow ridges, to the opisthocranion perpendicular to the midsagittal plane.
Pressing the tape on the hair requires hard pulling. The tape should not be allowed to slide past the head
by using the middle finger on the side of the head. The ears were prevented from being inserted.
Hairpins, clips, or similar objects would not be poked into the hair during the measurement. The
measurement findings were recorded in the questionnaire's head circumference field. Both variables
underwent three separate measurements, each performed by a trained individual. The average values
were the measurement findings that were utilized. Every day, at the same time, between 08.00-09.00
am, measurements were taken until the necessary sample size was obtained.

The iPhone "Scoliometer” version 6.1 was used for scoliosis evaluation to rule out exclusion criteria.
An examination was conducted to determine the Trunk Rotation Angle (ATR). The respondent must
remove all clothing from the upper body during the scoliometer examination to fully view the ribs and
spine. Wearing a sleeveless T-shirt and a head knot was necessary for ladies, but men can go bare-
chested.
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To evaluate the respondents, they had to bend forward until their shoulders were parallel to their hips.
The respondents were instructed to stand with their knees straight, their feet parallel, and their hands
hanging loose (Figure 1). The replies were then leans forward, feet together, knees straight, and hands
either dangling freely (Safitri, et al., 2020). The cellphone's long side must be positioned at the top of
the spine, above the spinous process, without being pressed, for the scoliometer program to work (Shaw,
et al., 2012). Next, the curve degree numbers displayed on the software were read. Regarding early
detection, values below 5° were deemed negligible and had little bearing on the outcomes of height
measures (Nabila, 2020).

Figure 1. Forward bending position.

Kyphosis and lordosis assessments were carried out with the "Goniometer" iPhone app version 4.0.1.
The phone's short side was positioned over the anatomical landmarks (T1-T3, T12, and L1) indicated
on the spine for the goniometer software to function. The protractor was first set to 0°, and the phone
was placed on the spinous processes of T1-T3. After that, the phone was positioned on the spinous
processes of T12 and L1, and the angle shown on the screen was noted as the Thoracic Kyphosis Angle
(TKA). The mobile's short side was positioned above the spine's anatomical markers (L1, L5) to
measure the lordosis angle. The protractor was set to 0°, and the phone was positioned in L1's spinous
process. Next, the cell phone was placed on the L5 spinous process, and the angle value displayed on
the screen was recorded as Lumbar Lordosis Angle (LLA) (Elpeze, et al., 2023).

Data distribution was presented in a descriptive form with deviational standards and an average of
normal data or a maximum distribution and value for the spread of abnormal data. Because the sample
size was greater than 50, the data was examined using the Kolmogorov-Smirnov normality test on the
entire data set. Next, a linearity test was performed to ascertain whether the data were appropriate for
testing via a correlation test. The correlation test should be performed if there is a linear relationship
between the two data sets; otherwise, it should not be employed. Positive linearity implies that as one
variable's value rises, the value of another variable also increases. In contrast, negative linearity shows
that when one variable's value rises, the value of the other variable falls. When testing for correlation,
linear data will be put through the Pearson correlation test if the distribution of the two data is normal
and the Spearman correlation test if not. In the p-value correlation test, a value of less than 0.05 indicates
a significant correlation between the two variables under investigation. In contrast, a value greater than
0.05 indicates no considerable association (Dahlan, 2021). Scientists worldwide have employed the
regression approach and the multiplication method extensively for this kind of computation, and they
have all concluded that regression analysis offers the best estimates for stature reconstruction (Krishan,
et al., 2010). Thus, linear regression analysis was applied to create a regression equation that may link
this study's dependent and independent variables. Statistical analysis used IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, N.Y., USA) and Microsoft Office Excel 2016.
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RESULT

A sampling method was used to acquire samples from up to 100 individuals. According to Table 1,
the distribution of sample characteristics based on the 21-year-old span was 67 people (67.0%), 23
people (23.0%) who were 22 years old, and 10 people (10.1%) who were 23 years old. Fifty males
(50.0%) and fifty women (50.0%) comprised the gender distribution.

Table 1. Sample characteristics.

Variable Category  Total Percentage
21 67 67.0%

Age 22 23 23.0%
23 10 10.0%

Sex Male 50 50.0%
Female 50 50.0%

Table 2 shows the values of the two variables. The male sex's average height was 167.4 cm (SD=5.16),
whereas the female sex's average height was 155.4 cm (SD=5.18). Male sex-related head circumference
values were 54.15 cm (SD=1.46) and 52.97 cm (SD=1.87) for women. Descriptive statistics showed
that the two variables were more significant in men than women. Table 2 reveals that p=0.000 indicates
a significant association between the height of both sexes and head circumference. The head
circumference and the height of the two sexes had a high positive link, as indicated by Pearson's Pearson
correlation values of 0.908 and 0.986.

Table 2. Variable description based on gender.

Variable Female Male
Mean SD r (p-value) Mean  SD r (p-value)
. 0.908
Height 167.4 5.16 (0.000) 155.4 5.18 0.986 (0.000)
Head circumference 54.15 1.46 52.97 1.87

Table 3 shows that regression analysis from a simple, linear analysis obtained the value of an
independent variable constant of -2.609 and a 3.200 regression coefficient, with a value of p=0.000 (p<
0.05).

Table 3. Simple linear regression analysis.

Standard

Variable Constant Coefficient g;ror p

the estimate

Head Male -2.672 3.200 2.1872 <0.001

ﬁ:a ricguhrpference and Female 10.970 2728 0.8689 <0.001
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Simple linear regression equations based on sex as follows:
1. On the male sample :

Y = (-2.672) + 3.200 X

Y =(-2.672) + 3.200 (head circumference)

Y = 3200 (head circumference) — 2.672

2. On the female sample:
Y =10.970 + 2.728 X
Y =10.970 + 2.728 (head circumference)

Description:
X = Head circumference
Y = Body height

DISCUSSION

The HKBP University Nommensen Medan is home to a diverse range of tribes because its students
are from all parts of Indonesia. Approximately one hundred participants who satisfied the inclusion and
exclusion criteria were included in the study. The measurements showed that the female form measured
155.4 cm, and the male figure was 167.4 cm on average. This was comparable to past studies on the
Mongoloid race by Afandi, et al., (2021) when it was discovered that women had a flatbed measuring
156.2 cm and men had a flatbed measuring 167.3 cm. However, a notable finding from a study by
Prenetha & Babu, (2022) at Saveetha Dental College on first-year students between the ages of 18 and
20 years old was that women's height was 158.62 cm and men's was 173.54 cm. Eboh & Ohaju-Obodo,
(2019) study at six universities in southern Nigeria, students with Bekware, Esan, Kalabari, Ogbia, and
Urhobo who were 18 to 30 years old obtained height in male 151 cm and female150 cm. This could be
the case due to various factors influencing height growth, including nutrition, race, and environment.

The head circumference of the male was 54.15 cm larger than the woman's, measuring 52.97 cm,
according to the findings of the univariant test of head circumference. This contrasts previous research
on young Guijarati people between 18 and 22, which discovered that the female's head circumference
measured 50.5 cm and the male's measured 55.6 cm (Bharti, et al., 2019). Additional research conducted
in southern Nigeria yielded similar head-girl-line results of men measuring 52.1 cm and women
measuring 54.1 cm (Eboh & Ohaju-Obodo, 2019).

A Pearson test for the line-ring correlation between the height of the body and the head circumference
was the statistical outcome of this investigation. The head circumference and height had a high and
substantial link, with a coefficient correlation of r =0.908 and a significant p-value of 0.000 for females
and r=0.986 and a significant p-value of 0.000 for males. These findings in both the female and male
groups demonstrated a very high association between head circumference and body height. This study
correlated with a study conducted on the Mongoloid by Afandi, et al., (2021), which found a strong and
substantial association between height and head circumference among the students of the University
Medical School (p<0.05). According to a study by Febriawan, (2015), also on a Mongoloid race, there
was a strong and significant correlation of r = 0.61 (p<0.05). The research conducted by Mansur et al.
at Kathmandu University School of Medical Sciences in Dhulikhel, Nepal, from November 2011 to
October 2012 revealed a strong correlation between height and head circumference. The correlation
coefficients were 0.443 (p < 0.01) for males, 0.302 (p < 0.01) for females, and 0.398 (p < 0.01) for both
genders combined. The regression equation for the relationship between height and head circumference
was determined to be Y = 1.734X + 70.36 (R2=0.196) for males, Y =0.916X + 106.8 (R2= 0.091) for
females, and Y = 1.648 for the overall population (Mansur, et al., 2014). A study by Eboh & Ohaju-
Obodo, (2019), conducted at six universities in southern Nigeria and involving students aged 18 to 30,
has yielded a different conclusion from this study. Specifically, their association was modest, with
r=0.48 (p<0.05). Additional research that supported Eboh & Ohaju-Obodo, (2019) findings was carried
out at Saveetha Dental College on first-year students between the ages of 18 and 20, consisting of 35
males and 35 girls. The results showed a small relationship with r = 0.45 (p=0.05) (Prenetha & Babu,
2022).
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Based on the information above, head circumference is among the best parameters discovered to have
a strong and substantial link with an individual's height. Thus, in medical-legal investigations and
anthropometry, if one of the two measurements, i.e., the person's height or head circumference, is
known, the other can be calculated. A fundamental linear regression analysis was conducted on this
study, yielding a significance value of 0.000. A value of <0.05 was considered significant.

Strength and limitations

The benefit of this research is that it provides a formula for calculating an individual's height using
their head circumference measurements. Additionally, the study was conducted particularly for the Nias
tribe, one of the ethnic groups that predominately resides in Medan. The research has a problem in that
it does not categorize the Nias tribe according to their geographical areas of residency, which
significantly impacts how the human body is shaped anatomically.

CONCLUSION

There was a significant correlation between head circumference and height. This research can help in
the identification process in the forensic field.
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Background: Pulmonary tuberculosis has the potential to raise
iliness and death rates on a global scale significantly. A low sputum
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indicators of failure in pulmonary TB treatment. Virgin coconut oil
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the effect of VCO supplementation on sputum AFB conversion
rates, superoxide dismutase (SOD) levels, and body mass index
(BMI) status of pulmonary TB patients. Material and Methods:
This study was an analytic experimental study measuring BMI levels
and SOD levels at the Pekauman Community Health Center, Sultan
Suriansyah Hospital, and Ulin Hospital, Banjarmasin, Indonesia,
between July and September 2023. This study, 40 samples were
separated into two groups: the treatment group, which received first-
line antithyroid drugs (ATD) with VCO, and the control group,
which received first-line ATD and a placebo. Results: Based on the
proportion, there was an improvement in the acceleration of BTA
sputum conversion, and from the mean BMI and the median value
of both groups, there was a decrease in SOD levels after VCO
administration. No statistically significant association was found
between VCO administration and accelerating the AFB sputum
conversion and BMI at the end of the fourth and eighth weeks
(p>0.05). Additionally, there was no relationship considered
between VCO administration and reducing SOD levels before and
after treatment (p>0.05). Conclusion: VCO administration had no
relationship with the level of AFB sputum conversion, reduction in
SOD levels, and BMI status in pulmonary TB patients.
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BACKGROUND

Tuberculosis (TB) has existed for thousands of years but remains a significant health issue in most
countries with low incomes. The World Health Organization (WHO) reported 10.6 million new cases
of tuberculosis in 2021, an increase of 600,000 cases from 2020, which was anticipated to be 10 million
cases, with a mortality rate of more than 1.6 million (World Health Organization, 2022). Indonesia has
the highest prevalence of TB cases among all countries. The country ranks second globally with a total
of 969,000 cases and an incidence rate of 354 cases per 100,000 population (Firdaus, et al., 2023). In
2022, the South Kalimantan Provincial Health Service recorded a total of 7556 cases, out of which 3861
(51%) were confirmed to be positive for acid-fast bacilli (AFB) in sputum samples. Among these cases,
Banjarmasin City accounted for 1768 cases, with 819 (46%) being positive for AFB sputum (Sukarli &
Mahdani, 2023).

The high mortality rate resulting from failure to treat pulmonary TB is a concern. An important thing
in evaluating treatment is assessing the conversion of AFB sputum. Sputum conversion in pulmonary
TB cases occurs at the end of the first month (60-80%) and at the second month (95%). However,
around 9% of cases do not experience sputum conversion (Aliyah, et al., 2016). AFB sputum conversion
is a guideline for determining treatment success with a minimum rate of 80% (Mahendrani, et al., 2020).

Virgin coconut oil (VCO) has gained significant popularity and is extensively advocated and utilized
for its health benefits. Coconut oil can also be referred to as tropical oil or lauric oil. VCO is natural oil
due to its production procedure, which does not include heating. VCO possesses antibacterial,
antioxidant, and anti-inflammatory properties (Bhatt, et al., 2021; Mela & Bintang, 2021). Nutritional
status is also a determining factor in the success of pulmonary tuberculosis treatment based on
measuring body mass index (BMI). The sputum conversion rate in patients with a BMI <18.5 kg/m?
was lower than in patients with a BMI >18.5 kg/m? (Sari, et al., 2019).

The efficacy of therapy is also impacted by internal factors, one of which is oxidative stress (SO).
SO occurs due to an imbalance between free reactive oxygen species (ROS) and antioxidant
mechanisms, which play a crucial role in the inflammatory process in TB patients. Pulmonary
tuberculosis carries a significantly higher chance of developing significant organ damage compared to
other organs (Shastri, et al., 2018). Antioxidants in VCO, such as polyphenols, have been studied to
prevent and treat diseases caused by oxidative damage. This polyphenol content can increase
endogenous antioxidants, the SOD (Ighodaro & Akinloye, 2018).

OBJECTIVE

The main objective of this research was to determine the effects of VCO supplementation on sputum
AFB conversion, SOD levels, and BMI in patients with pulmonary tuberculosis. The primary objective
of this study was to examine the differences in AFB seroconversion, SOD level, and BMI following the
administration of VCO supplementation at the end of the 4" and 8" week of the intervention.

MATERIAL AND METHOD

This study was analytic experimental research conducted on TB patients who were confirmed
bacteriologically by examination of sputum AFB and TCM, SOD, and BMI levels at the Pekauman
Community Health Center, Sultan Suriansyah Regional Hospital, and Ulin Regional Hospital,
Banjarmasin, Indonesia. The research samples were all pulmonary TB patients diagnosed
bacteriologically with positive AFB sputum and TCM MTb detected sensitive rifampicin who were
examined and treated at the Pekauman Community Health Center, Sultan Suriansyah Regional
Hospital and Ulin General Hospital Banjarmasin from July to September 2023, based on specific
inclusion and exclusion criteria.

Inclusion criteria for this study included patients who were over 18 years of age and had signed
informed consent, patients who were diagnosed with pulmonary TB based on positive AFB sputum
results and sensitive rifampicin-detected TCM MTb who had not undergone first-line ATD treatment,
TB patients were domiciled in the city of Banjarmasin, TB patients body weight and body height.
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Exclusion criteria in this study were domiciled outside Banjarmasin, the patients who had undergone
TB treatment for less than one month, patients who did not follow the research protocol in an orderly
way, and patients who experienced severe side effects.

Sampling technique

The research sample was selected using simple random sampling in compliance with the inclusion
and exclusion criteria. The study's sample was divided into two groups: patients receiving first-line
ATD as a placebo control and those receiving first-line ATD with a dose of 1x30 ml VCO as the
treatment group. The research was comparative analytic research using an unpaired numerical
measurement scale from Dahlan, (2011):

_512(n1_1)+522(“2_1)

Sn
(ny +n, —2)
Legend:
N, = first group based on literature.
N, = second group based on literature.
S: = Group one standard deviation based on literature.
S, = Group two standard deviation based on literature
g2 = Stu-D+S3(np-1) g2 — 288
ng+n,—2 ) 38
S2— 4%(20-1)+6%(20-1) S°=126
- 20+20-2 S=+26
S2— 16(19)+36(19) S=5,00
52— 304+684

38
So, the sample size is calculated using the formula above, using a hypothetical 5% alpha.

The research instruments were informed consent, a blood chemistry tube, a 3-cc injection syringe
(One Med), a cooling box, a fridge or freezer, an Eppendorf 5702 brand centrifuge, sputum pot, glass
objects, Ziehl Nielsen staining (Bio Analitika-3729298000-AL2-119592672), a spiritus lamp, a light
microscope (Mikroskop Cahaya-3899601999-PP2-194217438), scales and meters (GEA), and liquid
VCO (VCO TJ PT. Byhaf).
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Figure 1. Flow chart of the research.

Patients who were suspected of having pulmonary tuberculosis were evaluated for AFB and TCM. If
TCM MThb is detected and AFB is positive, it was included in the examined sample group. Afterward,
informed consent was provided. The patients provided blood samples of 3 cc each, which were then
subjected to centrifugation to separate the serum. The obtained serum was after that sent to the
Banjarbaru biochemistry laboratory to measure the SOD levels. Then, the patients had a weight and
height measurement to asses their Body Mass Index (BMI). During therapy for pulmonary tuberculosis,
the patients were administered 30 cc of VCO daily for two months. The BW and height examination
was conducted at the end of the first month of TB treatment and additional VCO supplementation. At
the end of the second month, the patients were examined for BTA sputum, blood BW, and height. A
3cc blood sample was taken from the fold of the arm, and the serum was taken to check the SOD levels
at the Banjarbaru biochemistry laboratory. Then, the data were subjected to statistical analysis, and a
report was made.

Data analysis

The data were analyzed using the IBM SPSS Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, N.Y., USA). The data had previously been tested for homogeneity and normality. The initial
data were analyzed using univariate analysis, which used descriptive statistics to show normally
distributed values as mean and standard deviation and non-normally distributed values as median and
range. Bivariate analysis was conducted utilizing parametric tests and the independent t-test to quantify
SOD and BMI levels. The Mann-Whitney test was employed when the data distribution was not normal
(p< 0,05). The Chi-Square test was also used to analyze sputum conversion (p> 0,05). Fischer exact test
was employed if the expected count value was <5 and >20 (p> 0,05).

Ethical approval

Ethics permission was obtained with the approval and consideration of the Ethics Commission of the
Faculty of Medicine, Lambung Mangkurat University (No. 314/KEPK-FK ULM/EC/X/2023) on 02-
10-2023, and the Ethics Commission of the Research and Development Agency of ULIN Hospital
Banjarmasin (No. 162/V1I-Reg Riset/RSUDU/23) on 25-07-2023.
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RESULT

Subject characteristic

Table 1 describes data on age, gender, smoking, type of cigarette, Brinkman index, length of time to
stop smoking, comorbidities, occupation, body weight, nutritional status, and side effects after two
months of treatment.

Table 1. Sample characteristics in treatment and control groups.

Data
Sample characteristics DOTS+VCO DOTS+ Placebo
(n=20) (n=20)
Gender Male (%) 14(70) 12(60)
Female (%) 6(30) 8(40)
Age 18-24 (yo) 3(15) 4(20)
25-34 (yo) 2(10) 3(15)
35-44 (yo) 3(15) 6(30)
45-54 (yo) 6(30) 1(5)
>55 (yo) 6(30) 6(30)
Smoking Smoker (%) 14(70) 12(60)
Not smoker (%) 6(30) 8 (40)
Brinkman index Mild (%) 6(42,8) 3(25)
Moderate (%) 7(50) 7(58,3)
Severe (%) 1(7,1) 2(16,6)
Comorbidities Hypertension (%) 3(15) 2(10)
Diabetes (%) 4(20) 5(25)
Hypertension and diabetes (%) 2(10) 0
COPD (%) 0 1(5)
HIV (%) 0 1(5)
No comorbidity (%) 11(55) 11(55)
Weight Before treatment (mean) 45.45 50.12
End of 41 week (mean) 47.17 51.35
End of 81 week (mean) 49.15 535
Good nutrition Before treatment (mean) 8(40) 10(50)
End of 4™ week (mean) 10(50) 10(50)
End of 8™ week (mean) 14(70) 11(55%)
Malnutrition Before treatment (mean) 12(60) 10(50)
End of 41 week (mean) 10(50) 10(50)
End of 81" week (mean) 6(30) 9(45)
Side effects Nausea 7(35) 0
Diarrhea 2(10) 0

Legend: SD: Standard deviation.

Table 1 shows that the most common gender in the treatment and control groups is male, with 14
individuals (70%) in the treatment group and 12 individuals (70%) in the control group. Meanwhile, for
age characteristics in the control group, it was found that the highest age range was 35-44 years (30%)
and age >55 years (30%), while in the treatment group, the age range of 45-54 years and >55 years were
dominated by 30% each.

According to smoking data history, 12 (60%) samples of the control group smoked, and 8 (40%)
samples of non-smokers. Meanwhile, in the treatment group, data were obtained that 14 (70%) people
smoked and 6 (30%) people did not smoke. The Brinkman index found that most of the control group
were moderate smokers (58.3%), followed by light smokers (25%) and heavy smokers (16.6%). In the
treatment group, it was also found that the majority were moderate smokers (50%), followed by light
smokers (42.8%) and finally heavy smokers (7.1%).

In the treatment group, the most prevalent comorbidity among study subjects was diabetes mellitus
(DM), with a rate of 4 people (20%). In the control group, DM occurred in 5 people (25%).
Hypertension ranked second in both groups, with three people (15%) in the therapy group and two
(10%) in the control group. The combined number of individuals with comorbidities in both the
treatment and control groups was nine people each, accounting for 45% of the total.

Journal homepage: https://e-journal.unair.ac.id/MBIO/
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Table 1 shows that the control group (first-line ATD + placebo) and the treatment group (first-line
ATD + VCO) had weight gain. However, it was seen that the placebo group had a higher mean BW
compared to the treatment group. In Table 1, the nutritional status of the treatment group in the good
category experienced a significant increase from 8 people (40%) to 10 people (50%). At the end of the
8™ week, it increased to 14 people (70%). The malnutrition category decreased significantly from 12
people (60%) to 10 people (50%) at the end of the 4™ week, and also at the end of the 8" week it
decreased to 6 people (30%).

The control group did not experience any adverse effects due to the placebo administration. In the
meantime, the treatment group experienced two adverse effects: diarrhea and nausea. Nausea was the
most prevalent adverse effect in 35% of the treatment group samples, while diarrhea was observed in
10% of the treatment group.

Table 2. BMI normality tests.

Normality test Kolmogorov-Smirnov? Shapiro-Wilk
Statistic  df Sig. Statistic  df Sig.
IMTO 131 40 .082 .960 40 A71*
IMT 1 .106 40 200" 977 40 .582*
IMT 2 148 40 .028 .950 40 .078*
SOD 1 .210 40 <.001 .909 40 .004
SOD 2 .084 40 .200* 970 40 .361*

Table 2 shows that the Shapiro-Wilk test is carried out for BMI status in the treatment and control
groups because the sample size is <100 patients. The data before the intervention, in the first and fourth
week, showed p>0.05, so the sample distribution was normal and met the requirements for the unpaired
t-test to be carried out further.

The research subject data were tested for normality on SOD levels. We carried out the Shapiro-Wilk
test because the sample size was <100 patients to assess the normality of data distribution. The data
would be normally distributed if the significance value is (p>0.005). Based on the data from the
normality test, results on SOD levels before treatment revealed p=0.004 (p<0.05), so the SOD data
before treatment were not normally distributed. Whereas SOD levels after the eighth week of treatment
showed p=0.361 (p>0.05), indicating normally distributed data.

Variable characteristics

The variable characteristics of this study were the AFB sputum conversion rate and changes in BMI
status at the end of the 4™ and 8™ weeks as well as changes in SOD levels before and after eight weeks
in the treatment and control groups.

Table 3 shows that ten patients (50%) in the control group who were given a placebo converted to a
negative AFB sputum at the end of the 4th week, and the remaining ten patients (50%) had not
experienced conversion. Meanwhile, at the end of the 8" week, 17 patients experienced negative
conversions (85%), and three failed to convert (15%). In the treatment group receiving VCO, there was
a conversion of AFB sputum to negative at the end of 4" week. As many as 16 patients (80%) and the
remaining four (20%) had not experienced conversion. Meanwhile, at the end of the 8" week, 20
patients (100%) experienced negative conversions. Chi-square analysis of conversion status after four
weeks of ATD treatment in the control group and treatment group receiving VCO supplementation
(Table 2) reveals no significant difference in conversion status with p=0.110. From the results of the
tabulation of the chi-square test on AFB sputum conversion at the end of the eighth week, it was found
that two cells had an expected count of < 5, so a Fisher exact test was carried out, and the results were
p=0.231 (p>0.05).
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Table 3. Variable characteristics in treatment and control groups.

Data
Variable characteristics ATD+ VCO ATD+Plasebo p
(n=20) (n=20)
AFB sputum  End of 41 week (%) 16(80) 10(50) 0.110
conversion End of 8t week (%) 20(100) 17(85) 0.231
BMI Before treatment 17.53+3.33 19.04+3.05 0.614
(meanxSD)
End of 4t week 18.48+3.56 19.29+£3.33 0.872
(meantSD)
End of 8" week 19.32+3.62 20.12+4.08 0.430
(mean+SD)
SOD level Pre (median[min-max]) 0.019 0.017 0.114
(0.001-0.033) (0.003-0.03)
Post (median[min-max]) 0.013 0.0135 0.989
(0.000-0.031) (0.000-0.025)
Legend: BMI: Body mass index; SOD: superoxide dismutase; AFB: Acid-fast bacilli; SD: Standard

deviation.

SOD levels in the treatment group before treatment had a median of 0.019 (0.001-0.033) decreased to
0.013 (0.000-0.031) at the end of the 8™ week. SOD levels in the control group before treatment had a
median of 0.017 (0.003-0.03) decreased to 0.0135 (0.000-0.025) at the end of the 8" week. Based on
the non-parametric test analysis with the Man Whitney test in Table 3, the results obtained before
treatment have p=0.114, and after administration of VCO, the p-value is 0.989 (p>0 .05).

The mean BMI value in the control group increased from 19.04 + 3.05 kg/m? before intervention to
19.29 + 3.33 kg/m? at the end of the 4™ week and again to 20.12 + 4.08 kg/m? at the end of the 8"week.
The mean BMI value in the treatment group increased from 17.53 + 3.33 kg/m? before the intervention
to 18.48 + 3.56 kg/m? at 4" week and again to 19.32 + 3.62 kg/m? at the end of the 8" week. From the
results of the unpaired t-test on BMI status before treatment, the p-value was 0.614. Then, at the end of
the 4" week, the BMI status had p=0.878, and at the end of the 8th week, the BMI status had p=0.43
(Table 3).

DISCUSSION

Several studies showed that VCO was beneficial against TB. In pulmonary TB patients who are
administered first-line ATD in conjunction with VCO tablets, the conversion of AFB sputum can be
expedited. The content of a long chain of saturated fat known as glyceryl monolaurate, which functions
as a potent bactericide for pulmonary tuberculosis, accelerates the conversion (Djannah, 2022).

Sample characteristic

In 2020, based on WHO data, it is estimated that 5.6 million men (56%) and 3.3 million women (33%)
will be infected with MTb germs. Based on data from the Ministry of Health regarding the total number
of tuberculosis cases, tuberculosis cases in men more than in women both in 2021 (men 57.7%; women
42.3%) and 2022 (men 57.8%; women 42.2%) (Sukarli, 2022). This aligns with this research where the
majority were men in the placebo group, as many as 12 patients (60%), and 14 patients (70%) in the
treatment group.

Age is a unit of time in a person's life from birth to the present. The age classified as unproductive is
58 years, while the productive is 15-58 years. The productive age refers to the period in a person’s life
when they are most likely to interact frequently with others in educational, professional, or other social
settings (Novita, et al., 2022). TB sufferers in productive age reached 75%, while the rest occurred in
non-productive age (Novita, et al., 2022). The data presented aligns with the findings of this study,
indicating that the majority of individuals in the research sample were between the ages of 45 and 54
and >55 years old, accounting for 30% each in the treatment group. Similarly, in the control group,
individuals aged 35-44 and >55 years old accounted for 30% each.
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Cigarettes contain 4500 harmful substances that enter the body and damage some of the lung's defense
mechanisms, which can interfere with mucosal cleansing and decrease the function of alveolar
macrophages to phagocytose bacteria (Velayati & Farnia, 2016). The research revealed that 26
individuals (65%) from the 40 research samples smoked. The treatment group consisted of 14 patients,
while the control group consisted of 12 patients. Therefore, it was hypothesized that the immune system
declined since many of the research subjects smoked, resulting in the discussion of the healing process
from pulmonary TB.

In this study, the majority (58.3%) had a Brinkman index of 200-599, indicating that there were
moderate smokers, and there were 17.1% of heavy smokers with a Brinkman index of more than 600
in the control group. Meanwhile, in the treatment group, the Brinkman index was lower, with 50%
moderate smokers and 7.1% heavy smokers. The toxins caused by smoking accumulate in the body
over time, causing more dangerous consequences (Magfirah, et al., 2020).

Comorbidities associated with the development of tuberculosis and poor outcomes are HIV infection,
diabetes mellitus (DM), kidney disease, and smoking, as described in Figure 2. Diabetes, smoking, and
HIV infection are known to influence the metabolic state of the host, macrophages, and systemic levels
(Llibre, et al., 2021). In this study, there was one sample (2.5%) who had comorbid HIV in the control
group, and nine samples had comorbid DM (22.5%). In TB patients, the prevalence of DM after
screening ranges from 1.9% to 35%, with the highest rates in countries with high diabetes rates
(Fadillah, et al., 2021).

HIV Smoking

HIV infection & reservoir MNumbers (116)
(150, 164, 165) L Metabolic activity (33)
LTNF secretion (160, 161) \/Spare respiratory capacity

J Phagocytosis (166) (33, 117? -
UVesicle acidification? (168) J Glycolytic shift after M.tb challenge
(33)

AM

Diabetes

TAM lation recruif (132)
JVNumber of hypodense AMs (137)

JLActivation (137)

L CD14 and MARCO expression (138)

J Phagocytosis (138)

JT-cell priming (138)

N Ox-LDL accumulation (142)

Figure 2. Comorbid in tuberculosis affect on alveolar macrofag. smoking, HIV infection, and
diabetes disturbed alveolar macrophage phenotype (Bahtiar, 2021).

Relationship between VCO and AFB sputum conversion improvement

At the end of the 4™ week, the Chi-Square test tabulation results indicated no relationship between
VVCO administration and AFB sputum conversion, as indicated by p=0.110 (p>0.05). Similarly, the Chi-
square test results on AFB sputum conversion at the end of the 8" week revealed that two cells had an
expected count of <5, necessitating a Fisher exact test. The results were p=0.231 (p>0.05), indicating
no relationship between VCO administration and, at the end of the 8" week, an increase in the rate of
AFB sputum conversion. There was no significant increase in AFB sputum conversion in the 4" and 8t"
weeks after VCO administration. This might have been because of factors that made the results unclear,
such as smoking, the level of bacteria in AFB sputum, and having DM simultaneously. In numerous
studies, smoking is an independent predictor of changes in sputum conversion. Smoking suppresses the
lung's defense mechanisms against infection (Anandaraj, et al., 2017).

Administering VCO has a positive effect on increasing the conversion of AFB sputum. Sputum
conversion is a strong predictor of the effectiveness of TB treatment. AFB sputum conversion was 60—
80% in the first month and 95% in the second month (Dewi, 2019). In this study, the conversion results
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in the first month for controls who received a placebo were 45% lower than in previous studies.
Compared to previous studies (Djannah, 2022), those who received VCO converted 70% less AFB
sputum. Meanwhile, in the second month of the study, the control conversion rate was 85%, which was
lower than the previous study (Djannah, 2022), and those who received VCO resulted in 100%, which
was higher than the earlier research findings.

At the end of the fourth week, 45% of the AFB sputum conversion failure rate was still positive for 1,
and 5% was positive for 2 cases. Then, at the end of the eighth week, 15% of those who failed to convert
were three patients. This indicated that these three individuals' bacterial count remains elevated, and
this patient had comorbid DM. This was based on the hypothesis that the immune system's impairment
in patients with TB and DM leads to a decrease in the activation of alveolar macrophages and the ability
to produce interleukins, resulting in a delayed conversion of AFB sputum (Anandaraj, et al., 2017). In
this study, the comorbid condition of DM was controlled with regular treatment.

The relationship between VCO and reducing SOD levels

Chattopadhyay's, (2019) study measured serum SOD activity in pulmonary TB patients treated with
first-line ATD for 0—15 days and then one month after the next ATD. Pulmonary and extrapulmonary
TB patients had significantly increased SOD levels before treatment, which can be used as an early
marker of MTb infection. Serum SOD was reduced by 31% in pulmonary TB patients and by 29% in
extrapulmonary TB patients after one month of first-line ATD. In some patients, SOD levels may
remain elevated during the first month of treatment due to drug resistance. Consequently, some patients
must respond to first-line ATD (Chattopadhyay, 2019).

The results of the Man-Whitney test in this study were p>0.05, indicating that there was no statistically
significant difference in the administration of VCO to reduce SOD levels in pulmonary TB patients.
The absence of statistical significance may be attributed to the presence of factors that affect oxidative
stress in pulmonary TB patients, such as hypertension, diabetes mellitus, and smoking behaviors
(Cardoso, et al., 2015).

At the end of the eighth week, the treatment group experienced a proportional decrease in SOD levels
compared to before the VCO treatment. This was due to a reduction in the oxidative stress process,
considered a marker of recovery for pulmonary TB patients, and a decrease in the virulence of MTh
germs. The pulmonary tuberculosis infection process resulted in elevated intracellular oxidative stress
conditions, leading to higher SOD levels before treatment than after treatment.

The effect of VCO on nutritional status

The unpaired T-test analysis found p>0.05, so there was no relationship between VCO administration
and increasing BMI levels in the control and treatment groups before the intervention at the end of the
4th and 8th weeks. This was due to the non-homogenized nutritional status in the study, indicating that
not only the micronutrient content of VCO but also multifactorial factors such as nutritional intake
could improve nutritional status (Cendhikalistya & Makiyah, 2009; Iswati & Nuraini, 2023).

In this study, there was a proportional increase in nutritional status in the treatment group, from poor
dietary status to good nutrition after VCO administration. Poor nutritional status raises the risk of
developing pulmonary TB. After the intervention in the 4™ week, the situation remained unchanged,
with 50% of the sample experiencing malnutrition, which improved to only 45%. Meanwhile, 60% of
the sample in the treatment group was malnourished. After the fourth week, it rose to 50% of those
underweight. In the 8" week, it was found that 30% were still malnourished. As a result, the effect of
VCO on nutritional status tends to increase compared to controls.

Strength and limitations

The study's strength lies in the proportional increase in AFB sputum conversion speed between the
treatment and control groups at the end of the 4th and 8th weeks. In proportion, the treatment group's
mean BMI increased from malnutrition to adequate nutrition at the end of the 4th and final week of the
8th, compared to the control group. At the end of week 8, there was a more significant reduction in
SOD levels in the treatment group than in the control group, according to the median value.

The study's limitation was that statistical tests were not performed for confounding variables. So, it
was not straightforward to see whether confounding variables in this study could have influenced the
results. In this study, the antioxidant level was only SOD. In contrast, other endogenous antioxidants,
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such as glutathione peroxidase and catalase, were not used, but they also have a role in fighting oxidative
stress. Apart from that, this study did not use radiological images related to bacteriology. The lack of
homogenization for comorbid conditions could be a weakness. Homogenization of nutritional status
classification is still needed.

CONCLUSION

At the end of the 4™ and 8" weeks, the treatment group increased the speed of AFB sputum conversion
compared to the control group. There was also a shift in the mean BMI from malnutrition to good
nutrition in the treatment group compared to the control group at the end of the 4th and final weeks. In
the final week, there was a more significant reduction in SOD levels in the treatment group than in the
control group, according to the median value.

When compared to the control group, there was no difference in the rate of AFB sputum conversion,
SOD levels, or BMI values in pulmonary TB patients who were given virgin coconut oil.

Further research is needed to examine the influence of nutritional intake, smoking habits, gender, and
comorbidities on AFB sputum conversion after VCO administration. It is also necessary to assess the
severity of lung parenchymal damage, which can affect AFB sputum conversion. A more extensive
research population is required for future research. It is best to homogenize comorbid conditions and
nutritional status for future research.
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Background: Zona Pellucida (ZP) thickness of less than 16 mm is
better for embryo implantation inside the endometrium. Laser
Assisted Hatching (LAH) is commonly used, especially in non-
contact mode, using a 1.48-um infrared diode laser beam because of
its short exposure time, accurate positioning, simple operation,
indirect contact, safety, and effectiveness. Objective: This paper
describes the potential of laser-assisted hatching in biochemical
pregnancy outcomes in Frozen Embryo Thawed transfers. Material
and Method: The total number of patients enrolled in this study was
141. Patients were prospectively treated during embryo transfers at
Pusat Fertilitas Bocah Indonesia, Primaya Hospital at Tangerang,
Indonesia, from December 2020 until December 2021.
Result: There were no significant differences between the LAH and
no-LAH groups regarding average age, infertility duration, infertility
type, and etiology of infertility (p>0.05). In the same line, the
blastocyst (0.76 £ 0.87; 1.25 + 1.08) compared with cleavage (0.72
+0.84; 0.67 £ 0.98) (p<0.534 and p< .032). There was no significant
difference, even though clinically, the proportions of live births,
multiple pregnancies, biochemical pregnancies, and ongoing
pregnancies in the LAH group were not exceptions to the outcomes
of failures and miscarriages. Conclusion: LAH did not appear to
increase the pregnancy rate in this study. However, the methodology
seems to reduce bias in this study by considering methodology for
selecting FET embryos based on the cryopreserved condition,
embryo quality, and precise LAH.
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Highlights

1. LAH might effectively increase pregnancy outcomes for frozen-thawed embryo transfer.
2. Zona pellucida drilling might help increase pregnancy outcomes in FET.
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BACKGROUND

Zona Pellucida (ZP) is an extracellular coat surrounding mammalian growing oocytes, ovulated
oocytes, and early embryos. During the secondary follicle stage of oogenesis, the zona is secreted. The
thickening of the ZP begins during the growth stage as the diameter of the oocytes increases. The zona
thickness of less than 16 mm is better for embryo implantation inside the endometrium. It also protects
the ovum during oviduct transit and the oocyte and embryo during the early stages of development from
infection, as well as maintaining blastomere structure during preimplantation development (Le, et al.,
2018; Nieschlag, et al., 2023). The structure of the ZP changes after fertilization, making it impossible
for sperm to adhere to it. Before uterine implantation may occur, an enlarged blastocyst must hatch
outside from the ZP, so if the thickness of the ZP is more than 16 mm, it is hard to implant. Proteolytic
sublysis of the ZP by the embryo or the dam's endometrial lining and hydrostatic pressure created by
fluid accumulation in the developing blastocoel cavity are two processes that allow ZP rupture and
blastocyst escape (Jeong, et al., 2018).

In IVF-embryo transfer, abnormalities of the hatching process have been blamed for poor
implantation. Assisted hatching (AH) was proposed to foster spontaneous hatching and improve embryo
implantation (Hammadeh, et al., 2011).

Many studies have investigated the use of AH procedures to treat patients with poor-quality embryos
and endometrium as a consequence of advanced maternal age (Le et al., 2018). Four methods used in
the artificial rupture of ZP were mechanical partial ZP dissection, chemical ZP drilling using acid
solution or enzymes, and laser micromanipulation (Gerri, et al., 2020) These methods aim to create
holes in the ZP.

LAH is commonly used, especially in non-contact mode, using a 1.48-um infrared diode laser beam
because of its short exposure time, accurate positioning, simple operation, indirect contact, safety, and
effectiveness. Similar studies reported that efficacy of ZP dissection and implantation rate among
embryos hatched by LAH, acid Tyrode’s solution, and pronase enzymes (\Wang, et al., 2022; Wei, et
al., 2023). In other study Tannus, et al., (2019) showed no benefit of the ZP thinning in frozen-thawed
embryo transfer.

OBJECTIVE

This article aimed to describe the potential of LAH in biochemical pregnancy outcomes in Frozen
EmbryoThawed (FET) transfers.

MATERIAL AND METHOD

Patients’ characteristics

The total number of patients enrolled in this study was 141. Patients were prospectively treated during
embryo transfers at Pusat Fertilitas Bocah Indonesia, Primaya Hospital at Tangerang, Indonesia, from
December 2020 until December 2021. This method was repeated every other day throughout this study.

All patients met the following inclusion criteria: =25 years of age with indications for IVF-embryo
transfer: male factor, female factor, unexplained infertility, and mixed factor. Informed consent was
obtained from all women, and this investigation received the approval of the Ethics Committee of
Primaya Hospital in Tangerang City dated 26-03-2022.

Fertilization and embryo culture

All patients were treated antagonist short protocol for ovarian stimulation (Siristatidis, et al., 2022).
Oocyte retrieval was performed by ultra-sound-guided follicle aspiration 36-38 hours after hCG
administration. The oocytes underwent standard IVF and ICSI and were cultured in G-1 version 3.0
(Vitrolife, Kungsbacka, Sweden), supplemented with 10% recombinant human serum albumin (rHA,
Vitrolife) for two days. On the day of embryo transfer (44-48 h after sperm insemination or injection),
the embryos were scored according to the following Sydney and Gardner criteria for embryos (Blank,
et al., 2020; Stigliani, et al., 2021). In some patients, when there were no more than two good-quality
embryos, one or two extra poor-quality embryos were also selected for the transfer. However, the
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patients with all poor-quality embryos had poor endometrial response or had a ZP thickness of >16 mm
and were excluded from the study.

Embryos were randomly divided into two groups. In the control groups, the selected embryos were
intact before the intrauterine transfer, whereas in the test groups, they were subjected to LAH. The
embryo transfer was performed with a Kitazato catheter, whereas the physician was blinded to the
control and test groups. The luteal phase was supported by intravaginal (Cyclogest 400, in two divided
doses, for 800 mg/d; Actavis, Barnstaple, United Kingdom), starting the artificial cycle decided.

The patients were tested for serum R-hCG 50mlIU/ml assay 15 days after embryo transfer
(Maheshwari, et al., 2019). If the biochemical pregnancy test was achieved, patients were followed with
serial ultrasound to determine fetal viability. Clinical pregnancy was defined as the presence of a
gestational sac on transvaginal ultrasound. When pregnancy occurred, luteal support was continued
until 12 weeks gestation.

Freezing and thawing

The embryos were frozen using previously established protocols (ultra-rapid freezing). For thawing,
the embryos were transferred from the culture media to the basal media (BM) containing HEPES
(Quinn’s SAGE, ART-1024) and supplemented with human serum albumin (20% v/v) (HAS, Vitrolife,
10064). The embryos were then transferred to the vitrification solution 1 (BM solution supplemented
with DMSO (7.5% v/v) and ethylene glycol (7.5% v/v)) for 2—7 min. They were then transferred to the
vitrification solution 2 (BM solution added DMSO (15% v/v), ethylene glycol (15% v/v), and sucrose
(10% v/v)) for 30 seconds when shrank to 80%. They were then collected within 5-10 s in a minimal
volume and transferred into a cryo device for immediate preservation in liquid nitrogen.

For thawing, the embryos were transferred from the cryo device to warming solution 1 (BM solution
added 1 M sucrose) for 1 min and then to warming solution 2 (BM solution added 0.5 M sucrose) for 3
min. They were then transferred to basal medium for 5 min, washed using G2 solution and cultured 4
hours at 37 °C and 6% CO, (Allahbadia, et al., 2020; Korkmaz, et al., 2020).

Embryo selection and transfer

On the day of thawing, embryos were transferred. Embryos at both cleavage and blastocyst stages
were assessed using a scoring system. Following thawing, the embryos were cultured for 4 to 6 hours
at 37°C with 6% CO; before transplantation. Additionally, ultrasound scans were conducted to monitor
endometrial thickening and receptivity in artificial cycles. The freeze-thawed embryos were
transplanted on the third day of ovulation, specifically when the endometrium thickness was equal to
or greater than 8 mm; hormone replacement treatment was administered for patients who did not
experience natural ovulation. This included a daily dose of 2 to 4 mg of estradiol valerate starting from
the third day of the menstrual cycle. Ultrasound-guided embryo transplantation was subsequently
performed on days 18 to 19 (O’Shea, et al., 2016; Wang, et al., 2020).

Laser-assisted hatching procedure

The laser hatching procedure utilized a Nikon TE300 inverted microscope (Nikon, Tokyo, Japan)
equipped with the Zona Infrared Laser Optical System (Hamilton-Thorne Research, Beverly, MA)
employing a 1.48-mm infrared diode laser beam. Each embryo was placed on the microscope stage, and
the laser was directed to the target area. The embryo was positioned to expose a Zona Pellucida (ZP)
section to the laser beam. The laser was then activated and discharged multiple times, each lasting 0.5
ms, to create a single opening in the ZP, approximately 40 mm in size, called drilling. Zona thinning
was made by putting a laser around the zona pellucida, estimated for 2 ms.

Data analysis

Group differences were tested using the t-test for numerical variables and the chi-square test for
categorical variables using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, N.Y.,
USA). A p< 0.05 was considered significant.
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RESULT

The basic parameters evaluated using both methods are shown in Table 1. There are no significant
differences between the LAH and no-LAH groups regarding average age, infertility duration, infertility
type, and etiology of infertility (p>0.05). In the same line, the blastocyst (0.76 + 0.87; 1.25 + 1.08)
compared with cleavage (0.72 + 0.84; 0.67 + 0.98) (p< 0.534 and p< 0.032; Table 1).

Table 1. Characteristic patients used LAH and no LAH.

Characteristics LAH (-) LAH(+) p-values

Total patients 25 116

Woman's age 34 +4.08 33.01+4.78 0.360°
(year, mean * sd)

Man’s age 38776 35.3+5.46 0.069°
(year, mean * sd)

Duration of primary 515+28 5,51+35 0.961°
Infertility

(year, mean % sd)

Duration of secondary 11 £ NA 6.4 +4.50 0.380°
infertility

(year, mean * sd)
Diagnosis of infertility

(n,%)

Female factors 16 (64) 67 (68.3) 0.565
Male factors 23 (92) 114 (98.3) 0.145¢
Unexplained infertility 2 (8) 9(7.8) 1.000¢
Mixed factors 16 (64) 67 (57.8) 0.565

Embryo transfer
Cleavage transfer n=69  0.72 +0.84 0.67 +£0.98 0.534°¢
(mean + sd)
Blastocyst transfer n=72  0.76 £ 0.87 1.25+1.08 0.032¢
(mean + sd)
Legends: 2chi square test; ® independent t-test; °Mann Whitney; ‘Fisher

Table 2. Outcome characteristics with LAH and no LAH.

Characteristics LAH(-) LAH(+) p-values
Total patients 25 116

Miscarriage (n,%) 1(4) 8 (6.9) 1.000¢
Failed (n,%) 18 (72) 69 (59.5) 0.243
Live birth 3(12) 25 (21.6) 0.408¢
BO (Blighted Ovum) 2(8) 1(0.9) 0.081¢
Multiple pregnancies 1(4) 7 (6) 1.000¢
Biochemical 0(0) 6 (5.2) 0.591¢
Clinical pregnancy 1(4) 15 (12.9) 0.305¢

Legends: 2chi square test; Pindependent t-test; °“Mann Whitney; 9Fisher

The comparison of patient outcome characteristics in Table 2 reveals no significant difference, even
though clinically, the proportions of live births, multiple pregnancies, biochemical pregnancies, and
ongoing pregnancies in the LAH group are not exceptions to the outcomes of failures and miscarriages.
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Table 3. Pregnancy outcome characteristics with LAH and no LAH.

Characteristic LAH(-) LAH(+) p-value
(25) (116)

Failed (n,%) 18 (72%) 69 (59,5%) 0,2432

Success (n,%) 7 (28%) 47 (40,5%)

Legends: ®chi square test; ® independent t-test; “Mann Whitney; “Fisher

The comparison of patient outcome characteristics in Table 3 shows no significant difference
(p=0.243), even though clinically, the proportion of successful outcomes (live birth, multiple
pregnancy, biochemical, and ongoing) in LAH (40.5%) is more significant than in no LAH (28%) when
compared to failed outcomes.

Table 4. Outcome characteristics with total single hole dan 1/4 jole.

Characteristics Drilling Thinning p-values
Total patients 84 32

Miscarriage (n,%) 7(8.3) 1(3.1) 0.442¢
Failed (n,%) 53 (63.1) 16 (50) 0.199
Live birth 16 (19) 9(28.1) 0.288
BO (Blighted Ovum) 0 (0) 1(3.1) 0.276¢
Multiple pregnancies 5 (6) 2 (6.3) 1.000¢
Biochemical 3(3.6) 3(9.49) 0.345¢
Clinical pregnancy 13 (15.5) 2 (6.3) 0.231¢

Legends: 2chi square test; ® independent t-test; “Mann Whitney; Fisher

The comparison of patient outcome characteristics in Table 4 shows no significant difference, even
though clinically, the proportion of live births, multiple pregnancies, and ongoing outcomes in
drilling>thinning is not exempted in both failed and abortion outcomes.

DISCUSSION

The zona pellucida is a layer of glycoproteins that envelop the oocyte, comprising outer and inner
layers. The outer layer is characterized by being thick and easily dissolved, while the inner layer is more
resistant to dissolution. Its primary function is to prevent polyspermy and the fertilization of the oocyte
by sperm without an intact acrosome. Implantation, the initial process involving the embryo's contact
with the endometrium in the uterus, is termed hatching in its earlier stages. As the embryo reaches the
blastocyst stage, it breaks free from the zona pellucida and initiates hatching. Inadequate blastocyst
hatching may result in implantation failure during in vitro fertilization (IVF) (Lu, et al., 2019; Liu, et
al., 2020).

Our findings revealed that the group undergoing LAH (laser-assisted hatching) exhibited a higher
biochemical pregnancy rate compared to those who received no LAH treatment. Still, there is no
significant correlation between the two groups. This aligns with research conducted by Endo, et al.,
(2021) indicating a significantly greater rate of complete hatching in the AH (assisted hatching)
treatment group compared to the untreated control group. The use of LAH remains a subject of debate
and controversy in the medical literature. According to the most recent national summary of AH
provided by Hall, et al., (2017), there was a significant increase in AH utilization in the USA, rising
from 25,725 to 35,518 procedures between 2000 and 2010. This upward trend might be associated with
guidelines published in 2008 by the American Society for Reproductive Medicine (ASRM), suggesting
the potential clinical usefulness of AH for patients with a poor prognosis (Liu, et al., 2020). The laser-
assisted system offers notable advantages over chemical, mechanical, or enzymatic methods. Firstly,
LAH allows for a touch-free, precisely targeted delivery of laser light to the desired location with
minimal embryo absorption. Secondly, laser technology in human reproductive medicine is cost-
effective and easily adaptable to inverted microscopes. The American Society for Reproductive
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Medicine Practice Committee, (2022) reported significant clinical outcomes on FET using LAH. In
contrast, Lacey, et al., (2021) indicated that ZP digestion by enzymatic methods was unrelated to any
benefit of FET outcome. These differences could be due to the difference in the type of LAH or
cryopreserved conditions such as cryoprotectant, stage of cryopreserved embryo, or storage duration.

Inadequate hatching can be influenced by the embryos from infertile female patients aged 38 years
and above, leading to a notable decline in developmental performance and a significant reduction in
fertility potential. Similar to the previous study, it resulted in a decrease in the pregnancy rate. Recent
research suggests that this decline might be attributed to uncharacterized zona hardening in embryos
due to advanced maternal age, impacting the quality of embryos with poor morphology. This zona
hardening may hinder the blastocyst from breaking free from the ZP. Although there is no molecular
evidence indicating prematurely cleaved ZP2 or other molecular markers associated with zona
hardening in these embryos, other studies suggest that using LAH was similar between treated and
untreated groups (18.36% compared to 11.36% in non-hatched embryos) within this specific group of
patients (Nagy, et al., 2019).

The embryo's quality is another significant factor that could disrupt hatching. Various intrinsic
elements, such as basal FSH levels and diagnoses, the hormonal changes experienced by maturing
oocytes during ovarian stimulation, or the controlled conditions within the in vitro culture, can create
obstacles for successful hatching. The artificial environment of in vitro culture might negatively impact
the quantity or quality of zona lysin, a substance produced by the trophectoderm crucial for blastocyst
hatching. There could also exist inherent variations in lysin secretion, independent of assisted
reproduction techniques, contributing to the incapacity of certain blastocysts to hatch effectively
(Tannus, et al., 2019; Curfs, et al., 2023). Embryo fragmentation stands as a common abnormality in
human embryos. This detrimental influence can be attributed to various mechanisms, including
disrupted mitotic spindles, reduced cell count, diminished cell size, partial or complete loss of regulatory
proteins, disturbance in cell communication and signaling, reduced number of mitochondria, irregular
mitochondrial distribution, decreased ATP content, failure in standard compaction and blastulation
processes, discrepancies in cell allocation, and difficulties in hatching (Cecchele, et al., 2022).

Sagoskin and colleagues conducted a prospective, randomized, controlled trial. They found that
assisted hatching (AH) did not enhance clinical pregnancy outcomes in patients with a good prognosis
when only transferring good-quality embryos (Tannus, et al., 2019; Curfs, et al., 2023). The assisted
hatching at the cleavage stage might expose the embryo to free radicals, toxins, and immune cells,
leading to potential DNA damage and hindering its development to the blastocyst stage in the uterus.
There is a possibility that during the compaction process, the loosely connected cells in 2 or 3-day-old
embryos could be trapped or lost through the artificially created holes in the zona pellucida (ZP).
Conversely, blastocyst-stage embryos consist of larger, more tightly connected groups of cells,
potentially making them more resilient to localized damage caused by AH than embryos at the 4 to 8-
cell stage. Repeated manipulation of the same embryo, first through intracytoplasmic sperm injection
(ICSl) and later through AH, could be another mechanism negatively impacting the implantation
potential of the embryo. Previous research indicated that this dual manipulation resulted in a lower
clinical pregnancy rate when compared to either a single manipulation or no manipulation (Zhang, et
al., 2022).

Recent research findings indicated that miscarriage rates remained comparable, whether using fresh
embryos or those that had undergone cryopreservation and subsequent thawing for transfer. However,
variations in clinical pregnancy and live birth rates were attributed to differences in implantation rather
than pregnancy loss (Roeca, et al., 2020; Insogna, et al., 2021).

Strength and limitations

Laser zona-thinning increases the implantation rate, presumably higher in biochemical and clinical
pregnancy. However, the primary outcome measure showed statistically insignificant findings between
LAH and non-LAH. The methodology of this study appears to reduce bias by choosing a FET embryo
based on cryopreserved condition, embryo quality, and precise manipulation using LAH that allows
non-contact manipulation and avoidance of any injury to the embryo that causes an increased number
of biochemical, clinical, multiple pregnancies, live birth rates. Although these differences were not
statistically significant, in studies in a larger population, specific methods for non-LAH are needed to
obtain a more robust and reliable evaluation of the superiority of the LAH method. The limitation of
this study was a small number of samples with low quantities.
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CONCLUSION

Laser-assisted hatching does not appear to increase the pregnancy rate in this study. However, the
methodology reduces bias in this study by considering the method for selecting FET embryos based on
the cryopreserved condition, embryo quality, and precise LAH.
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BACKGROUND

The clinical picture of autoimmune optic neuropathy, also known as neuritis, is strongly influenced
by the unique structure of the human anterior visual pathway. This central nervous system autoimmune
disease is related to multiple sclerosis (MS) (Kawachi, 2017). Optic neuropathy is an injury that often
causes acute inflammatory damage with the typical diagnoses of vision loss, colour vision impairment,
decreased brightness perception, afferent pupillary deficiency, nerve fibre layer disruption, optic nerve
pallor, or optic nerve swelling (Ghadiali & Odel, 2019). Optic neuritis has a strong connection with MS,
which is an autoimmune disease that attacks certain individuals. Optic neuropathy associated with MS
can manifest in two forms: opticospinal multiple sclerosis (OS-MS), which is accompanied by cerebral
lesions, and neuromyelitis optica (NMO), which is not accompanied by cerebral lesions. These two
forms are still not specific entities. Some associated eye symptoms include pain, especially pain
exacerbated by eye movement, diplopia, and positive visual phenomena (Pineles & Balcer, 2019).
According to Bennett's (2019) study results, optic nerve inflammation may result from various causes,
such as autoimmunity.

Optic neuritis is a type of inflammatory optic neuropathy that is often associated with autoimmune
neurological diseases, such as MS, myelin-oligodendrocyte glycoprotein antibody-related diseases, and
optic neuromyelitis spectrum disorders (Bennett, et al., 2023). When suspicion of clinically isolated
syndrome (CIS) or MS arises, a brain and spinal cord scan should be performed. In addition to providing
information regarding the distribution of the lesion in the space, an MRI of the spinal cord is also
functional for differential diagnosis when there is uncertainty regarding the nature of the brain lesion.
Spinal cord MRI can reveal disease activity without symptoms and predict disease evolution
(Tomassini, et al., 2020). The exact cause of MS is not yet known. Still, several journals show evidence
that part of the immunopathogenesis of MS is derived from demyelinating antibody responses resulting
in inflammation of the central nervous (CNS) with varying clinical presentations leading to the
contribution of autoimmune manifestations. MS remains elusive and is thought to involve genetic and
environmental factors with no definitive treatment. The prevalence of this disease has a peak between
the ages of 20-40 years, but it has been proven also to affect children and elderly people over the age of
60 years. MS affects women about twice as often as men (Bennett, 2019). According to the Optic
Neuritis Treatment Trial (ONTT), initial therapy for patients with demyelination high-dose
corticosteroids intravenously or orally, which is standard practice for patients with optic neuropathy to
reduce the severity of attacks and prevent permanent damage (Morrow, et al., 2018). Corticosteroids
are a drug that is often used and is relatively cheap to reduce inflammation (Bennett, et al., 2023).

This study aimed to provide a deeper understanding and overall facts regarding appropriate
corticosteroid therapy by differentiating the route of administration for MS patients. The findings will
be summarized in detail to cover a comprehensive level of knowledge and understanding. Further case
studies of the impact of corticosteroid treatment therapy on patients will be presented by providing
relevant facts.

OBJECTIVE

This systematic review aimed to determine the clinical manifestations of autoimmune optic
neuropathy in multiple sclerosis and identify diseases with appropriate corticosteroid therapy.

MATERIAL AND METHOD

This study used a systematic review method to analyze topic-related literature in the Scopus, PubMed,
and Google Scholar databases. This systematic review registration number in PROSPERO is
CRD42023491771. Retrieving literature to determine data quality used the main version of the 2020
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). Before entering the
screening stage, researchers eliminated studies that were not relevant because the title did not match the
topic. Duplicate studies were from the same journal, only manually taken from one database. Manual
searches were carried out to reduce the bias of inappropriate keywords, making it easier to continue
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screening the articles further. Data screening was done on the condition that it met the inclusion criteria,
and the data were excluded if it did not match the research topic.

The PICO (Population, Intervention, Comparison, Outcomes) approach was used in this study. The
population was patients suffering from multiple sclerosis (MS) with optic neuropathy. The intervention
was intravenous and oral corticosteroids, while the comparison was not applied. The outcome included
the clinical features (VEP or Visual Evoked Potential and VA or Visual Acuity)

The included research articles must be accessible in full-text literature that explains the manifestations
of autoimmune optic neuropathy in multiple sclerosis (MS) and research that uses case-control or cross-
sectional study methods. The articles that could not be included were those involving patients who had
MS without symptoms of optic neuropathy, studies that used systematic review methods, and those that
did not discuss MS.

RESULT

The PRISMA guidelines were used for the procedure and evaluation of the systematic review, as
shown in Figure 1. On December 11, 2023, literature was carried out on the Scopus, PubMed, and
Google Scholar databases. The following is the PRISMA flowchart made in this study.

[ Identification of studies through databases and registers ]
S
3 Search database |c_ient|f|cat|on: Studies were discarded before screening:
o Scopus (n = 804) . . - -
= _ R e Duplicate studies were discarded (n = 32)
= PubMed (n = 350) Irrelevant studies (n = 1190)
) Google Scholar (n = 100)
o
) i
Studies through screening Studies were excluded
(n=32) - (n=3)
\ 4
= .
s Studies were searched for retrieval | — Studies Weie not taken
c (n=4)
@ (n=29)
2
O
n
l Studies were excluded:
The study is a systematic review article (n = 8)
. - The study did not address multiple sclerosis (n
Studies are assessed for feasibility =5)
(n=25) >
)
\ 4
5
E= Studies were included
=}
S (n=12)
=
——

Figure 1. PRISMA systematic review diagram 2020 category.
“new systematic reviews which included searches of databases and registers only”
(Page, et al., 2021).
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All of the included articles underwent quality assessment using critical appraisal tools, as shown in
Tables 1, 2, 3, and 4.

Table 1. Data extraction results from reviewed journals.

Amount Intervention Results
No.Reference s arr?;l es Orally Intravenous Variable Before After Information
1.  Smith, et Eight - 1000 mg P100 132 + 127 +5.8 Shortening
al. (1986) patients Methylprednisol latency of 3.3 MS & 6/6 mean
one 1x1 for visual- MS & P100
three days. evoked 6/18 latency of
potential visual-
& visual evoked
acuity for potential
one and
month. repaired
visual
acuity.
The
shortening
latency
value
shows the
process of
remyelinat
ion from
neurons.
2. Kapoor et 25 - 1000 mg P100 1305+ 1227+ Shortening
al., (1998) patients Methylprednisol  latency of  19.0 15.0 MS mean
one 1x1 for visual- MS & & P100
three days. evoked 0.63 0.68 latency of
potential visual-
& visual evoked
acuity for potential
SiX and
months. repaired
visual
acuity.
The
shortening
latency
value
shows the
process of
remyelinat
ion from
neurons.
3. Morrow, et 23 Prednisone 1000 mg P100 181.9 119.0+ The
al., (2018) patients 1250 mg Methylprednisol latency of +53.6 16.5 MS decline
one 1x1 for visual- MS & & 20/160 means
three days. evoked 20/100 P100
potential latency of
& visual visual-
acuity for evoked
Six potential
months. &a
decrease
in visual
acuity.
4, Menon, et 11 - 200 mg LOGMAR 1.10+ 0.28 + After three
al., (2007)  patients Dexamethasone  visual 0.52 0.33 months,
1x 1 for 3 days.  acuity. the visual
acuity was
repaired.

Journal homepage: https://e-journal.unair.ac.id/MBIO/



MBIOMJ | Vol. 34 No. 2 July 2024 127

5. Naumovsk 28 Methylpredniso 500 mg LOGMAR Orally:  Orally: There is
a, etal., Patients lone 500 mg Methylprednisol  visual 0.30 0.05 fast repair
(2018) one. acuity. V: 1V:0.05 of visual

0.35 acuity.

6. de Lott, et 335 - 500 mg LOGMAR 0.305 0.084 It happens

al., (2020) patients Methylprednisol ~ Visual to repair
one. Acuity visual
acuity
faster.

7.  Beck, et 156 Prednisonene 1 1000 mg Percentage 58.7% Intraveno There is
al., (1992) patients mg/kg ww/day  Methylprednisol  of visual us:60.9% enhanced

orally, for 14 days one intravenous  acuity sensitivity
151 1x1 for three after six PO: 54.5%  contrast,
patients days followed months. color
intraven with vision,
ous prednisolone visual
orally 1 mg/kg acuity, and
ww/day for 11 visual
day. fields,
which are
faster in
the
intravenou
S group.

8.  Goodwin, 438 Prednisonene 1 1000 mg Percentage 5.3% 1V: 6.0% Enhancem

(1996) patients mg/kg ww/day ~ Methylprednisol  of patients Orally: ent of

for 14 days. one intravenous  who Still 7.1% visual

1x1 for three have visual functionali
days followed function ty: One
by prednisolone  six months week first,
orally 1 mg/kg post- IV is faster
ww/day for 11 maintenan than
days. ce. orally.

9. Al-Eajailat 5p Prednisonene 1 1000 mg The 1V:84 1V: 94% Shortening
& Al- patients mg/kg ww/day  Methylprednisol amount % means P100
MadaniSen placebo for 14 days. one intravenous  patients Orally: latency of
ior, (2014) oy 1x1 for three who Orally:  94% visual-

. y:
patients, days follqwed experienc  geo evokeq
50 by prednisolone e potentlal and
. orally 1 mg/kg enhanced improve-
patients - -
P.O ww/day for 11 wsqal _ ments in
days. acuity is a visual
minimum acquisition.
of 50%
after
four
weeks

10 Halilovic, Ten - 1000 mg Visual 02+ 08+0.2 The visual
etal., patients Prednisolone Zuity 0.1 acquisition
(2014) intravenous 1x3 increased

days followed at one-
by prednisolone month

1 mg/kg/d for post-
eight days. treatment.

11 Dahanayak 29 - 1000 mg Decline 13185 1107 + Decline
e, etal., patients Methylprednisol  P100 + 12.5 MS P100
(2021) one intravenous  latency of IO 85 latency

1x3 days visual- M S from
followed with evoked visual-
prednisonene 1  potential evoked
mg/kg ww/day potential
for 11 days. to average
value one
month
after
treatment.
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12 Sellebjerg, 60 500 mg oral - Percentage Placebo Orally:50% There isn't
etal., patients Methylpredniso of patients  :43% any

(1999) lone 1x1 for who reach significant
five days. Later visual difference
dose tapering acuity in visual
for ten days. normal acuity

after 8 between
Sunday the oral
and
placebo
groups.
Table 2. The effect of corticosteroid administration on VEP.
No. Reference 0 Intervention Variable Results Information
rally Intravenous
1. Smith, et al. 1000 mg P100 Before: Shortening mean P100
(1986) Methylprednisolone 1x3  latency of 132 latency of visual-
in 3 days. visual-evoked  +3.3 evoked potential and
potential & MS & repaired visual equity.
visual acuity ~ 6/18. The shortening latency
for one value shows that
month. After: remyelination from
127+5.8  neurons has occurred.
MS & 6/6.
2. Kapoor etal., - 1000 mg The observed  Before: Shortening means P100
(1998) Methylprednisolone 3x1  variables are 1305+ latency of visual-
day. P100 latency  19.0 MS evoked potential and
of visual- & 0.63 repaired visual acuity.
evoked The shortening latency
potential & After: value shows that
visual acuity 122.7 + remyelination process
for one 15.0 MS from the nerve cell has
month. & 0.68 occurred.
3. Dahanayake, 1000 mg intravenous Declined Before: Declined P100 latency
etal., (2021) Methylprednisolone 1x1 ~ P100 131.85+ of visual-evoked
for three days followed latency of 10.85 potential to normal
with prednisonene 1 visual-evoked MS value one month after
mg/kg ww/day for 11 potential After: treatment, indicating
days. 110.7 £ remyelination.
12.5 MS
4. Morrow, et 1250 mg - P100 Before:  The declined means
al., (2018) Prednisone latency of 1819+ P100 latency of visual-
visual-evoked 53.6 MS  evoked potential, which
potential & & indicates the
visual acuity 20/100 remyelination process.
for six
months. After :
9.0
+16.5
MS &
20/160
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Table 3. The effect of corticosteroid administration on visual acuity.

No. Reference Intervention Variable Results Information
Orally Intravenous
1 Beck, et al., 1 mg/kg oral - Percentage of Intravenous= There is enhanced
(1992) Prednisolone patients who have  60.9 % sensitivity contrast,
ww/day for 11 visual acuity after ~ Orally=54.5%  color vision, visual
days. six months. acuity, and visual
fields, which are
faster than the oral
group.
2. Goodwin, 1 mg/kg - Percentage of Intravenous There isn't any
(1996) Prednisone patients who still 6% per oral significant difference
ww/day for 14 own visual 7.1%. between IV and
days. functions, the bad placebo at six
ones six months months; however,
post-care. enhanced visual
function in 1 first
week is faster than
oral.
3. Al-Eajailat & 1 mg/kg/day - The amount of Intravenous= There were no
Al- oral patients who 47 person differences between
MadaniSenior, prednisolone experience the treatment group
(2014) for 14 days enhanced visual Orally= 47 and the control
acuity minimum person group.
50% after four
weeks compared
to placebo.
4. Halilovic, etal., - - Visual acuity Before: The visual
(2014) 0.2+0.1 acquisition increased
After: one month post-
0.8+0.2. treatment
5. Sellebjerg, et - - The percentage of  Oral: 50% There isn't any
al., (1999) patients who reach P placebo significant difference
visual acuity is 43%. in visual acuity
expected after 8 between oral and
weeks. placebo groups.
Table 4. The effect of corticosteroid on LOGMAR visual acuity
No. References Intervention Variables Results Information
Orally Intravenous
1. Menon, et al., 200 mg Dexamet - LOGMAR  Before: It happens to repair visual
(2007) hasone 1x3 days. visual 110+ acuity three months after
acuity 0.52 treatment.
After:
0.28 +
0.33
2. Naumovska, et 500 mg - LOGMAR  Before: There is visual acuity
al., (2018) Methylpre visual Oral: improvement, faster
prednisolone acuity 0.30 compared to placebo.
1V:0.35
After:
Orally:
0.05
1V: 0.05
3. delLottetal, 500 mg LOGMAR Before: After three months of repair,
(2020) Methylpr visual 110+ visual acuity indicating
prednisolone acuity 0.52 remyelination has occurred.
After :
0.28 +
0.33

Journal homepage: https://e-journal.unair.ac.id/MBIO/



130 Raihana et al.: Features of Autoimmune Optic Neuropathy in MS on Corticosteroids

DISCUSSION

Multiple sclerosis is an autoimmune disease with a prevalence of 35.9 individuals per 100,000
population. Based on existing data, this number has continued to increase every year since 2013
(Walton, et al., 2020). Multiple sclerosis is a disease that can significantly reduce the patients’ quality
of life. One of the clinical signs of multiple sclerosis is a decrease in the quality of vision, so many
studies are looking for the most appropriate way to improve the quality of vision among the multiple
sclerosis patients. One treatment widely studied to overcome this problem is corticosteroid therapy
(Ozdogar, et al., 2022).

Research conducted by Smith, et al., (1986), Kapoor, et al., (1998), and Morrow, et al., (2018)
observed the effects of methylprednisolone corticosteroid treatment at a dose of 1000 mg given to
patients once a day for three days through an intravenous route based on improved visual evoked
potential (VEP) latency. These three studies found improvements in mean VEP latency after one month
and six months of treatment, but these changes were insignificant. There is a possibility that the
improvement in mean VEP may not be due to intravenous corticosteroid treatment because the group
that did not receive treatment also experienced an improvement in mean VEP (Smith, et al., 1986).

Recent research by Menon, et al., (2007); Naumovska, et al., (2018); de Lott, et al., (2020) showed
that 500 mg intravenous methylprednisolone or 200 mg dexamethasone improve visual acuity in
symptoms of optic neuritis experienced by multiple sclerosis patients. These three studies, using
methylprednisolone and dexamethasone, found a faster visual acuity increase compared to the placebo
group. Still, the two groups had no significant difference in the final visual acuity value. Studies by
Beck, et al., (1992), Cleary, et al., (1993), Goodwin, (1996), Menon, et al., (2007), Al-Eajailat & Al-
MadaniSenior, (2014), Halilovic, et al., (2014), and Dahanayake, et al., (2021) observed the effect of
treatment using 1000 mg intravenous methylprednisolone once a day for three days followed by 1 mg/kg
oral prednisone once a day for 14 days on visual acuity in multiple sclerosis patients who experienced
optic neuritis. These eight studies showed uniform results. The patients who received intravenous
corticosteroid treatment followed by oral therapy experienced a faster increase in visual acuity
compared to the group that received placebo treatment. However, no significant differences were found
between the two groups in evaluating the final visual acuity scores six months or one year after
treatment.

Then, the researchers Beck, et al., (1992), Cleary, et al., (1993), Goodwin, (1996), Gal, et al., (2012),
and Al-Eajailat & Al-MadaniSenior, (2014) examined the effects of 1 mg/kg oral prednisolone
treatment once a day for 14 days on visual acuity, visual function, visual fields, contrast sensitivity, and
VEP latency. These three studies showed uniform results in that all parameters improved after treatment,
but this did not increase significantly compared to patients who received treatment with a placebo. In
addition, these three studies showed that patients who received oral corticosteroid treatment experienced
a higher rate of optic neuritis recurrence than patients who received placebo treatment.

Researchers observed the effects resulting from 500 mg oral methylprednisolone treatment once a day
for five days continued with tapering doses for ten days (Sellebjerg, et al., 1999; Naumovska, et al.,
2018). Both studies showed uniform results, in which there were improvement in visual acuity, colour
vision, and contrast sensitivity, between the group that received oral corticosteroid treatment and the
group that only received placebo treatment. Still, there were no significant differences between the two
groups. A Study using 1250 mg prednisone showed improved VEP six months after treatment (Morrow,
etal., 2018).

In general, treatment of optic neuritis in multiple sclerosis patients using intravenous corticosteroids
alone, intravenous followed by oral, or oral alone shows an increase in VEP. However, the differences
experienced are not significant, and there is an increase in visual acuity. The increase in the average of
both parameters is due to corticosteroid treatment, which reduces inflammation and edema that forms
on the optic disc. Reducing inflammation and edema that forms on the optic disc can reduce
demyelination and improve conduction in the demyelinated nerve area, which can help speed up the
course of stimulus conduction (de Lott, et al., 2022). The non-significant difference in VEP latency but
significant in visual acuity is probably because the VEP latency test is a test that has higher sensitivity
and specificity than visual acuity so that a more important clinical change is needed to show a more
statistically significant change in VEP latency values (Ismaiel, et al., 2020).
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This suggests that in terms of improving visual function, corticosteroid treatment is effective in
accelerating changes but does not improve the outcome of improving visual function (de Lott, et al.,
2022). Regarding post-treatment optic neuritis recurrence rates, studies using intravenous
corticosteroids alone and intravenous followed oral corticosteroid groups showed reduced incidence of
recurrence in patients compared to the placebo and oral groups. The group using oral corticosteroids
alone did not show a reduced incidence of optic neuritis recurrence in patients compared to the placebo
group (Al-Eajailat & Al-MadaniSenior, 2014).

In ONTT, findings were shown in optic neuritis patients with oral and intravenous prednisolone. Based
on the description above, it can be observed that optic neuritis treatment using corticosteroids with
various routes can be considered based on multiple considerations. The first one is whether the patient
needs immediate improvement in visual function. Patients needing to improve visual function quickly
can consider treatment using corticosteroids (Gal, et al., 2012). The second one that can be considered
is that in reducing the recurrence rate of optic neuritis, intravenous corticosteroid only or followed by
the oral administration has advantages over oral treatment alone (Al-Eajailat & Al-MadaniSenior,
2014). This raises further considerations, that the higher toxicity of intravenous corticosteroid treatment
and its adverse effects may occur as a result of the treatment. Some of the adverse effects reported to
be experienced by multiple sclerosis patients with optic neuritis and receiving corticosteroid treatment
include transient depression, acute pancreatitis, sleep disturbances, mood swings, stomach discomfort,
facial flushing and weight gain (Gal, et al., 2012).

Strength and limitations

The strength of this review is that it has conducted a comprehensive analysis of relevant articles to
demonstrate that administering intravenous corticosteroids followed by oral clinical therapy can
effectively decrease the occurrence of recurrent optic neuritis after treatment. Additionally, it has been
observed that visual acquisition improves one month after therapy. However, the limitation of this study
is that it should have gathered more recent studies regarding the case.

CONCLUSION

Clinically, intravenous corticosteroid treatment, followed by oral administration, can accelerate visual
function improvement in visual acuity and visual evoked potential (VEP) latency. Intravenous
corticosteroid only and intravenous corticosteroid followed by oral treatment can also reduce the
incidence of post-treatment optic neuritis recurrence.
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Background: Mandibular fracture is one of the most common
fractures. The most common treatment for mandibular fractures is
fixation. Therefore, xenogeneic agents such as platelet-rich fibrin
(PRF) and Biodentine accelerate the reparative process. Biodentine
is an interesting active ingredient that can induce bone
regeneration. PRF and Biodentine can promote bone healing, but
no literature discusses the differences between PRF and Biodentine
osteoinduction mechanisms in treating mandibular fractures.
Objective:  This article aimed to compare the effect of
osteoinductive PRF with Biodentine for mandibular fractures.
Material and Method: The research was conducted as a scoping
review by performing a thorough search of the PubMed, Scopus,
ScienceDirect, Elsevier, and Google Scholar databases. The study
was obtained based on literature studies in the form of journals and
textbooks in the last ten years (2013-2023). Result: The
osteoinductive effect and mechanism of Biodentine in enhancing
bone repair are likely correlated with releasing biologically active
ions from calcium silicate cement and stimulating gene expression
Runx-2. PRF has an osteoinductive role, causing the mechanism of
releasing growth factors such as PDGF, VEGF, TGF-B, and IGF
that promote the osteogenic process. Conclusion: There was no
significant difference in the osteoinduction effect of PRF and
Biodentine because these materials have different mechanisms of
action for bone repair.
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Highlights

1. Biodentine has undergone thorough research as a bone grafting substance due to its ability to
promote bone regeneration and effectively treat root or tooth fractures.

2. PRF and Biodentine can stimulate osteogenesis, affecting bone repair, particularly in
mandibular fractures.
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BACKGROUND

Mandibular fracture is one of the most common fractures. The most common cause of mandibular
fractures is traffic accidents. An impact that is too hard on the face can result in a mandibular fracture.
According to its location, the mandible is more prominent and easier to receive impact. Mandibular
fracture is a condition where the mandibular bone is broken, which can be caused by facial trauma or
pathological conditions. Fracture lines in the mandible often occur in areas of weakness. The thin area
on the mandible is the angle and sub-condyle, which becomes a weak mandible area. In addition, weak
points are also found in the mental foramen, the mandibular angle where the third molar teeth are
located, and the mandibular condylar neck (Dewi, et al., 2022).

Numerous studies demonstrate that patients with mandibular fractures require an individualized
approach in the selection of a treatment strategy due to the potential concomitance of different types of
bone diseases, odontogenic infections, fractures in various regions of the mandible or simple skeleton,
etc. (Diachkova, et al., 2022). The most common treatment for mandibular fractures is fixation. There
are two mandibular fixation techniques, the closed and open techniques. In the closed technique,
maxillomandibular fixation devices can achieve fracture immobilization and reduction. In an open
procedure, the fractured part is opened surgically, and the fracture segment is reduced and fixed directly
using a wire or plate called wire or plate osteosynthesis. These two techniques are only done separately
but are sometimes applied in combination, which is called combined procedures (Dewi, et al., 2022).

Despite the high efficiency of modern treatment methods, bone tissue cannot be restored at total
volume in all cases. Therefore, xenogenic agents are used to accelerate the reparative process. The basis
of the stimulation of regeneration lies in induction, conduction, and regeneration due to the introduction
of estrogenic cellular elements (stimulation by substitution). Each potency can stimulate reparative
osteogenesis, either independently or in combination. The bone deficiency was filled with a collagen
osteotropic substance (Diachkova, et al., 2022). PRF (Patelet-rich fibrin) is a human blood biomaterial
consisting of platelet concentrate, fibrin matrix, cytokines, growth factors, and cells. Biodentine is a
calcium-silicate-based material that has drawn attention in recent years and has been advocated to be
used in various clinical applications, such as root perforations, apexification, resorptions, retrograde
fillings, pulp capping procedures, and dentine replacement. Platelet-rich fibrin and dentine can stimulate
bone osteoinduction when combined with bone grafts.

OBJECTIVE

This article aimed to compare the effect of osteoinductive platelet-rich fibrin with Biodentine for
mandible fractures.

MATERIAL AND METHOD

This study used electronic databases such as PubMed, Scopus, ScienceDirect, Elsevier, and Google
Scholar for research screening. It used specific keywords: mandibular fracture, mandibular fracture and
xenograft, jawbone regeneration, mandibular bone regeneration, platelet-rich fibrin and jawbone
regeneration, and Biodentine and jawbone regeneration. The paper was then filtered through a
gualitative and quantitative selection.

Inclusion Criteria

The study was obtained based on literature studies in journals and textbooks published in the last ten
years (2013-2023). The inclusion criteria deliberated human studies, in vitro and in vivo research, and
reports. Off-topic publications were excluded from the analysis. Afterwards, the publications were
categorized according to the surgical process and the study design.

Selection of the Studies

Independently qualified and expert reviewers screened the study data and analysis. After a primary
check on the research title, every abstract of the identified papers was assessed as the 1% screening level.
The full text of the included papers was obtained. Furthermore, they were classified for qualitative
synthesis. The electronic database research has identified a total of 156 manuscripts. Forty-eight
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duplicates have been deleted from the screening, and 108 papers have been considered for the full-text
evaluation. Eleven full texts were not found, and 87 were out of topic to be excluded. Finally, ten papers
have been incorporated into the analytical synthesis.

Identification of studies via databases

)
Record identified through database
c . .
2 and searching Duplicates Removed
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.g
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Figure 1. PRISMA flowchart of the study design and manuscript-selection process.

RESULT

Table 1 shows and summarizes the main effective results of the osteoinductive effect of platelet-rich
fibrin and Biodentine.

Table 1. PICO Table of the osteoinductive mechanism of platelet-rich fibrin and Biodentine.

References Population Intervention Comparison Outcome

Hakam, et Thirty adult The rabbits were  Histological Both Biodentine and nanobone

al.,, (2019)  male rabbits divided into two examination for had initiated osteogenesis. The
created bilateral  groups. bone defect Biodentine group showed spread-
bone defects in specimens was out braided bone trabeculae with
the right side of ~ Group 1 was prepared by light  entrapped osteocytes visible over
the mandibles loaded with microscope and one week. Several nuclei with
as the Biodentine on the  quantitative different shapes and staining
experimental experimental side.  analysis of intensities were occasionally
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side and collagen one detected in distinct lacunae. More
another sideas  Group 2 was alpha and Runx-2  bone spicules than in the
the control. packed with gene expression preceding interval were visible
nanobones on the by real-time PCR.  after a two-month gap. Around
experimental side. the freshly produced trabeculae,
it was clear that osteoblast-like
cells were present to line their
boundaries. However, Biodentine
showed that the newly formed
bone had apparently less quality
than nanobone. It showed that
nanobones had a more significant
healing result.
Rajendran,  Forty-five The specimens The samples were  Group | showed a mean calcium
etal., enamel were divided into  then subjected to  and phosphorus value of 65.32 £
(2019) specimens were  three groups. a scanning 0.51 and 21.13 £ 0.75,
extracted from electron respectively, for sound enamel.
human Group 1, as microscope to After remineralization with
permanent control, was assess the regular toothpaste, the mean
premolars. It treated with topographical calcium and
was free from regular pictures and the phosphorus values obtained were
defects, decay,  toothpaste. surface changes 55.24 + 0.49 and 15.76 + 0.54,
and filling. All seen on enamel; respectively, less than that of
specimens were  Group 2 was and energy sound enamel and statistically
subjected to treated with dispersing X-ray  significant (p<0.001). The values
deminerali- toothpaste analysis to obtained after
zation using containing estimate remineralization were similar to
Mclnnes calcium sodium quantitatively the  the mean calcium and
demineralizing  phosphosilicate. amounts of phosphorus content of
solution. mineral in a given  demineralized samples.
Group 3 was tooth sample after
treated with a the remineralizing
topical cream cycle.
containing casein
phosphopeptide—
amorphous
calcium
phosphate.
Gandolfi, et Six mature The control group  After 30 days, ESEM observed the histological
al., (2017)  male rabbits was left empty tibiae were section of a surgical defect
with four from 4 surgical retrieved and treated with Biodentine.
surgical bone defects, and submitted to According to the histology
defects on each  another bone histological findings, the surgical defect was
side of the tibia.  defect was filled analysis and filled by freshly produced bone
with Biodentine, microchemical trabeculae. The resected walls of
MTA Plus, and characterization the old cortical bone were in
ProRoot MTA. using Optical close contact with the new bone.
Microscopy (OM)  Wide gaps could be seen, and
and little remnants of material were
Environmental found. The bone that had just
Scanning Electron  developed displayed significant
Microscopy with  mineralization. The osteoid
Energy Dispersive matrix is being mineralized in
X-ray analysis some places.
(ESEM-EDX).
Kaskos & Twenty rabbits ~ One surgical CT scan was used  The impact of adding Biodentine
Ali (2020)  with three defect was left as a parameter for  on a rabbit's mandible defect was
surgical created  unfilled and bone density on examined. By the seventh day,

monocortical
defects on the
mandible.

considered as
control, and the
other defects were

follow-up dates 7,
14, 21, and 28

there was no significant disparity
in bone density between dentine-
treated (116.17 + 1.41) and
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implanted with
MTA and
Biodentine.

days after

operative surgery.

control (112.3 £+ 1.36) samples.
Similarly, by day 14, there was
no significant variation in bone
density between the Biodentine
(153.43 + 1.86) and control
(148.2 £ 1.78) groups. However,
by day 21, a notable distinction
in bone density emerged, with
Biodentine (359.27 + 3.56)
surpassing control (344.07 £
4.08) insignificance. By the 28th
day, Biodentine demonstrated a
mean of 1012.07 + 11.95.

Barczak, et A literature

al., (2020) review of 52
papers was
selected,

encompassing
those directly
focusing on
Biodentine and
other relevant

No Intervention

No Comparison

Biodentine triggers the activation
of cellular differentiation factors,
such as osterix, which facilitates
the differentiation of osteoblasts
and thereby contributes to the
generation of new bone.
Biodentine also plays a role in
regulating inflammatory
responses and encourages the

papers not differentiation of both fibroblasts
mentioning and osteoblasts. This process
Biodentine but stimulates the creation of
concerning collagen bundles within the
dental materials periodontal ligament and the
in general. matrix of bone.
Wang, et Ten New The osteogenic To evaluate the Due to the abundance of growth
al., (2022) Zealand white differentiation the osteogenic factors in PRF-conditioned
rabbits with ability of cells effect, Micro-CT,  medium, SM-MSC proliferation,
separated SM-  stimulated by bone double- migration, and osteogenic
MSCs fromthe  PRF or staining, HE differentiation are all
maxillary sinus.  osteoinductive staining, Masson  encouraged. Activating the ERK
medium was staining, and 1/2 signaling pathway, PRF-
evaluated by toluidine blue conditioned medium, OM, or the
alkaline staining were combination of the two above
phosphatase used at 8 and 12 could enhance osteogenic
staining, alizarin ~ weeks post- differentiation. According to
red staining, PCR,  surgery. animal trials, using PRF
and Western blot. significantly sped up the rate of
new bone production in the
As the bone graft maxillary sinus and increased the
materials for quantity and quality of newly
maxillary sinus created bone.
floor elevation, an
equivalent volume
of Bio-oss and the
mixture of Bio-
0ss and PRF were
used.
Augustina,  Eighteen New  The rabbits were ~ The results of the ~ Lower MMP-13 expression was
etal., Zealand rabbits  divided into three  sample tissue found in the PRF group. PRF
(2023) with a critical groups. were evaluated by  possesses qualities that enhance
bone defect immunohistoche graft position stability, bone
surgery. Group 1 was mical staining. regeneration, wound healing, and
treated by hemostasis. Controlled
applying inflammation results in a drop in
xenograft. inflammatory mediators and a

rise in osteoblast activity due to a
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Group 2 was
treated by
applying PRF.

Group 3 was
treated by
combining the
application of
xenograft and
PRF.

reduction in MMP-13
production. Growth factors and
other mediators that promote
bone regeneration and faster
wound healing are concentrated
in PRF.

Neiva, et Eight beagle On one side of the  The tissue General histomorphologic
al., (2016) dogs with first mandibular tooth  samples were observations for the implants
molars sockets, L-PRF prepared and then  placed along with L-PRF in fresh
extracted on was filled, and subjected to extraction sockets differed from
both sides of then the implant, Stevenel’s Blue those where no L-PRF was
the mandibular.  covered by L-PRF and Van Gieson utilized primarily due to the
in a membrane staining lack of soft tissue migration
shape, was technique. through the gap formed between
placed. implant and socket wall,
suggesting L-PRF’s efficiency as
Conversely, the a barrier during healing. The
implants were osteogenic potential and
placed on the adequacy of L-PRF substituting
socket without the blood clot during socket
applying L-PRF. healing were confirmed since
bone growth occurred from the
socket walls towards the implant,
leading to substantial bone
formation.
Ocak, et Twenty-four Two adult sheep The specimens In the ninth month, the PRF
al., (2017) adult sheep were used as were evaluated by  group continued to exhibit
group control. histologic and observable recent bone
histomorphologic  development, accompanied by
Group 1 was examination. remaining traces of PRF. The
treated with a newly generated bone within the
bovine and PRF group exhibited greater
autogenous bone density and increased firmness.
mixture.
Group 2 was
treated with PRF.
Pripatnano ~ Twelve adult The rabbits were The specimens During the 4-week and 8-week
nt, et al., male New divided into four ~ were evaluated by  periods of bone consolidation,
(2015) Zealand white subgroups. performing the PRF-treated group exhibited
rabbits on analyses of substantial healing of the defect,
osteogenic A modified Hyrax radiographic, characterized by robust cortical
periosteal device was histological, and compact trabecular bone.
distraction. performed in histomorpho- Notably, the cortical bone in the
group 1. metric, and micro-  8-week group displayed greater
computed thickness and density than the 4-
Group 2 was tomography week group. The highest
treated with a (micro-CT). percentages of bone volume and

device and PRF.

Group 3 was
treated with PRF.

Group 4 was
treated with a
sham.

bone area were presented by
group 2, which was treated with a
device and PRF.
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DISCUSSION

Following the nasal bone, the mandible is the facial bone that commonly experiences fractures. The
separation of the mandibular bone is termed a mandibular fracture. Consequences of such fractures
include airway destabilization, teeth misalignment, impaired joint function, discomfort, infection, and
nerve sensation abnormalities (Karthik & Sanjay, 2015). In some complex cases, bone grafts with
osteoinduction effects are used because the atrophic mandible's dense cortical bone and poor vascularity
and marrow supply make it difficult for the area to recover (Shokri, et al., 2019).

Osteoinduction refers to bone grafts' capacity to prompt bone tissue creation by activating inactive
osteoblasts from undifferentiated cells. Grafting materials possessing osteoconductive and
osteoinductive properties provide a structure for existing osteoblasts and stimulate fresh osteoblast
generation, potentially expediting graft integration (Suprianto, et al., 2019).

Biodentine, as a bone grafting material, has been extensively studied for its ability to enhance bone
healing and its utility in addressing root or tooth fractures. Tang, et al., (2019) study investigated the
impact of MTA and Biodentine on periarticular bone healing, revealing that Biodentine can actively
promote bone healing. Daltoé, et al., (2016) observed that MTA and Biodentine could enhance
indicators of mineralization. Furthermore, Ho, et al., (2018) utilized three-dimensional printed
Biodentine/polycaprolactone composite scaffolds to demonstrate the potential of Biodentine in dental
and bone regeneration. These investigations collectively affirm Biodentine's role in facilitating bone
repair. Gandolfi, et al., (2017) research established that implanted Biodentine in bone defects led to the
formation of new bone due to its ability to stimulate bone neoformation, differentiate osteoblasts, and
promote angiogenesis.

The osteoinductive effect and mechanism of Biodentine in enhancing bone repair are likely
correlated with the release of biologically active ions from calcium silicate cement (Gandolfi, et al.,
2017). It was proposed that Biodentine would promote the proliferation and attachment of osteoblast-
like cells, increasing their differentiation. These biological responses could be attributed to the
material's topography and nano features, which provide a significant surface area for protein adsorption.
Additionally, the production of bone matrix begins when osteogenic signals combine with soluble
chemical cues, such as calcium, to cause a cascade of cellular development into osteoblast cell lines.
According to a different theory, cements made of calcium silicate have an alkaline pH and can release
calcium ions. These circumstances promote the activity of osteoblasts and the mineralization process
by causing the nucleation of calcium phosphates and apatite (Hakam, et al., 2019). Calcium silicate
cements release silicon, improving bone metabolism and speeding up new bone development. Also,
calcium silicate cement is crucial in restoring bone by causing the calcium phosphate to precipitate at
the periodontal tissue interface, causing a substantial rise in dentin gene expression for Runx-2. For
osteoblastic development, matrix production, and mineralization during bone synthesis, Runx-2 is a key
transcription factor (Rajasekharan, et al., 2018). This crucial gene is necessary for the production of
osteoblasts and, as a result, the process of bone regeneration, as Runx-2 regulates osteoblast
differentiation during the early stages of differentiation but suppresses it during the later stages (Kaskos
& Ali, 2020).

On the contrary, platelet-rich fibrin (PRF) constitutes a composite comprising the cellular and
molecular constituents essential for optimal healing. PRF represents the latest iteration of Platelet-rich
plasma, a plasma from blood enriched with platelets housing a plethora of growth factors that encourage
the mending of both bone and soft tissues (Augustina, et al., 2023). In some literature, it is stated that
PRF can continuously increase the proliferation of all cell types, especially the proliferation of
osteoblasts. This growth factor can regenerate bone tissue (Augustina, et al., 2023).

Inin vivo or clinical studies, due to its abundant growth factors, PRF could be used as graft material.
It can promote bone regeneration in extraction sockets, repair fractures, and improve gingival retreat.
According to Neiva, et al., (2016), PRF can enhance bone formation within the socket arising from its
compact fibrin network and cellular composition, which might enable a continuous discharge of growth
factors. Furthermore, it can serve as a protective obstacle against soft-tissue growth. Growth factors
generated by PRF significantly impact the volume and rate of new bone formation and the development
of mature bone and thick bone trabeculae. In PRF, activated platelets may release various growth
factors, including PDGF, VEGF, TGF-B, and IGF (Wang, et al., 2022). VEGF is the main factor that
influences the differentiation of angiogenic cells and angiogenesis. It is the most powerful inducer of

Journal homepage: https://e-journal.unair.ac.id/MBIO/



MBIOMJ | Vol. 34 No. 2 July 2024 141

angiogenesis, migration, and proliferation of endothelial cells. Controlling osteogenic growth factors
through paracrine signals promotes osteogenesis and increases vascular permeability. VEGF can
encourage bone regeneration in conditions such as radial segment defects in rabbits and femoral
fractures in mice, resulting in good bone regeneration (Apte, et al., 2019). As the exclusive filling
substance, the PRF membrane provides benefits such as simplified acquisition and application, the
absence of supplementary grafting materials, immune responses, and stimulation of bone generation
(Ocak, et al., 2017).

These two bone graft materials have their respective advantages and mechanisms when compared.
PRF and Biodentine can induce osteogenesis, which impacts bone healing, especially mandibular
fractures.

Strength and limitations

This study can be used as a reference point for further research endeavours. Studies have demonstrated
that PRF and Biodentine can effectively promote bone regeneration. Currently, no research investigates
the distinct osteoinduction mechanisms of PRF and Biodentine in managing mandibular fractures.

CONCLUSION

Osteoinduction is a necessary process that can enhance bone repair. Bone grafts with additional
materials such as PRF or Biodentine may have a role in supporting soft tissue healing or bone
regeneration. Biodentine facilitates bone repair by promoting the proliferation and attachment of
osteoblast-like cells and increasing their differentiation. PRF is enriched with platelets containing a
plethora of growth factors that encourage the mending of both bone and soft tissues. In this literature,
there was no significant difference in the osteoinduction effect of PRF and Biodentine, even though
these materials have different mechanisms of action for bone repair.
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