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The digital era has fundamentally transformed how we
interact with sound, making music, entertainment, and
communication more accessible than ever before. However,
with this revolution comes an escalating public health
concern: noise-induced hearing loss (NIHL) and tinnitus,
particularly among the younger generation.1 The widespread
use of personal listening devices, attendance at loud concerts,
and frequent exposure to occupational noise are all
contributing factors that subject our ears to harmful sound
levels on a near-daily basis. Recent studies have shown that
the younger generation is increasingly exposed to recreational
noise at hazardous levels, leading to hearing problems that
were once considered more common in older populations.2

NIHL is now recognized as one of the most prevalent causes
of hearing impairment globally. It occurs when prolonged
exposure to loud sound damages the hair cells within the
cochlea. Tinnitus often accompanies NIHL and may persist
long after the initial noise exposure. According to the World
Health Organization (WHO), over 1.1 billion young adults
worldwide are at risk of developing NIHL due to unsafe
listening practices.3 Historically, NIHL was primarily
associated with occupational noise exposure among middle-
aged or older adults who had spent decades in noisy
workplaces.4 However, recent data indicate that nearly half
of teenagers and young adults in middle- and high-income
countries are exposed to unsafe sound levels through personal
audio devices.5 This shift in the demographics of NIHL and
tinnitus is particularly alarming, as it highlights the growing
vulnerability of younger generations to these conditions.
The popularity of personal listening devices, coupled with
easy access to downloadable music, has made it convenient
for individuals to listen music anywhere, often in noisy
environments. The increasing use of earphones and earbuds
allows people to listen at high volumes without disturbing
those around them, creating a dangerous feedback loop
where users inadvertently increase sound to unsafe levels.
Studies have shown a strong association between tinnitus

in teenagers and young adults who regularly use MP3 players,
along with high-frequency hearing loss at 8,000 Hz.6 One
key issue is that MP3 file formats compress original audio
files, reducing sound quality particularly in the middle
frequency ranges, where damage is more likely to occur.
Research on the sound pressure levels delivered by personal
music devices reveals a wide range of potential exposures,
from 60 to 120 dB.7 This variability means that users can
easily exceed safe listening levels without realizing the
damage being done. Beyond recreational exposure, occupa-
tional noise remains a major source of hearing damage.
Individuals working in construction, manufacturing, and
even the music industry are at heightened risk, as daily
exposure to harmful noise levels becomes routine. Compoun-
ding the issue is the integration of digital sound into nearly
every aspect of life, from loud work environments to constant
background noise in urban settings.
The exact mechanisms underlying NIHL are not fully
understood, but one prominent theory involves ischemia-
reperfusion injury of the cochlea. Loud noise is thought to
reduce blood flow to the cochlea, triggering oxidative stress
and the production of reactive oxygen species (ROS). This
oxidative damage affects hair cells, supporting cells, and
spiral ganglion neurons, leading to cell death. Studies have
shown that ROS levels increase dramatically within hours
of noise exposure and can remain elevated for several days.8

This suggests that reducing oxidative stress in the cochlea
could play a key role in preventing NIHL.
Tinnitus, while often underestimated as a health issue, can
severely impact an individual's well-being. It has been linked
to sleep disturbances, anxiety, depression, and cognitive
difficulties, and in severe cases, may even lead to suicidal
tendencies. Social isolation is common among those with
chronic tinnitus, as they withdraw from activities that
exacerbate their symptoms. Research indicates that between
57% and 76% of tinnitus cases are directly linked to NIHL.9

The pathophysiology of tinnitus remains poorly understood,
but it is believed to result from spontaneous depolarization
of auditory nerve fibers in the absence of external stimuli.10

Another theory suggests that noise exposure can damage
synaptic connections between inner hair cells and spiral
ganglion cells, leading to a form of "hidden hearing loss."
This hidden damage manifests as tinnitus, loudness
intolerance, and difficulty hearing in noisy environments.11,12
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Currently, there is no definitive treatment for established
cases of NIHL or tinnitus, making prevention the most
effective strategy. For mild to moderate hearing loss, hearing
aids can restore auditory perception, while cochlear implants
may be an option for those with severe or profound deafness.
Some researchers have experimented with intra-tympanic
and oral steroids, but the results remain controversial.
Pharmacological approaches that target oxidative stress by
scavenging ROS and increasing antioxidant activity within
the cochlea are also being explored, but further research is
needed to validate these interventions.
Given the preventable nature of NIHL and tinnitus, public
health strategies should focus on education, regulation, and
early intervention. Key recommendations include:
1. Public Awareness Campaigns: Governmental and health
organizations must continue raising awareness about the
dangers of excessive noise exposure. Initiatives like the
WHO's "Make Listening Safe" campaign aim to educate
young people on the risks of high-volume listening and
encourage safer habits, such as using volume-limiting features
on devices.
2. Regulation of Personal Listening Devices: Manufacturers
should be encouraged or even mandated to include volume
limits and hearing health warnings on personal audio devices.
Smartphone apps that track listening habits and warn users
of unsafe noise levels can promote more responsible listening
practices.
3. Hearing Conservation Programs: For individuals exposed
to occupational noise, mandatory hearing conservation
programs should be implemented. These programs typically
include regular hearing tests, the use of protective ear
equipment, and guidelines to minimize exposure to harmful
noise levels.
4. Research and Innovation: Investment in research is critical
for understanding the mechanisms of tinnitus and developing
effective treatments. Emerging fields such as gene therapy,
stem cell research, and neural modulation hold promise for
future therapies that could reverse or mitigate the effects of
NIHL and tinnitus.
To conclude, the digital world has undeniably transformed
the way we interact with sound. However, this transformation
has come at a cost, with an increasing number of young
individuals at risk for noise-induced hearing loss and tinnitus.
Personal listening devices, often delivering dangerously
high sound levels directly into the ear, are of particular
concern. Without proper education, regulation, and
intervention, we may face a growing public health crisis as
younger generations continue to expose themselves to
hazardous sound levels.
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ABSTRACT:
Objective: The purpose of this study was evaluation of the anticancer activity of n-hexane and acetone leaf extracts obtained
from Delonix regia on BJ (normal fibroblast), cervical (HeLa), and prostate cell lines.
Study Design and Setting: This in vitro study was designed to assess the cytotoxic effects of leaf extracts from D. regia.
The leaves were harvested, dried, and then subjected to extraction using hexane and acetone. The resulting extracts were
concentrated and prepared for analysis. The effects of these extracts were evaluated on HeLa and prostate cell lines under
standard laboratory conditions.
Methodology: MTT colorimetric assay was used to evaluate the cytotoxic activity of leaf extracts. Cell cultures were
prepared and introduced into the plates. Different concentrations of extracts were added, and reduction of MTT to formazan
within cells was measured. The cytotoxicity was monitored as the concentration causing 50% growth inhibition (IC50) for
cell lines.
Results: Results show that the acetone extract exhibits moderate inhibition (36.29%) on cervical cell lines, while the n-
hexane extract demonstrates higher inhibition (55.84%) on the same cell line. However, both extracts are inactive on prostate
cell lines. On BJ cell lines, both extract showing significant inhibition (69.68% & 61.32%) respectively.
Conclusion: In conclusion n-hexane extracts of D. regia exhibited more cytotoxic activity than acetone leaf extract.
Although, D. regia possessed some anticancer activity potential however its efficacy is not comparable to doxorubicin.
The study suggests further exploration of acetone and n-hexane extracts from D. regia as potential anticancer agents.
Keywords: Acetone, Anticancer, Delonix regia, HeLa, Leaf extract, n-Hexane, Prostate cell lines
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INTRODUCTION:
In recent years, natural compounds derived from plants have
emerged as highly capable candidates for cancer treatment.
These compounds show minimal harm to healthy cells as
selectively targeting tumor cells, owing to their minor side
effects, inherent biological activity, structural complexity,
and chemical diversity.1 Flavonoids, terpenoids, alkaloids,

and phenols are among the various organic compounds
derived from plants that possess anti-tumor properties. These
compounds have been shown to impede tumor cell
progression, inhibit telomerase activity, regulate apoptosis,
halt angiogenesis, boost immunity, modulate resistance-
causing signaling pathways, and more.2,3 Currently, the basis
of cancer treatment includes radiotherapy, immunotherapy,
locally targeted therapy, and surgical resection. Traditional
therapies are effective for early-stage cancer; however, they
often entail significant side effects, drug resistance, frequent
recurrences, and metastases, rendering them less successful
for locally advanced or metastatic cervical cancer.4

Prostate cancer ranks among the most prevalent types of
cancer globally, particularly affecting Western societies.
Around 1.1 million men globally diagnosed with prostate
cancer in 2012, constituting nearly 15% of all cancers. The
70% of these cases occurred in more developed nations, due
to widespread prostate-specific antigen (PSA) testing and
subsequent biopsies. Prostate cancer accounted for 307,000
estimated deaths in 2012, making it the 5th leading cause of
cancer-related death in men, comprising 6.6% of total male
deaths.5 Moreover, common medications prescribed for
cervical cancer have been associated with various side effects
and drug resistance.6 Cisplatin, one of the most potent
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anticancer drugs, can encounter resistance mechanisms.7

Similarly, 5-fluorouracil, used in cervical cancer treatment,
has been linked to side effects and resistance.8 Thus, there
is a pressing need to develop medications for cervical cancer
with improved safety profiles and efficacy.
The Delonix regia tree, commonly known as Gul mohar,
Royal Poinciana, or Flamboyant, is native to Madagascar.
It was first identified by botanist Wensel Brojer in its natural
habitat during the early 19th century. Since then, D. regia
has spread widely across subtropical and tropical regions
around the world and is extensively cultivated, particularly
as a decorative garden and avenue tree in Pakistan. Although
originally from Madagascar, this species has adapted to
various climates and is renowned for its vivid foliage and
striking flowers, enhancing landscapes globally.9 Delonix
regia is renowned for its medicinal properties, which are
attributed to its active compounds and secondary metabolites
with notable biological significance. The entire plant is
considered to have medicinal potential, with its various
constituents providing diverse therapeutic benefits. The
botanical name "Delonix" suggests visibility, while "regia"
denotes regal magnificence, reflecting the tree's grandeur
and its significance within its ecosystem.
The primary plant constituents include essential nutrients
such as common sugars, amino acids, proteins, and
chlorophyll. Although these are crucial for plant growth,
they typically do not possess significant medicinal properties.
In contrast, secondary plant metabolites, which include
alkaloids, terpenoids, saponins, phenolic compounds,
flavonoids, and tannins, are essential for various biological
and pharmacological activities. These secondary metabolites
are vital for plant defense and ecological interactions and
are often used in both traditional and modern medicine due
to their diverse and potent bioactive properties.10, 11

Traditionally, its flowers have been used to treat various
diseases such as malaria, rheumatoid arthritis, constipation,
pneumonia, diabetes and inflammation.12 Extracts from its
leaves exhibit anti-inflammatory, anti-hyperglycemic, anti-
microbial, anti-oxidant, hepato-protective and cytotoxic
effects, while stem bark extracts possess antioxidant and
antimicrobial activities.9,13,14 Despite its ornamental value,
D. regia harbors significant medicinal potential, prompting
research into its anticancer properties beyond its traditional
uses.
Different parts of D. regia contains different phytochemicals
associated with different pharmacological activity. In leaves
the most abundant phytochemical constituents are flavonoids,
amino acid, alkaloids, saponins, glycosides, proteins,
carbohydrates, diterpenes, and steroids. This study was
design to evaluate the anticancer potential of Delonix regia
leaf extracts using both polar (acetone) and non-polar (n-
hexane) solvents. The main goal was to understand how
these different solvents affect the extraction of bioactive

compounds from the leaves and to assess their impact on
inhibiting cancer cell growth. By comparing the anticancer
effects of the extracts from these solvents, the research aimed
to identify which extract holds the most promise for
therapeutic applications. Ultimately, this study seeks to offer
valuable insights into the effectiveness of D. regia leaf
extracts in cancer treatment and contribute to the development
of new, plant-based anticancer therapies.
METHODOLOGY:
This research was approved by the Institutional Review and
Ethical Board (IREB) of Baqai Medical University, Ref.
No. BMU-IREB-03-2023 dated 02-08-2023.
This was an in-vitro study. The experimental investigation
was conducted at the Department of Pharmacology and
Therapeutics, Baqai Medical College and University of
Karachi (HEJ), utilizing in vitro methodologies spanning a
period of six months from March 2023 to September 2023.
D. regia leaves were brought from the local garden of
Karachi University. Subsequently, the plant underwent
identification and authentication processes at the herbarium
of the Botany Department of Karachi University, where it
was assigned voucher number 97626.
Freshly harvested D. regia leaves were collected and carefully
sorted. They were cleaned using tap water to remove any
dirt, then rinsed with distilled water to eliminate contaminants.
Afterward, the leaves were air-dried, sliced on a cutting
board, and finely pulverized using a blender. The resulting
powder was subjected to extraction using n-Hexane and
Ethanol solvents in a Soxhlet apparatus. The extracted
solution was concentrated using a rotary vacuum evaporator
and then stored in a desiccator to maintain its integrity and
prolong its shelf life, ensuring its suitability for potential
applications. 15,16,17,18

For determination of anticancer activity MTT (3-[4, 5-
dimethylthiazole-2-yl]-2, 5-diphenyl-tetrazolium bromide)
colorimetric assay was performed according to previously
described protocol.19 Cytotoxic activity of extracts was
assessed in 96-well micro-plates. Cells including BJ
(fibroblast), HeLa (cervical cancer), and prostate cell lines
were cultured in minimum essential medium eagle
supplemented with 5% fetal bovine serum (FBS), 100 IU/ml
of penicillin, and 100 µg/ml of streptomycin in 75 cm2

flasks, and maintained in a 5% CO2 incubator at 37°C.
Exponentially growing cells were harvested, counted with
a haemocytometer, and diluted to a concentration of 6x104

cells/ml in a specific medium. Cell suspensions were then
introduced into 96-well plates (100 µL/well).
Following overnight incubation, the medium was replaced
with 200 µL of fresh medium containing various
concentrations of compounds (1-30 µM). After 48 hours,
200 µL of MTT solution (0.5 mg/ml) was added to each
well and further incubated for 4 hours. Subsequently, 100
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µL of DMSO was added to each well to dissolve the formazan
granules formed by MTT reduction. The extent of MTT
reduction within cells was quantified by measuring the
absorbance at 570 nm using a microplate reader (Spectra
Max plus, Molecular Devices, CA, USA). The cytotoxicity
of the compounds was assessed by determining the
concentration causing 50% growth inhibition (IC50) for HeLa
cells. The percent inhibition was calculated using the
following formula:
Percent inhibition = 100-((mean of O.D of test compound
– mean of O.D of negative control)/ (mean of O.D of positive
control – mean of O.D of negative control)*100).
The results (Percent inhibition) were processed by using
Soft- Max Pro software (Molecular Device, USA).19

RESULTS:
The table presents the anticancer activity of leaf extracts
from D. regia on HeLa and prostate cell lines, along with
BJ cell lines, in comparison with the standard drug
doxorubicin. The results are outlined below: The cutoff
value for significant inhibition is set at 50%. Results show
that the acetone extract exhibits moderate inhibition (36.29%)
on HeLa cell lines, while the n-hexane extract demonstrates
higher inhibition (55.84%) on the same cell line (Table 1).
However, both extracts are inactive on prostate cell lines,
with the acetone extract showing some activity (5.24%) and
n-hexane extract exhibiting (18.29%) activity (Table 2). On
BJ cell lines, both extract showing significant inhibition
(69.68% and 61.32%) respectively (Table 1). In contrast,
doxorubicin displays significant inhibition on all cell lines
tested, surpassing the 50% cutoff value, with notable potency
observed in both inhibition percentages and IC50 values.
DISCUSSION:
This study demonstrates the anticancer properties of n-
hexane and acetone leaf extracts from Delonix regia (Gul
Mohar) across HeLa, prostate, and BJ (normal fibroblast)

cell lines, offering important insights into their possible
therapeutic uses and limitations.
This study showed that leaf extracts of n-Hexane of D. regia
demonstrated higher inhibition ((55.84%) on cervical cancer
cells compared to the acetone extract (36.29%). This
suggested that the n-hexane extract may contain more potent
and bioactive anticancer components which were effective
in targeting cervical cancer cells. However it lacked
significant activity against prostate cancer cells which
suggested that active compounds are not effective this type
of cancer cell line. Interestingly, n-hexane extracts exhibited
significant inhibition on BJ normal fibroblast cell lines,
showing 69.68% inhibition. The significant inhibition on
normal cells is less desirable from a therapeutic perspective,
so this need careful monitoring. In our previous study, GC-
MS (Gas Chromatography-Mass Spectrometry) analysis
showed that n-hexane extracts of leaf of D. regia contained
phytol, di-iso-octyl ester, lupeol, Squalene,  2,6,10,15-
tetramethyl-, Pentadecan, nonacosane, 1, 30-triacontanediol,
Hexadecane, 2,6,11,15-tetramethyl, Heptadecane 2,6,10,15-
tetramethyl-, Tetra- and tri- acontane, Phthalic acid, butyl
tetradecyl ester, Vitamin E, Heneicosane, Triacontane and
á-Amyrin. In which Heptadecane 2, 6, 10, 15-tetramethyl,
Phytol, Heneicosane, squalene, Triacontane, lupeol reported
to had anticancer and antineoplastic activities.20, 21

The acetone extract exhibited moderate inhibition on HeLa
cell lines, however, it lacked considerable activity against
prostate cancer cells. Especially, it showed some inhibition
on BJ cell lines, indicating a potential impact on non-
cancerous cells, possibly through cytostatic effects. In our
previous study through GC-MS examination we determined
that the D. regia leaf extract with acetone contains many
phyto-constituents which included phytol, squalene, á-
amyrin, lupeol, Vitamin E, Stigmasterol and â Sitosterol. In
which phytol, squalene and lupeol are associated with
anticancer/anti-tumor activities.20, 21

30
30
30

Acetone extract
n-Hexane extract
Doxorubicin (Standard)

Sample Code Conc. (µM) HeLa cell lines BJ cell lines

IC50±SD
14.51±0.18
19.62±0.21
0.16±0.19

% Inhibition
69.68
61.32
93.68

IC50±SD
Inactive

26.32±0.48
1.13±0.16

% Inhibition
36.29
55.84
98.7

Table 1: Anticancer activity of leaf extracts from Delonix regia on cervical (HeLa) cell lines compared
with BJ and standard drug (Doxorubicin)

Table 2: Anticancer activity of leaf extracts from Delonix regia on prostate cell lines compared with BJ
and standard drug (Doxorubicin)

30
30
30

Acetone extract
n-Hexane extract
Doxorubicin (Standard)

Sample Code Conc. (µM) HeLa cell lines BJ cell lines

IC50±SD
14.51±0.18
19.62±0.21
0.16±0.19

% Inhibition
69.68
61.32
93.68

IC50±SD
Inactive
Inactive

1.18±0.21

% Inhibition
05.24
18.29
80.8
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The differences in activity may stem from variations in the
composition and their concentration of bioactive compounds
and their mechanisms of action in acetone and n-hexane
extracts. n-Hexane contained more anti-cancer components
than acetone extracts.
In contrast, doxorubicin which is well established anticancer
drug, displayed potent anticancer activity across all cell lines
tested. Its efficacy against cervical, prostate as well as BJ
cell lines, highlighted its broad-spectrum cytotoxicity, further
supported by low IC50 values.
The comparison between the leaf extracts and doxorubicin
emphasized the superior efficacy of the standard drug in
inhibiting cancer cell growth across all cell lines. Whereas
the leaf extracts illustrated some level of inhibition on
cervical cancer cells, they displayed limited activity against
prostate cancer cells and BJ cell lines compared to
doxorubicin.
A previous study demonstrated that the methanol extract of
D. regia leaves exhibited cytotoxic activity against the
HepG2 (human liver carcinoma) cell line, which was due
to presence of different flavonoid glycosides. These
flavonoids had potential anticancer as well as anti-oxidant
activities.22 Additionally, research conducted by El-Sayed
et al., (2011) showed that the ethanolic extract of D. regia
flower also possessed cytotoxic activities against the HepG2
cell line and linked it due to rich contents of flavonoids.23

Ursolic acid, quercetin and its 3-o-rhamnoside compounds,
â-sitosterol and its glucoside present in ethanolic extract of
D. regia flower possessed significant cytotoxicity when
anticancer activity was checked alone. Methanol extract,
aqueous and chloroform fractions of stem bar of D. regia
also possessed cytotoxicity monitored in tadpole model. The
order of cytotoxic activity was chloroform fraction, methanol
extract and aqueous fraction respectively.24

This study aligns with previous findings and supports the
cytotoxic potential of Delonix regia, likely due to its diverse
flavonoid content. The link between antioxidant activity and
anticancer effects is crucial here. Oxidative stress, caused
by an imbalance of reactive oxygen species (ROS) and
antioxidants, can lead to DNA damage, mutations, and
cancer progression. The antioxidant compounds in Delonix
regia help mitigate this oxidative stress by neutralizing ROS,
thus protecting healthy cells from damage and potentially
preventing their transformation into cancerous cells. By
reducing oxidative stress, these compounds contribute to
maintaining cellular health and reducing cancer risk,
reinforcing the anticancer activity observed in various extracts
of Delonix regia. Therefore, compounds or treatments that
reduce oxidative stress can also help to inhibit tumor
promotion.23, 25

This research had few limitations. Study was carried out
entirely in vitro using cell cultures to evaluate the anticancer
properties of acetone and n-hexane extracts from Delonix

regia leaves. As a result, the study may not necessarily
reflect their effectiveness or safety in animal models or
humans. Further exploration of acetone and n-hexane extracts
from D. regia as potential anticancer agents in animals is
needed. Comparative study can also be performed using
other solvents like aqueous and methanolic solvents using
other cell lines of cancer. Specific bioactive compounds
within the leaf extracts and their interactions with cancer
cells could provide valuable insights for the development
of novel anticancer therapies. Combining leaf extracts with
conventional chemotherapeutic agents could enhance
treatment outcomes.
CONCLUSION:
In conclusion, acetone and n-hexane extracts showed
moderate inhibition on cervical cell lines, however no activity
observed on prostate cell lines. Doxorubicin, however,
illustrated significant inhibition on all tested cell lines.
Although, D. regia possesses some anticancer activity
potential however its efficacy is not comparable to
doxorubicin. The study suggests further exploration of
acetone and n-hexane extracts from D. regia as potential
anticancer agents in animals.
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ABSTRACT
Objective: To determine the frequency of perforated acute appendicitis in patients with acute appendicitis and its association
with patients clinic demographic characteristics.
Study design and setting: This cross sectional study was conducted in general surgery unit from 1st January 2022 to 31st

December 2022.
Methodology: 171 patients were included. Patients who were provisionally diagnosed as acute appendicitis were included
in the study. Sampling technique was nonprobability consecutive sampling. Statistical analysis was done through SPSS
Version 23.
Results: The study included 171 patients, with 58.5% male and 41.5% female. The majority of patients were aged between
25-35 years and had a normal weight. Grossly inflamed appendix was the most common finding (69.6%), followed by
perforated appendix (19.3%), normal appendix (8.2%), and gangrenous appendicitis (2.9%). There was no statistically
significant difference between gender and intraoperative findings. Age categories and duration of symptoms were significantly
associated with intraoperative findings.
Conclusion: In conclusion, 19.3% of patients with acute appendicitis presented with perforation. Age and duration of
symptoms were found to be significantly associated with intraoperative findings, highlighting the importance of early
diagnosis and timely surgical intervention.
Key Words: Appendicitis, Complications, Perforated, Ruptured
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INTRODUCTION
Acute appendicitis is recognized as the most common
abdominal surgical emergency, with a lifetime risk of
occurrence estimated to be between 7% and 8%. This

condition is most frequently observed during the second
decade of life, making it a significant health concern,
particularly among adolescents and young adults.1 The
history of acute appendicitis dates back several centuries,
with the earliest references in medical literature appearing
in the 1500s. Originally termed parasyphilitic, acute
appendicitis was a condition that puzzled early physicians.
The first recorded appendectomy, the surgical removal of
the appendix, was documented in 1736, marking a milestone
in the surgical treatment of this condition.1,2

It wasn't until 1886 that Reginald Fitz, a prominent
pathologist, emphasized the importance of appendectomy
in managing acute appendicitis. 2 Fitz's work laid the
foundation for the surgical approach to this condition, which
remains the standard treatment today. Shortly after Fitz's
contributions, Charles McBurney, a pioneering surgeon,
described the clinical features of acute appendicitis, including
the characteristic point of maximum tenderness in the right
iliac fossa. This area, now known as McBurney's point, is
a key diagnostic indicator in assessing patients suspected
of having acute appendicitis.2,3

While the diagnosis of acute appendicitis is primarily clinical,
advancements in imaging techniques have provided additional
support for clinicians. Ultrasound and contrast-enhanced
computed tomography (CT) scanning are now commonly
used to confirm the diagnosis, particularly in cases where
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the clinical presentation is ambiguous.3 These imaging
modalities help to reduce the risk of misdiagnosis and ensure
that patients receive timely and appropriate treatment.
However, despite these advances, the diagnosis and treatment
of acute appendicitis remain time-sensitive. Failure to
promptly identify and treat the condition can lead to severe
complications, such as gangrene and perforation. 3,4

Perforation of the appendix is a particularly dangerous
complication of acute appendicitis, leading to significant
morbidity and mortality. The risk of perforation varies
depending on several factors, including the patient's age,
immune status, and the underlying cause of the appendicitis.4

In general, perforation is associated with increased rates of
hospitalization, longer recovery times, and greater financial
costs for patients. Mortality rates in cases of perforated
appendicitis can reach 5% or higher, especially among
patients with multiple comorbidities or those at the extremes
of age. 5 Both pediatric and geriatric patients are more
susceptible to delayed presentations, which increases their
risk of perforation. In adults, the risk of perforation begins
to rise after 36 hours from the onset of symptoms, increasing
by approximately 5% every 12 hours if the condition is left
untreated. 6

Despite technological advancements, the diagnosis of
appendicitis continues to rely primarily on the patient’s
history and physical examination . 7To assist in diagnosing
acute appendicitis, various scoring systems have been
developed .8 These systems are designed to aid clinicians in
evaluating patients with suspected appendicitis. Among
them, the Alvarado score is the most widely recognized and
has performed well in validation studies. However, it has
certain limitations. For instance, the Alvarado score was
initially created based on a review of patients who had
already undergone surgery due to suspected appendicitis,
yet it is intended to be applied to all patients with suspected
appendicitis. Additionally, the score does not include C-
reactive protein (CRP) as a variable, despite numerous
studies highlighting the importance of CRP in assessing
patients with appendicitis.9 CRP is a key differential factor
in the Appendicitis Inflammatory Response Score (AIRS).
Utilizing AIRS can help reduce unnecessary radiological
and surgical procedures. 10 The development of the AIR
score enhances diagnostic accuracy by combining easily
applicable clinical criteria with two simple laboratory tests—
CRP and complete blood count (CBC)—to classify patients
according to the likelihood of an appendicitis diagnosis .11

Several studies have reported varying rates of perforation
in patients with acute appendicitis. For example, Omari AH
reported a perforation rate of 25.8%, 1 while Imad et al.
documented a rate of 20%.12

Despite the wealth of research on acute appendicitis, there
is a notable gap in the literature regarding the rate of
perforation in patients with acute appendicitis in certain

regions, including ours. Understanding the frequency of
perforat ion and i ts  associat ion with  pat ient
clinicodemographic characteristics in our region is crucial
for improving patient outcomes. To address this gap, we
have planned a study to determine the frequency of
perforation in patients with acute appendicitis and to explore
its association with various clinicodemographic factors. By
identifying the factors that contribute to the risk of perforation,
we aim to enhance early diagnosis and treatment strategies,
ultimately reducing the morbidity and mortality associated
with this common surgical emergency.
METHODOLOGY:
After obtaining approval from the ethical review board of
the institution (ERC No: 904/ HMC/QAD-00), a
comprehensive cross-sectional study was meticulously
designed and conducted. The study focused on 171 patients
who presented with a diagnosis of acute appendicitis, ranging
in age from 15 to 50 years. Perforated appendicitis was
defined as the presence of a visible perforation in the appendix
wall identified during surgery, accompanied by one or more
of the following findings:
· Visible hole/breach in the appendicular wall
· Presence of free pus in the peritoneal cavity
· Presence of fecalith in the peritoneal cavity
· Gross contamination of the peritoneal cavity with purulent
material
These patients were admitted to the General Surgery
department of Hayatabad Medical Complex, located in
Peshawar, Pakistan. The study period spanned a full calendar
year, commencing on 1st January 2022 and concluding on
31st December 2022, allowing for a thorough examination
of seasonal variations and potential trends in appendicitis
cases.
The sampling technique employed in this study was
nonprobability consecutive sampling, a method chosen for
its practicality and ability to capture all eligible patients
within the specified timeframe. This approach ensured that
every patient meeting the inclusion criteria during the study
period was considered for participation, thereby minimizing
selection bias and enhancing the representativeness of the
sample.
Sample size calculation was performed using the World
Health Organization (WHO) sample size calculator, a widely
recognized tool in epidemiological research. The calculation
was based on several key parameters: the expected frequency
of perforated appendicitis was set at 20%, as informed by
previous literature and regional data. A confidence interval
of 95% was selected to ensure a high level of statistical
reliability, and a margin of error of 6% was deemed acceptable
for the study's objectives. These parameters were carefully
chosen to balance statistical power with feasibility
considerations.
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To maintain the integrity and specificity of the study, several
exclusion criteria were established. Patients presenting with
enteric perforation, a condition that can mimic appendicitis
symptoms, were excluded to prevent confounding results.
Similarly, cases of mesenteric ischemia and intestinal
obstruction were omitted due to their potential to complicate
the diagnosis and management of acute appendicitis. Pregnant
patients were also excluded from the study cohort, considering
the unique physiological changes and diagnostic challenges
associated with pregnancy. Additionally, patients with known
malignancies were not included, as cancer could potentially
alter the presentation and progression of appendicitis. Through
the rigorous application of these exclusion criteria, a total
of twenty patients were deemed ineligible and subsequently
excluded from the study population.
Ethical considerations were paramount in the conduct of
this research. Written informed consent was diligently
obtained from all participating patients or their legal guardians
in cases where patients were unable to provide consent
themselves. This process ensured that all participants were
fully aware of the study's objectives, procedures, potential
risks, and benefits, thereby upholding the principles of
autonomy and informed decision-making in medical research.
Prior to surgical intervention, all patients underwent a
standardized preoperative assessment and investigation
protocol, adhering strictly to the institutional guidelines of
Hayatabad Medical Complex. This comprehensive evaluation
typically included a detailed medical history, physical
examination, laboratory tests (such as complete blood count,
C-reactive protein levels, and liver function tests), and
imaging studies (which may have included abdominal
ultrasound or computed tomography scans, depending on
clinical indications). The uniformity of this preoperative
protocol across all study participants ensured consistency
in patient evaluation and decision-making.
The critical decision to proceed with surgery for acute
appendicitis was made exclusively by a specialist consultant
general surgeon. This approach leveraged the expertise and
clinical judgment of experienced professionals, ensuring
that surgical interventions were warranted and appropriate
for each case. The involvement of senior surgeons in this
decision-making process added a layer of quality assurance
to the study methodology.
Intraoperative findings were meticulously documented, with
particular attention paid to the gross pathology of the
appendix. In cases where perforation was suspected or
confirmed, the surgical team conducted a thorough inspection
of the appendicular wall during the appendectomy procedure.
This detailed examination focused on identifying any breach
in the continuity of the appendix wall, which is a hallmark
of perforation. Furthermore, the peritoneal cavity was
carefully explored for the presence of any collections, such
as pus or inflammatory exudates, which could indicate

advanced disease or complications.
Data regarding perforated appendicitis were recorded with
precision, adhering strictly to the operational definition
established for the study. This definition likely included
specific criteria for classifying an appendix as perforated,
such as visible holes in the appendix wall, presence of
fecaliths in the peritoneal cavity, or extensive peritoneal
contamination. The primary focus of data collection was on
determining the frequency of perforated acute appendicitis
within the study population.
To ensure consistency and minimize variability in surgical
technique and assessment, all surgeries were performed by
the same surgical team. This team was led by a highly
qualified consultant surgeon with a minimum of 5 years of
post-fellowship experience in general surgery. The researcher,
who was also involved in the study design and data collection,
assisted in these surgeries, providing an additional layer of
observation and data verification. This approach not only
standardized the surgical procedures but also allowed for
real-time documentation of intraoperative findings.
Data was analysed using statistical analysis program IBM
SPSS version 23. Frequencies and percentages were recorded
for categorical variables including gender and presence of
perforated acute appendicitis. Mean standard deviation was
computed for numerical variables including age, BMI and
duration of pain. Effect modifiers like age, gender, BMI and
pain duration was controlled by rough stratification. Post-
stratification chi square test/Fischer exact test was be applied.
P value =0.05 was considered statistically significant.
RESULTS:
The study encompassed a total of 171 patients, providing
a substantial sample size for robust statistical analysis. The
mean age of the study participants was calculated to be 26.4
years, with a standard deviation of 10.0263 years. This
relatively young average age, coupled with a considerable
standard deviation, suggests a wide age range within the
study population, potentially capturing diverse presentations
of acute appendicitis across different life stages.
Gender distribution within the study cohort revealed a slight
male predominance. Males constituted the majority,
comprising 100 patients, which represented 58.5% of the
total sample. Females, on the other hand, accounted for 71
patients, making up 41.5% of the study population. This
gender disparity, while notable, is consistent with some
epidemiological studies suggesting a higher incidence of
acute appendicitis in males.
Age categorization of the participants yielded interesting
insights. The largest age category by far was the 25-35 year
group, which included 134 participants, representing a
substantial 78.4% of the total sample. This predominance
of young adults in the study population could have significant
implications for understanding the peak incidence age for

Page-10JBUMDC 2025;15(1):08-14

Frequency and Association of Perforated Appendix with Patient’s Characteristics in Acute Appendicitis



acute appendicitis in this particular geographic and
demographic context.
Body Mass Index (BMI) classification of the participants
revealed that the majority fell within the normal weight
range. Specifically, 118 patients, constituting 69% of the
total sample, were classified as having a normal BMI. This
was followed by the overweight category, which included
29 patients or 17% of the sample. Interestingly, 14 patients
(8.2%) were categorized as underweight. The remaining
5.8% of patients, though not explicitly stated, can be inferred
to fall into the obese category. These BMI distributions
provide valuable information about the potential relationship
between body weight and the incidence or presentation of
acute appendicitis. These demographic and BMI data are
presented in Table 1.
Intraoperative findings offered crucial insights into the
pathological states of the appendix at the time of surgery.
The most prevalent finding was a grossly inflamed appendix,
observed in 119 cases, which accounted for a significant
69.6% of all surgeries. This high percentage of inflamed
appendices underscores the importance of timely diagnosis
and intervention in preventing more severe complications.
The second most common intraoperative finding was a
perforated appendix, encountered in 33 cases, representing
19.3% of the total. This substantial proportion of perforated
cases highlights the potential for rapid progression of
appendicitis and the critical nature of early diagnosis and
treatment. Perforated appendicitis is associated with increased
morbidity and can lead to more complex postoperative
courses, emphasizing the need for strategies to reduce the
incidence of this complication.
Surprisingly, 14 cases (8.2%) revealed a normal appendix
upon intraoperative examination. This finding is particularly
noteworthy as it points to the challenges in preoperative
diagnosis of acute appendicitis and the potential for false-
positive clinical assessments. These cases of negative
appendectomies warrant further investigation into improving
diagnostic accuracy to minimize unnecessary surgeries.
The least common but potentially most severe presentation
was gangrenous appendicitis, observed in 5 cases (2.9%).
Although relatively rare, gangrenous appendicitis represents
a critical stage of the disease with potentially serious
complications, further emphasizing the importance of prompt
diagnosis and treatment. The distribution of these
intraoperative findings is illustrated in Figure 1.
Stratification of intraoperative findings by various factors
provided additional depth to the analysis. Gender
stratification, while showing a slight male predominance,
did not yield statistically significant differences in appendicitis
types between males and females (p = 0.174). This suggests
that gender may not be a strong predictor of the type or
severity of appendicitis in this population.

Age stratification revealed a striking concentration of cases
in the 26-35 year age bracket, with 134 patients (78.4%)
falling into this category. The 36-45 year category included
27 patients (15.8%), while 9 patients (5.3%) were aged 46-
50 years. Notably, only 1 patient (0.6%) was in the 15-25
year category. The distribution of appendicitis types across
these age categories demonstrated high statistical significance
(p = 0.00), indicating a strong relationship between age and
the presentation or progression of appendicitis.
BMI classification analysis showed that the majority of
patients (118, 69.0%) were of normal weight, followed by
29 overweight patients (17.0%), 14 underweight patients
(8.2%), and 9 obese patients (5.3%). The variation in
appendicitis types across these BMI categories reached
statistical significance (p = 0.020), suggesting that body
mass index may play a role in the development or presentation
of different types of appendicitis.
Analysis of symptom duration revealed that a majority of
patients (117, 68.4%) experienced symptoms for more than
24 hours before seeking medical attention, while 54 patients
(31.6%) reported symptoms lasting less than 24 hours. The
difference in appendicitis types based on symptom duration
was highly statistically significant (p = 0.00). This finding
underscores the critical importance of timely medical
intervention and suggests that longer symptom duration may
be associated with more advanced stages of appendicitis.
The stratification of intraoperative findings by age, gender,
BMI, and symptom duration is detailed in Table 2.
DISCUSSION:
Acute appendicitis stands as one of the prevalent surgical
emergencies confronted by surgical residents during their
residency tenure. Diagnosis of acute appendicitis heavily
relies on clinical assessment, making it a notably challenging
task. In cases where diagnostic ambiguity persists, CT scan
of the abdomen and pelvis with contrast emerges as a
commonly employed diagnostic tool, given its impressive
sensitivity (94%) and specificity (95%) compared to
alternative investigative modalities.12,13 However, in peripheral
healthcare settings where CT scan availability may be limited,

Percentage
41.5
58.5
0.5
63.5
12.8
4.3
8.2
69
17
5.8

Frequency
71
100
1

134
27
9
14
118
29
10

Categories
Female
Male
15-25yrs
25-35yrs
35-45yrs
45-50yrs
Underweight
Normal Weight
Overweight
Obese

Variables

Gender

Age Categories

BMI Categories

Table 1: Descriptive statistics of preoperative and intraoperative
variables
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8%

19%

70%

3%

reliance on clinical examination remains prominent.
Consequently, there exists a heightened risk of missing the
diagnosis and delay in diagnosis lead to significant morbidity
and mortality due to perforation.14,15

The distribution of intraoperative findings in the present
study is consistent with the current literature on appendicitis.
Grossly inflamed appendix was the most common finding,
which is in line with previous studies reporting an incidence
of inflamed appendix ranging from 65% to 85% .16,17

Perforated appendix was the second most common finding,
which is consistent with the literature indicating that
approximately 20-30% of appendicitis cases result in
perforation.1,18 In our study the incidence of perforated
appendicitis was 19.3% while study by Nighat G et al in
Pakistan reported 11.3% in her study.19 Finally, the incidence
of normal appendix was 8.2%, which is consistent with the
reported incidence of negative appendectomy ranging from
5% to 25%.1,20

Several studies have examined the association between
gender and appendicitis, with mixed results. Some studies
have found no significant difference in the incidence of
appendicitis between males and females, while others have

reported higher incidence rates in males.21,22 One study
conducted in a large hospital in Turkey found no significant
difference in the frequency of appendicitis or other
intraoperative findings between males and females .23 Our
study results are consistent with this finding, as we found
no statistically significant difference in intraoperative findings
between male and female patients undergoing appendectomy.
The finding that the highest proportion of patients with
grossly inflamed appendix was in the age group of 25-35
years is consistent with previous studies. A study conducted
by Bolandparvaz et al. reported that the majority of their
study population with acute appendicitis belonged to the
age group of 20-40 years.24 Another study by Al-Qahtani et
al. also found that the highest incidence of acute appendicitis
was in the age group of 20-30 years.25

Moreover, the absence of gangrenous appendicitis in the
15-25 age group in the current study is in line with previous
reports. A study by Karaman et al. (2018) also reported no
cases of gangrenous appendicitis in the age group of 10-19
years.26

One study conducted by Tsai et al. found that patients with
acute appendicitis who had symptoms for more than 24
hours had a higher risk of perforation and abscess formation.27

Similarly, a study by Zhao et al. also found that the duration
of symptoms was significantly associated with the severity
of appendicitis and the risk of complications.28

The association between BMI and intraoperative findings
in patients undergoing appendectomy has been investigated
in several studies. A systematic review and meta-analysis
of 11 studies with a total of 7,163 patients found that higher
BMI was associated with increased risk of complicated
appendicitis, such as perforation and abscess formation
(24).29 Another study of 1,253 patients showed that overweight
and obese patients were more likely to have a complicated
appendicitis compared to normal weight patients.30

Table 2: Comparison of Intraoperative findings with Gender, Age, BMI and Durations of Symptoms

71
100
1

134
27
9
14
118
29
9
54
117

9 (12.7%)
5 (5%)

1 (100%)
10 (7.5%)
1 (3.7%)
2 (22.2%)
1 (7.1%)
13 (11%)
0 (0%)
0 (0%)

11 (20.4%)
3 (2.6%)

16 (22.5%)
17 (17%)
0 (0%)

22 (16.4%)
9 (33.3%)
3 (33.3%)
6 (42.9%)
17 (14.4%)
7 (24.1%)
4 (44.4%)
2 (3.7%)

32 (27.4%)

46 (64.8%)
73 (73%)
0 (0%)

101 (75.4%)
14 (51.9%)
4 (44.4%)
6 (42.9%)
87 (73.7%)
21 (72.4%)
5 (55.6%)
40 (74.1%)
79 (67.5%)

0 (0%)
5 (5%)
0 (0%)

1 (0.7%)
3 (11.1%)

0 (0%)
1 (7.1%)
1 (0.8%)
1 (3.4%)
1 (11.1%)
1 (1.9%)
3 (2.6%)

Female
Male
15-25 yrs
26-35 yrs
36-45 yrs
46-50 yrs
Underweight
Normal Weight
Overweight
Obese
Less than 24 hours
More than 24 hrs

Gangrenous
n (%)

Gross Inflamed
n (%)

Perforated
n (%)

Normal
n (%) TotalCategories P value

0.174

0.00

0.020

0.00

Variables

Gender

Age Category

BMI

Duration of
Symptoms

Gangrenous Appendicitis

Normal Appendix Perforated Appendix

Grossly Inflamed Appendix

Figure 1: Intraopertative Findings
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However, there are also studies that have reported no
significant association between BMI and appendicitis severity.
For example, a study of 399 patients found that BMI was
not a significant predictor of appendiceal perforation.31

The study highlights the increasing age and late intervention
to be the significant factors leading to perforation.
Despite these findings, there are certain limitations of this
study worth mentioning. Firstly, it was a cross sectional
study. Secondly, it was a single centre study. Thirdly, the
sample size can be increased to enhance the power of
findings. Lastly, we didn’t gather the follow up data.
CONCLUSIONS:
The perforation of the appendix remains a significant
complication of acute appendicitis, with implications for
both clinical outcomes and patient morbidity. Timely detection
of risk factors, such as patient age and the duration of
symptoms, plays a critical role in expediting appropriate
intervention and potentially preventing perforation.
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ABSTRACT
Objective: To compare the sensitivity and specificity of the neutrophil lymphocyte ratio in diagnosing late onset neonatal
sepsis in NICU patients at a tertiary care center
Study Design and Setting: Prospective observational study at Department of Pediatrics, Combined Military Hospital,
Lahore from February 2024-July 2024
Methodology: After admission into the NICU for suspected late onset neonatal sepsis, complete blood count, C-reactive
protein and blood cultures were sent before changing or starting broad spectrum anti-biotic therapy for 350 patients included
in the study. Primary variables observed were sensitivity and specificity of the neutrophil lymphocyte ratio in diagnosing
late onset sepsis once co-related with the culture results.
Results: Blood panel parameters showed mean absolute neutrophil count to be 5928.19796.05/mm3 versus 7032.80166.02/mm3

between the suspected and confirmed patients’ groups (p<0.001). Similarly, mean absolute lymphocyte count was
2745.32394.53/mm3 versus 3223.60278.90/mm3 between both groups (p<0.001). Median value for NLR was 1.70 (1.00)
versus 2.20 (1.00) between the suspected and confirmed culture groups (p<0.001). Assessment of receiver operating
characteristics (ROC) for NLR when compared with suspected and confirmed sepsis showed area under the curve being
0.644 (CI=95%) with sensitivity of 74.6%, specificity of 55.6%, positive predictive value being 57.3% and negative
predictive value being 73.3% with a cut-off value for NLR being 2.05.
Conclusion: We conclude that neutrophil lymphocyte ratio with a cut-off value of 2.05 is a reliable method to diagnose
late onset neonatal sepsis with good sensitivity.
Key Words: Lymphocyte ratio, neonatal, neutrophil, sepsis
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INTRODUCTION
Neonatal sepsis is the leading cause of neonatal morbidity
and mortality worldwide.1 The estimated prevalence for
neonatal sepsis is 1-10 per 1000 live births worldwide.2 The
prevalence is considerably higher in the developing world
with around 45-50 per 1000 live births in South-East Asia.3

Neonatal sepsis refers to bacteremia or infection in the
bloodstream in neonates less than 28 days post-birth. It
constitutes a varied clinical presentation with majority of
the neonates affected in the first and second week of life.4

Various factors contribute as causative and risk factors for
the development of neonatal sepsis. The causes increasing
susceptibility after birth include neonatal factors including
low birth weight, birth asphyxia, prematurity and maternal
factors include poor maternal health, smoking, mode of
delivery, delivery environment, ante-natal care given and
maternal infection especially in the last trimester.5

Early onset neonatal sepsis refers to infections during the
first week of life and late onset neonatal sepsis are infection
from the first week to the 90 days post-birth.6 Developing
countries face a dilemma in the diagnosis of neonatal sepsis
due to lack of resources and paucity of diagnostic panels
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except for a few large centers of excellence already
constrained with the patient load. Various investigations
have been proposed to reliably diagnose the condition, but
their sensitivity and specificity as sole markers have been
questionable. Total leucocyte count, C-reactive protein
(CRP), absolute neutrophil count have all been used as panel
markers for diagnostic purposes, but their use remains
questioned in neonates.7 The use of blood culture for the
diagnoses poses the limitation of delayed time required for
results and early intervention required in neonates suspected
of infection.6 Procalcitonin as a sepsis marker has gained
widespread acceptance but its high cost and limited
availability in our demographic area restricts its use in each
case under suspicion.8

The neutrophil-to-lymphocyte ratio (NLR) plays a crucial
role in diagnosing neonatal sepsis. This inflammatory
biomarker measures the balance between the innate and
adaptive immune systems. Recent literature revealed that
NLR is significantly higher in neonates with sepsis compared
to healthy controls. Additionally, NLR was higher in septic
neonates than in those suspected of sepsis but with negative
blood cultures. Integrating NLR into clinical practice can
aid in early diagnosis, potentially improving outcomes.
Restoring immune system balance may serve as an attractive
therapeutic target.  While certain markers including CRP
can aid and augment the diagnosis. The sole credibility of
the score need to be assessed for its recommendation. The
association is also strong with bacterial infections than viral
pathogens. It has also been linked to balance between the
integrity of the immune system and is very sensitive to
changes in normal homeostasis. High NLR values are thought
to signify a systemic inflammatory response and poor
immune competence, both of which are critical in the
pathophysiology of sepsis. Studies have demonstrated that
NLR can be a valuable predictive marker for sepsis severity
and mortality risk. For instance, research has shown that an
elevated NLR is linked to higher mortality rates and prolonged
hospital stays, suggesting that it may serve as an adjunctive
tool in clinical settings for assessing patient prognosis.
Moreover, NLR's utility in sepsis extends to its potential
role in guiding therapeutic interventions and monitoring
disease progression, offering a cost-effective and readily
accessible parameter for clinicians. However, while NLR
is a promising biomarker, it is essential to consider its
limitations, such as variability due to pre-existing conditions
or other inflammatory diseases, which can affect neutrophil,
and lymphocyte counts independently of sepsis. Furthermore,
the interpretation of NLR should be integrated with other
clinical parameters and diagnostic tools to enhance its
accuracy and reliability.
Neutrophil lymphocyte ratio (NLR) has been advocated to
be increased in neonates in cases of inflammation and
infection.9 It is simple, cost effective and literature has shown

reliable results in diagnosing late onset sepsis when co-
related with culture specimen results retrieved later. We aim
to incorporate this useful parameter in our diagnostic protocol
by assessing its sensitivity and specificity in diagnosing late
onset neonatal sepsis in our NICUs.
METHODOLOGY:
This prospective observational study was carried out at the
Department of Pediatrics, Combined Military Hospital
Lahore from Feb 2024-July 2024 after approval from the
ethical review board vide letter no. 501/2024. The sample
size was calculated keeping the confidence interval at 95%,
margin of error at 5% with the population prevalence of
suspected neonatal sepsis in our demographic setup to be
29.5%. Minimum sample size according to WHO calculator
came out to be 320 patients. We included 320 patients in
the final study protocol.
Inclusion criteria included all in-hospital born neonates
presenting to the NICU from the ward or high dependency
unit suspected of late onset neonatal sepsis after 7 days of
birth
Exclusion criteria included all out of hospital born neonates,
those with congenital abnormalities, those suspected of
sepsis <7 days after birth, neonates already on broad spectrum
antibiotics and non-consent of parents or next of kins to be
included in the study.
The study method included all patients as per the inclusion
criteria furnished. After admission into the NICU for
suspected late neonatal sepsis, complete blood count, C-
reactive protein and blood cultures were sent before changing
or starting broad spectrum anti-biotic therapy. Neonates
were added into the protocol for suspicion of late onset
neonatal sepsis using the fetal inflammatory response
syndrome criteria (FIRS) standardized and proposed by
Haque1.11 This included clinical variables (Heart rate >180
or <100, resp rate >60, altered mental status, lethargy, glucose
intolerance with BSR >10 mmol/l and feeding intolerance),
hemodynamic variables of low blood pressure and systolic
pressure less than 65 mmHg, tissue perfusion variables
(capillary refill time >3 sec, plasma lactate >3 mmol/l) and
inflammatory variables (leukocytosis TLC >34, CRP>10,
low platelet count <100,000 and immature neutrophils in
the peripheral blood film). Presence of two or more of the
criteria were regarded as suspected neonatal sepsis as per
the study protocol. The differential leucocyte count, absolute
lymphocyte count (ALC) and absolute neutrophil count
(ANC) were obtained and NLR was calculated and recorded
at the time of admission in all subjects. The diagnostic
criteria and blood panel was endorsed by the resident
pediatrics on duty on a non-descript proforma unaware of
the study protocol and submitted at the end shift to the
consultant on duty. The patients were divided in the final
analysis into the suspected and confirmed neonatal sepsis
groups if the cultures were negative or positive respectively.
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The type of organism isolated was also recorded and
respective NLR recorded at the time of admission was then
co-related with the culture results and analyzed for sensitivity
and specificity in diagnosing late onset neonatal sepsis with
the cut-off value.
Primary variables observed were sensitivity and specificity
of the neutrophil lymphocyte ratio in diagnosing late onset
sepsis once co-related with the culture results. Maternal and
neonatal demographic variables were also recorded including
mode of delivery, fetal weight on admission and gestational
age at delivery. Demographic data were statistically described
in terms of mean and SD, frequencies, and percentages when
appropriate. Independent samples t-test was used to compare
statistically significant means. Median values were compared
using the Mann-Whitney U test. Chi-square test was used
to compare frequency variables. Cut-off value for NLR was
done using AUC (area under curve) using ROC (receiver
operating characteristics). A p value of 0.05 was considered
statistically significant. All statistical calculations were
performed using Statistical Package for Social Sciences 26.0
RESULTS:
A total of 320 were analyzed in the study protocol for
diagnosis of late neonatal sepsis. Once the report of culture
was received, they were assigned into the suspected culture
negative group (n=142) and confirmed culture positive group
(n=178). Mean age of patients in both groups was 14.862.46
days versus 14.962.46 days (p=0.704). Gender distribution
was 139 (78.1%) males and 39 (21.9%) females in the
suspected versus 96 (67.6%) males and 46 (32.4%) females
in the confirmed neonatal sepsis group (p=0.035). Gestational
age showed 151 (84.4%) patients as pre-term in the suspected
versus 127 (89.4%) in the confirmed group (p=0.225).
Weight at birth revealed normal birth weight in 54 (30.3%)
versus 07 (4.9%) patients, low birth weight in 81 (45.5%)
versus 85 (59.9%) patients, very low birth weight in 36
(20.2%) versus 40 (28.2%) patients and extremely low birth
weight in 07 (3.9%) and 10 (7.0%) patients in the suspected
versus confirmed neonatal sepsis group respectively
(p<0.001). Maternal parameters showed mode of delivery
to be vaginal in 15 (8.4%) patients versus 09 (6.3%) patients
and caesarian section in 163 (91.6%) versus 133 (93.7%)
patients (p=0.481) (Table-I).
Blood panel parameters showed mean absolute neutrophil
count to be 5928.19796.05/mm3 versus 7032.80166.02/mm3

between the suspected and confirmed patients’ groups
(p<0.001). Similarly, mean absolute lymphocyte count was
2745.32394.53/mm3 versus 3223.60278.90/mm3 between
both groups (p<0.001). Median value for NLR was 1.70
(1.00) versus 2.20 (1.00) between the suspected and
confirmed culture groups (p<0.001) (Table-II).
Assessment of receiver operating characteristics (ROC) for
NLR when compared with suspected and confirmed sepsis
showed area under the curve being 0.644 (CI=95%) with

sensitivity of 74.6%, specificity of 55.6%, positive predictive
value being 57.3% and negative predictive value being
73.3% (Table-III and IV).
DISCUSSION:
We aimed to carry out this study to find an easy, convenient,
and cost effective solution for diagnosing late neonatal
sepsis. Any blood marker or panel that is easily available
and helps to identify possible patients at the risk of developing
the condition would be helpful in our resource constrained
setup since it would allow only the patients at risk to
undergoing advanced blood panel and investigations.
Neonatal sepsis is characterized by a systemic inflammatory
response syndrome resulting from the introduction of specific
or suspected pathogens into the bloodstream and the
continuous generation of toxins, leading to pathological
inflammation and dysfunction of organ systems. Neutrophils
play a vital role in the innate immune response in sepsis by
releasing inflammatory cytokines, chemokines, and regulatory
cytokines, as well as by phagocytosing invading pathogens
and eliminating them through various antimicrobial peptides,
proteases, and oxidants.
The identification of neutrophil extracellular traps (NETs)
in recent times has revealed a novel mechanism in the
immune system's defense against pathogen invasion.
Nevertheless, the excessive production of inflammatory
cytokines and the formation of NETs contribute to heightened
inflammation and tissue injury. Our study found that the
second week of life was the time where majority of the
neonates were admitted with clinical suspicion of neonatal
sepsis. This is in line with studies carried out by
Mukopadhyay et al who also concluded the median age of
presentation to be the second week of life.12 There was a
pre-dominantly male pre-disposition in our study and needs
further studies to see whether gender is associated with an
increased risk of late onset neonatal sepsis. Our study found
that even though pre-term infants were more prone to develop
the disease, there was no statistically significant co-relation
once both groups of suspected and the confirmed neonatal
sepsis were compared. There was a significant co-relation
between the birth weight at presentation to develop neonatal
sepsis. Studies done by Kostlin et al and Pan et al concluded
very low birth weight to be associated with the highest
incidence of late onset neonatal sepsis,6,13 Similar findings
were concluded in our study with the age group being the
most severely affected. The higher incidence is attributed
to the increased chance of infection due to insertion of central
venous lines, arterial lines and lumbar punctures done for
diagnostic and therapeutic purposes. These chances are
especially increased in low resources centers where
disinfection and NICU care is hampered. Total and differential
leukocyte counts are commonly utilized as cost-effective
and readily accessible markers of the inflammatory response.
The Neutrophil-to-Lymphocyte Ratio (NLR) is indicative
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Mean Age (Days)
Gender
Male
Female
Gestational Age
Pre-Term
Term
Weight At Birth
Extremely Low Birth Weight (<1000 Gram)
Very Low Birth Weight (<1500 Grams)
Low Birth Weight (<2500 Grams)
Normal Birth Weight
Mode Of Delivery
Vaginal
Caesarian

14.86+2.46

139 (78.1%)
39 (21.9%)

151 (84.4%)
27 (15.2%)

07 (3.9%)
36 (20.2%)
81 (45.5%)
54 (30.3%)

15 (8.4%)
163 (91.6%)

14.96+2.46

96 (67.6%)
46 (32.4%)

127 (89.4%)
15 (10.6%)

10 (7.0%)
40 (28.2%)
85 (59.9%)
07 (4.9%)

09 (6.3%)
133 (93.7%)

0.704

0.035

0.225

<0.001

0.481

Variable
Suspected
Neonatal

Sepsis
(n=142)

P Value
Confirmed

After
Culture
(n=178)

Table-1: Demographic Characteristics (n=320)

Variable
Suspected
Neonatal

Sepsis
(n=142)

P Value
Confirmed

After
Culture
(n=178)

Mean Absolute Neutrophil Count (/MM3)
Mean Absolute Lymphocyte Count (/MM3)
Median NLR

5928.19+796.05
2745.32+394.53

1.70 (1.00)

7032.80+166.02
3223.60+278.90

2.20 (1.00)

<0.001
<0.001
<0.001

Table-2 Blood Panel Parameters between Both Groups (n=320)

Area

0.664

STD Error

0.030

Asymptotic Sig

0.000

Asymptotic 95% Confidence Interval
Lower Bound
0.604

Upper Bound
0.724

Table-3 AUC and ROC Characteristics (n=320)

Sensitivity
74.6%

Specificity
55.6%

Positive Predictive Value
57.3%

Negative Predictive Value
73.3%

Table-4 Sensitivity, Specificity, PPV and NPV of NLR for Late Onset Neonatal Sepsis (n=320)

of fluctuations in neutrophil and lymphocyte levels.
Numerous research endeavors have established the NLR as
a dependable tool for assessing inflammation and as a
prognostic indicator across various medical conditions such
as ischemic stroke, cerebral hemorrhage, major adverse
cardiac events, and solid tumors. In recent times, the NLR
has garnered significant interest as a novel risk factor that
holds promise for aiding in the diagnosis of sepsis. Sepsis,
characterized by heightened neutrophil counts and reduced
lymphocyte counts due to pathogenic microbial invasion,
is associated with elevated NLR levels in affected individuals.
Extensive epidemiological inquiries and meta-analyses have
provided evidence suggesting that NLR could serve as a

valuable predictive marker for sepsis, with patients exhibiting
elevated NLR levels facing an increased likelihood of an
unfavorable prognosis.
When talking about the co-relation of neutrophil lymphocyte
ratio (NLR) and diagnosing late onset neonatal sepsis, we
found a sensitivity of 74.6% and a specificity of 55.6%.
When assessing for a suitable cut-off value, we found that
a value of 2.05 was associated with the most suitable
sensitivity and minimum false positives. This was in-line
with findings in studies done by Sumitro et al and Bai et al.
Varal et al also concluded a cut-off value of 2.12 which was
in line with our findings as well.14-16 They concluded that
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neonates above the cut-off has twice the chance of being
diagnosed with the disease than the ones below it. Local
studies done by Naseer et al and Al Nady et al also found
NLR to be a good screening tool in resource constrained
setups to be utilized for suspicion in patients with specific
cut-off values in conjunction with the CRP values.17,18

The Neutrophil-to-Lymphocyte Ratio (NLR) is a prominent
biomarker in sepsis management, valued for its simplicity
and cost-effectiveness, but its utility is often compared to
other key biomarkers such as C-Reactive Protein (CRP),
Procalcitonin (PCT), and Lactate. NLR, reflecting the ratio
of neutrophils to lymphocytes in the blood, provides insight
into the balance between systemic inflammation and immune
response, with elevated levels indicating heightened
inflammatory activity and potentially worse outcomes.
However, CRP, an acute-phase protein produced in response
to inflammation, offers a more direct measure of systemic
inflammatory activity. Although CRP levels rise significantly
in sepsis and correlate with disease severity, it lacks specificity
as it can be elevated in various inflammatory conditions
beyond sepsis. Procalcitonin, a peptide precursor of calcitonin,
offers a more specific marker of bacterial infection,
distinguishing sepsis from non-bacterial inflammatory
processes. Elevated PCT levels are associated with more
severe infections and poorer outcomes, making it a valuable
tool for identifying bacterial sepsis, though it is typically
more expensive and less accessible compared to NLR.
Lactate, a marker of tissue hypoperfusion and metabolic
distress, is crucial in assessing the severity of sepsis and the
need for resuscitation. High lactate levels are closely linked
to increased mortality risk and provide direct insight into
the physiological impact of sepsis, unlike NLR which
primarily reflects inflammatory response rather than tissue
perfusion. In clinical practice, the combined use of NLR
with CRP, PCT, and lactate can offer a comprehensive
evaluation of sepsis, with each biomarker contributing unique
and complementary information. While NLR provides an
accessible and cost-effective measure of systemic
inflammation, CRP and PCT enhance diagnostic specificity,
and lactate offers critical insights into tissue perfusion and
severity. Integrating these biomarkers can improve diagnostic
accuracy and guide more effective management strategies
for sepsis.
The neutrophil-to-lymphocyte ratio (NLR) is emerging as
a valuable biomarker for diagnosing neonatal sepsis, often
outperforming traditional markers like C-reactive protein
(CRP) and neutrophil counts alone. NLR offers a pooled
sensitivity of 79% and specificity of 91% for sepsis diagnosis,
indicating its reliability. While CRP has been shown to have
a maximum sensitivity and specificity of 84.3% and 46.1%
for sepsis, its takes longer to elevate, while NLR can rise
rapidly following infection, allowing for earlier detection.
Combining NLR with CRP enhances diagnostic accuracy,
making it a promising tool in clinical settings. The neutrophil-

to-lymphocyte ratio (NLR) is increasingly recognized as a
potential biomarker for neonatal sepsis due to its ability to
reflect the balance between the innate and adaptive immune
responses. Despite its promise, the use of NLR in clinical
settings is hindered by several drawbacks. One significant
limitation is that NLR is often measured at a single time
point, which may not capture the dynamic nature of sepsis
progression.19 This static assessment can lead to
misinterpretation of a patient's condition, particularly in
cases where the clinical status may change rapidly.
Additionally, many studies investigating NLR are cross-
sectional, which restricts their ability to predict future
outcomes and may introduce biases that affect the reliability
of the findings.20 Furthermore, the diagnostic accuracy of
NLR can be questioned since its association with sepsis is
frequently based on clinical features rather than confirmed
blood cultures. This reliance on clinical diagnosis can lead
to overdiagnosis or underdiagnosis of sepsis, especially in
neonates where symptoms may be subtle. Another challenge
is the variability in the cut-off values for NLR across different
studies, which complicates the standardization of its use in
clinical practice. This inconsistency can lead to confusion
among healthcare providers regarding what constitutes a
clinically significant NLR, ultimately affecting decision-
making in the management of neonatal sepsis.
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ABSTRACT
Objectives: The objective of this study is to analyze Cesarean section trends using the Robson classification system and
identify the cause of cesarean section in each group, in a tertiary care hospital located in Karachi, Pakistan.
Study Design and Settings: This cross-sectional study was conducted in the obstetric department of Creek General Hospital
Karachi, from 1 Jan 2021 to 31 Dec 2022.
Methodology: Data collection utilized a non-probability consecutive sampling method. This study examined the
sociodemographic characteristics, indications for cesarean section, and the Robson classification system in the women who
underwent cesarean section in the hospital during specified duration. Inclusion criteria of study were all women who
underwent for C-section procedure during the study timeline. Data was analyzed using IBM SPSS Statistics version 26.
The study adhered to the Helsinki Declaration and ethical approval.
Results: The Robson classification system was analyzed in this study, and group 5 was shown to be the primary contributor
followed by group 2 and then group 1. Most frequently noted indication was previous CS (43.2%), followed by non-progress
of labor (15.1%), and fetal distress (11.6%).
Conclusion: Cesarean section rate can be reduced by encouraging vaginal birth after cesarean section in multiparous
women who had one cesarean section, under supervision of senior obstetrician. Meanwhile, the Non-progress of labor can
be targeted by improving antenatal and intrapartum care, birth preparation classes and presence of companion during labor.
Through CTG interpretation and their standardized management protocols will be effective in preventing and curbing the
rising cesarean rate due to fetal distress
Keywords:  Cesarean Section, Delivery, Pregnancy, Robson.
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INTRODUCTION:
A Cesarean section (C-section/CS) is a surgical obstetric
procedure employed to assist delivery of the baby, an incision
is made on the mother's abdomen and uterus, this procedure
is usually recommended in pregnancies where vaginal deliver
(VD) can pose a significant threat to the mother, fetus or
both. VD may be complicated by prolonged or obstructed
labor, fetal distress, elevated blood pressure or glucose,
multiple pregnancies, or abnormal position/presentation of
the fetus. 1

C-section has been a mode of delivery for decades (i.e.
dating back to 1500, when the first successful C-section was
performed in Switzerland) in either emergency or planned
setting. This procedure significantly reduces maternal and
neonatal morbidity and mortality, although C-section has
profound benefits it may be detrimental if practiced
unreasonably. 2

In recent times, there has been an escalating trend in the
unnecessary pratice of C-sections, with an alarming annual
increase of 4% globally.3 This trend is particularly pronounced
in South Asia, where a significant upsurge in deliveries via
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C-section has been observed, rising from a rate of 3.2% in
1990 to a 20% in 2018. Similarly, Pakistan ranks third in
the South Asian nation for the high incidence of cesarean
section rate, which stood at 19.9% during the period from
2017 to 2018. 3,4

Numerous non-medical indications of unnecessary C-section
have been outlined in previous literature, which include:
maternal request due to presumed anxiety and pain from
VD, wanting to deliver the baby on a specific day, physician's
bias or ease and associated financial incentives. 5 Furthermore,
recent studies have also found that C-section rates were
generally higher in private institutes as compared to public
institutes. 6 The rate of cesarean section are also influenced
by sociocultural background, as the practice of C-section is
discouraged in some societies. 5

According to the World Health Organization (WHO), a
nationwide C-section rate exceeding 10% does not effectively
reduce perinatal and maternal morbidity and mortality.
Undue reliance on C-sections can lead to adverse outcomes
for the mother and the fetus, including prolonged maternal
recovery periods, the need for blood transfusions,
hysterectomies, neonatal intensive care admissions, and,
tragically, maternal and neonatal mortality. 2,7,8 This trend
has a significant impact on healthcare systems and economies,
with an estimated 6.2 billion unnecessary C-sections
performed globally each year, totaling to US$ 2.3 billion
spent annually. 9

In-order to establish an effective regulatory system and
reduce the rate of unnecessary C-sections, it is imperative
to identify and distinguish the group of women who are
undergoing these procedures unnecessarily. To address this
concern, the Robson classification tool was introduced in
2001. This tool stratifies and monitors rates of unnecessary
C-sections based on easily obtainable obstetric parameters
including: parity, previous C-sections, gestational age, onset
of labor, fetal presentation, and the number of fetuses, hence,
the Robson classifications was adopted by the World Health
Organization (WHO) in 2015 as a global standard for
effectively monitoring unnecessary C-section rates in hospital
settings. 6,10

Robson's Ten-Group Classification allows detailed analysis,
based on individual characteristics. That includes factors
such as; single/multiple pregnancies, nulliparous/multiparous
status, presentation of the fetus, type of labor, and
term/preterm status. The Robson classification, divides
women into 10 groups accordingly. 11 Studies report cesarean
section frequencies of 30% in primigravidas and 70% in
multigravidas, with specific distribution percentages across
the Robson groups. Group 5 and Group 2 contribute most
to the total cesarean section rate. While smaller groups have
higher cesarean rates, their overall impact is minimal. 12

C-section performed without any medical indication exposes
the mother and the baby to short-term and long-term risks.

Hence, the Robson classification is a standardized method
to analyze C-section rate. This study aims to determine
cesarean section rates at a tertiary care hospital in Karachi
using the Robson classification. Allowing us to analyze the
distribution of C-sections across different Robson groups,
to identify high-risk populations, and detect the primary
reason for cesarean section within each group.
This research will compare local cesarean section rates with
national and international benchmarks, exploring the
association between maternal, sociodemographic factors
and cesarean section rates. Enabling us to assess the impact
of maternal and fetal complications on cesarean section
rates, and ultimately identify potential areas for intervention
to reduce unnecessary C-sections.
METHODOLOGY:
This was cross-sectional study conducted in the Gynecology
and Obstetrics department of Creek General Hospital, Karachi
from 1st Jan 2021 to 31st Dec 2022. The samplig technique
used in this study was non-probability consecutive sampling
method. The sample size of the study calculated was 500,
calculated through Rao software.  The Inclusion criterion
of the study was all women who underwent for Ceaserian
section procedure in between the study timeline. Exclusion
criteria include all those women who went under normal
labour. All women who were involved in the study were
taken informed consent to maintain the ethical grounds. The
data was collected through well-structured questionnaire
that was design and critically evaluated by the help of team
of researchers, statisticians and OBGYN doctors.  This study
got ethical approval from the Institutional Review Board
(IRB) of United Medical and Dental College,
(UMDC/Ethics/2019/28/10/262) and the study was conducted
in accordance with the Helsinki Declaration24.
Every woman enrolled in the hospital, her maternal history,
socio-demographic data, symptomatology, clinical
examination, management, outcomes, pregnancy-related
information (gestational age, fetal presentation, number of
fetus and onset of labor) and maternal and fetal outcomes
(complications, APGAR score at five minutes, birth weight)
were recorded on a predesigned proforma. The Robson tool
incorporated six predefined obstetric variables in pregnant
women: parity (categorized as nulliparous or multiparous),
cesarean section history, type of onset of labor (spontaneous,
induced, or pre-labor cesarean section), fetal count (singleton
or multiple gestations), gestational age (stratified into preterm
and term), and fetal presentation and lie (comprising cephalic,
breech, or transverse positions). It classified pregnancies
admitted for labor into one of ten distinctive categories.
Data analysis was conducted using IBM SPSS Statistics
version 26, Continuous variables were presented as means
with the confidence interval of 95%, while categorical
variables were reported as frequencies and percentages
through figures and tables. Statistical analysis included the

Page-22JBUMDC 2025;15(1):21-28

Analyzing trends in Cesarean Section by Action Oriented Classification (Robson Criteria) at Creek General Hospital, Karachi



utilization of the chi-square test, to show the relation between
independent and dependent variables with the p-value of
less than 0.005 was considered significant.
RESULTS:
During the study interval, a total of 500 cesarean deliveries
occurred. Overall, mean age was 26.6±4.4 years while most

of the women, 53.6% were between 18-26 years of age.
Majority of the women were nulliparous or with one parity,
66.3% women were delivered between gestational age 37-
42 weeks.
The Robson classification showed that group 5 (Previous
cesarean section, singleton, cephalic, =37 weeks’ gestation)

Robson
Classification

Description of Robson's Ten group
classification Frequency Percentage

1

2

3

4

5

6

7

8

9

10

Total

88

90

23

9

191

34

12

7

1

45

500

17.6

18

4.6

1.8

38.2

6.8

2.4

1.4

0.2

9

100

Nulliparous, single cephalic, =37 weeks, in spontaneous labour.

Nulliparous, single cephalic, =37 weeks, induced or caesarean section
(CS) before labour.
Multiparous (excluding previous CS), single cephalic, =37 weeks, in
spontaneous labour.

Multiparous (excluding previous CS), single cephalic, >37 weeks, induced
or CS before labour.

Previous CS, single cephalic, = 37 weeks

All nulliparous breeches

All multiparous breeches

All multiple pregnancies (including previous CS).

All abnormal lies (including previous CS).

All single cephalic, <37 weeks(including previous CS)

Table 1: Distribution of C-section according to Robson's Ten group classification system

1
(n=88)

0
50

33.3
0

64.3
2.1
0

5.6
0

57.9
0
0
0
0

17.6

2
(n=90)

50
10

66.7
88.9
14.3
2.1
66.7
38.9
82.4
22.4
25
100
0
0
18

3
(n=23)

0
10
0
0

12.5
0
0

11.1
0

15.8
25
0
0
0

4.6

4
(n=9)

0
0
0

8.3
0
0
0

16.7
5.9
0
50
0
0
0

1.8

5
(n=191)

0
0
0
0

1.8
0
0
0
0

2.6
0
0

86.2
16.7
38.2

6
(n=34)

0
0
0
0
0

72.3
0
0
0
0
0
0
0
0

6.8

7
(n=12)

0
0
0
0
0

19.1
0
0
0
0
0
0

1.4
0

2.4

8
(n=7)

0
0
0
0
0
0
0
0
0
0
0
0

0.9
83.3
1.4

9
(n=1)

0
0
0
0
0
0
0
0
0
0
0
0

0.5
0

0.2

10
(n=45)

50
30
0

2.8
7.1
4.3
33.3
27.8
11.8
1.3
0
0

11.1
0
9

Anhydroamnios
APH
CPD
Failed IoL
Fetal Distress
Fetal Mal-presentation
Hypertensive Disorder of Pregnancy
IUGR
Maternal Wish
NPOL
Placenta Previa
Precious pregnancy
Previous Caesarean Section
Twins
Total

Robson

Indication

P-Value

0.001

Table2 : Count and persentages according to indications of robsons ten group classification system.
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Table 3: frequency of confounders according to indications of robsons ten group classification system

Age Group

Parity Group

Baby Gender

Baby Weight Group

P-Value

0.001

0.001

0.001

0.001

0.001

Robson

Confounder 1
(n=88)
24.5
9.5
22.9
1.6
0

7.1
22.8
17.7
17.9

0
11.8
19.4

0

2
(n=90)
23.4
12.1
24.8

0
0

11.3
21.6
17.3
19.7

0
19.1
18.1

0

3
(n=23)

2.2
7.3
3.8
6.4
16.7
4.2
4.8
5.1
4.1
0

3.6
4.7
25

4
(n=9)
0.7
3

1.4
2.4
16.7
2.4
1.5
1.8
1.8
0

2.7
1.6
0

5
(n=191)

27.1
50.9
28.1
69.6
16.7
38.1
38.1
38.6
38.1
16.7
31.8
40.1
25

6
(n=34)

9.3
3.9
9
0
0

4.8
7.8
7.9
5.5
0

4.5
7.5
0

7
(n=12)

1.5
3.4
1.6
3.2
33.3

3
2.1
2.2
2.8
0

2.7
1.8
50

8
(n=7)
1.5
1.3
0.8
3.2
0

2.4
0.9
0.7
0

83.3
3.6
0.8
0

9
(n=1)

0
0.4
0

0.8
0
0

0.3
0

0.5
0

0.9
0
0

10
(n=45)

9.7
8.2
7.6
12.8
16.7
26.8

0
8.7
9.6
0

19.1
6.2
0

18-26 (n= 269)
> 26 (n= 232)
0-1 (n= 367)

2 - 4 (n= 125)
> 4 (n= 6)

26-37 (n= 168)
> 37 (n= 333)
Boy (n= 277)
Girl (n= 218)
Twins (n= 6)

1-2.5 (n= 110)
2.6-4 (n= 387)

> 4 (n= 4)

Presenting Complaints
Group

Breech
CPD
Failed IOL
Fetal Distress
GDM
Impending scar dehiscence
IUGR
Maternal Wish
NPOL
PIH
Placenta Previa
Poor Bishop
Post Dates
Post Term
Precious Pregnancy
Prom
Rupture Uterus
Severe Preeclampsia
Short inter pregnancy interval
Twins
Grand Total
(blank)
Total

Sub Groups of C-section
with previous scar

Previous
Caesarean
Section 1

Previous
Caesarean
Section 2

Previous
Caesarean
Section 3

Previous
Caesarean
Section 4

Grand Total

%
2.30
0.92
1.38
4.15
0.46

38.71
1.38
3.69
5.99
0.46
0.92
0.92
2.30
1.38
0.92
1.84
0.46
0.46
0.46
0.92

70.05
29.95

100

Count
5
2
3
9
1
84
3
8
13
1
2
2
5
3
2
4
1
1
1
2

152
65
217

Count

1
1

%

100
100

Count

7

1

1

9
12
21

%

33.33

4.76

4.76

42.86
57.14
100

Count

2

37
2

1
42
31
73

%

2.74

50.68
2.74

1.37
57.53
42.47
100

Count
5
2
3
7
1
40
1
8
13
1
2
2
5
3
2
3
1

1
1

101
21
122

%
4.10
1.64
2.46
5.74
0.82
32.79
0.82
6.56
10.66
0.82
1.64
1.64
4.10
2.46
1.64
2.46
0.82
0.00
0.82
0.82
82.79
17.21
100

Table 4: Sub Groups of C-section with previous scar and grand total

was the highest contributor to the overall CS rate, contributing
43.2% of all CS. Group 2 (Nulliparous, single cephalic, =37
weeks, induced or CS before labor) was the second highest
contributor, contributing 15.1% to the overall CS. The third

highest contributors were group 1 (Nulliparous, single
cephalic, =37 weeks, spontaneous labor) contributing 11.6%
to the overall CS rate. The least contributor to the overall
CS rate was group 9 (All women with a single pregnancy
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73, (34%)

21, (10%) 1, (0.5%)

122, (56%)

Previous Caesarean Section 1

Previous Caesarean Section 3 Previous Caesarean Section 4

Previous Caesarean Section 2

Figure 1: Sub Groups of C-section with previous scar and grand
total

in transverse or oblique lie (including those with previous
cesarean section)), contributing 0.2 % of all CS.
The most frequent indication for C-section was previous C-
section followed by non-progress of labor and fetal distress.
The pie graph shows that 56% of patients were with previous
one C-section among scarred uterus, 34% were with previous
two C-section, 10 % were made through previous three C-
section and 0.5 % was from previous four caesarean section
showing the distribution of births among women who had
varied numbers of C-section prior.
The table shows that the p-value of confounder age, parity,
presenting complaints, baby gender and baby weight with
respect to Robson classification are less than 0.05 indicating
significant relationship between the mentioned confounding
variables and the Robson classification. This could imply
that these confounding variables influence or are linked to
the result that the Robson categorization represents.
The P-value of Robson classification with respect to
indication is less than 0.05, indicating significant relation
and conclude that indications are associated with or has an
impact on the Robson classification.
DISCUSSION:
Cesarean section rates have been increasing gradually. This
escalating prevalence of cesarean section (CS) in Pakistan
and worldwide has emerged as a critical focus in
contemporary maternal healthcare research. The upward
trajectory of CS deliveries raises critical questions regarding
its drivers and potential consequences, since, unnecessary
C-section can lead to negative health consequences for
mothers; these include hemorrhage, infection, shock, and
uterine rupture. As for Children born via CS have a higher
incidence of developing obesity, asthma, allergies, and non-
communicable diseases (NCDs).
Our study aimed to implement the Robson classification
system in-order to identify major contributing groups to the

overall CS rates at our institute. Along with identifying the
prevalence of CS rates in each group, we also assessed the
primary indications for CS within these groups and proposed
potential strategies for optimizing CS rates.
During the study period, a total of 500 cesarean deliveries
were recorded. According to the data we collected, the
Robson group 1, group 2, and group 5 accounted for the
majority of the C-section conducted at the institute, together
representing approximately 70% of the total C-section rate.
With group 5 being the predominant contributor, followed
by group 2 and group 1.
These groups are characterized by; nulliparous women with
spontaneous or induced labor, and multiparous women with
previous C-sections. These groups have consistently been
identified as high-risk populations, hence, the results we
obtained were in accordance with the studies conducted by
Roberge S et al. in Quebec, Canada, and Robson M et al.
in Ireland. 13,14 Similarly, Tahir N et al. reported that group
5 was the most frequently noted indication for CS, followed
by groups 2 and 1, in a tertiary care hospital in Abbottabad,
Pakistan. 15 In an audit conducted in a tertiary care hospital
in Rawalpindi by Ansari et al., group 5 made the maximum
contribution to the overall CS rate, followed by group 2. 16

In contrast to our findings, Fatima S.S. et al. observed Group
1 to be the second most common group following group 5
in a cross-sectional study conducted at a tertiary care hospital
in the capital city of KPK Province, Pakistan. 17 H. O. Tontus,
in his report, conducted in Turkey also found Group 1 to be
the second most common group contributing to overall CS
rates. 18 Gilani S, in a retrospective study conducted at the
Pakistan Institute of Medical Sciences, Islamabad, Pakistan,
reported group 5 to be the major contributor to the overall
CS rate followed by groups 1 and 2 with almost equal
contributions. However, according to her report, group 9
made the least contribution to the overall CS rate, which is
in agreement with our results. 19

Since our study found that Robson group 1, group 2, and
group 5 were the primary contributors, it was crucial to
investigate the underlying factors contributing to the rates
of cesarean section at our institute. Hence, our analysis
revealed that previous cesarean delivery, non-progression
of labor, and fetal distress were the most commonly
mentioned causes for surgical intervention in these groups.
These findings align with previous literature, for instance,
Abdo et al. found that Group 1 and Group 5 were major
contributors towards CS rates, the reasons behind their
contributions were; fetal compromise and previous cesarean
delivery. 20 Similarly, Khan et al. concluded that majority of
CS rates are driven by the role of previous cesarean delivery
and poor labor progress in driving cesarean section rates,
further validating our findings. 21 These studies collectively
highlight the complex interplay of factors that often
necessitate cesarean section in these specific patient
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populations.
Through this study we have determined that, all multiparous
women with previous CS must be encouraged to have vaginal
birth after cesarean section (VBAC) and should undergo a
trial of labor (TOL) in the presence of a senior obstetrician.
Robson, M. et al state that a higher percentage of women
in Group 5 reflects a high CS rate in past years, specifically
in Groups 1 and 2 (both containing nulliparous women).
Therefore, to reduce the percentage of multiparous women
requiring CS due to previous CS (Group 5), the rate of CS
must be reduced in nulliparous women (i.e., Groups 1 and
2). 22

This highlights that the key to lowering overall CS rates is
to decrease the number of primary CS procedures. In addition
to previous CS, our study reported non-progress of labor
(NPOL) as the second most common indication contributing
to the overall CS rate and as the most common indication
for CS in nulliparous women. Antenatal consultations
regarding weight gain during pregnancy and smoking may
also be helpful. Birth preparation classes and guidelines
should be provided to reduce anxiety and fear of delivery
and childcare. At the time of labor, the presence of a birthing
companion should be facilitated, and the environment should
be arranged according to the mother's request to make labor
more comfortable for her. However, if interventions are
needed, they should be performed according to the guidelines
to facilitate vaginal delivery, ensuring the safety of both the
mother and the fetus. 23 The right to vaginal delivery should
be discussed, and an agenda should be created. Mothers are
the only person to decide the mode of delivery. However,
they should be counseled about the pros and cons of CS and
encouraged for vaginal delivery, as a maternal wish for CS
is also an indication for CS, especially in group 2.
Induction of labor (IOL) should only be performed if
necessary, and decisions and procedures should be made by
an experienced obstetrician, as failed inductions also lead
to unwanted CS. Despite clear protocols and instructions
for external cephalic version (ECV), offering ECV is often
met with hesitation. Meanwhile, the surgical alternative
remains readily available for cases involving breech
presentation during labor. This reluctance could be due to
insufficient training and experience in managing vaginal
breech deliveries. 24 Residents should be trained to perform
vaginal breech deliveries and ECV to successfully deliver
breech babies vaginally. Almost four-fifths of women who
underwent successful ECV gave birth vaginally. 25

This study was conducted at Creek General Hospital in
Karachi, Pakistan, which is a tertiary care hospital. The
study was aimed to identify factors contributing to increasing
cesarean section rates in Pakistan, while providing valuable
insights, our study had several limitations. It was a single-
center designed study which restricted the generalizability
of findings among other healthcare settings and institutes

nationally. Secondly, the time period during which the study
was conducted could not be used to capture long-term trends
or variations in cesarean section rates. Lastly, determining
the practice of "unnecessary" C-sections can be subjective
and may vary among healthcare providers. Confounding
factors, such as maternal age, parity, socioeconomic status,
and underlying medical conditions, were not adequately
controlled for, potentially influencing the observed cesarean
section rates.
Therefore, in-order to enhance the robustness of future
studies on similar subject, following recommendations are
made; employing a larger sample size by incorporating a
multicenter design, and utilizing standardized criteria for
determining "unnecessary" C-sections. The future studies
must explore the relation between the C-section rates among
private and public institutes in Pakistan in-order to determine
whether the rate of C-sections among these institutes is
variable or not.
By including these changes into the study the authors can
help improve the generalizability and reliability of the
findings. Additionally, to avoid two of the most profound
biases; observer’s bias and socioeconomic bias, the
researchers must employ blind data collection and must
obtain detailed socioeconomic history of all the patients.
They must also use of statistical techniques to control for
confounding variables and prolonging the study period to
capture long-term trends, this would contribute to a more
comprehensive understanding of cesarean section rates and
their underlying factors.
CONCLUSION:
The rising prevalence of CS rates is a major public health
concern, and interventions should be devised and
implemented to counter this phenomenon. Hence, the
healthcare workers can play a significant role in optimizing
CS rates i.e. by influencing the decision to undergo the CS.
Even though financial incentives can create conflict of
interest and may hinder the details disclosed by the healthcare
provider, to prevent this, public health education must be
employed to provide detailed information about the short-
term risks and long-term risks and benefits of CS to delivering
mothers in-order to promote rational decision making.
Furthermore, to reduce cesarean section rates, interventions
should be targeted at the groups identified as high
contributors. Consistent use of the Robson classification for
CS audit in Ob/Gyn departments throughout Pakistan can
help identify these groups and guide targeted interventions
such as: improving the management of spontaneous and
induced labor, strengthening clinical practice around
encouraging vaginal birth after cesarean, and promoting
active management of labor. These interventions can
potentially reduce the need for cesarean section.
Although the practice of VBAC and ECV is considered to
be outdated, the obstetricians and midwives should be
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thoroughly trained to perform these procedures to successfully
manage fetus malpresentation to successfully deliver breech
babies vaginally. Through this approach the CS rates in
Robson group 5, 6, 7, and 8. Induction of labor should only
be decided after accurate calculation of gestational age and
indication where delivering the fetus will be more beneficial
than continuation of pregnancy. Standardized fetal heart rate
interpretations on CTG and their standardized management
protocols will be effective in preventing and curbing the
rising cesarean rate due to fetal distress in groups 1, 2,3 and
4. For groups 9 and 10, the effective fetal monitoring and
specialized care by experienced obstetrician can lead to a
decline in CS rate
Non-progress of labor (NPOL) is also a common indication
for CS in nulliparous women. Hence, to improve CS rates
in this group antenatal care should be improved, birth
preparation classes to be arranged, implementing midwife-
led care, and involving spouse during labor can contribute
to better outcomes and potentially lower cesarean section
rates.
Regular audits and external reviews can help monitor CS
rates. By assessing CS rates and identifying areas of
improvement, healthcare facilities can work to reduce
unnecessary CS procedures and ensure that surgeries are
performed only when medically necessary.
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ABSTRACT:
Objective: To evaluate the efficacy of radial head replacement in Mason Type III and IV radial head fracture. To evaluate
the clinical outcomes of patients who received radial head replacement implant.
Study design & setting: This is a cross-sectional, analytical study, conducted in the Orthopedic Department of Doctor’s
Hospital Kharian.
Methodology: Study was conducted from 15th April 2023 to 15th February 2024, Stability was assessed, radial head
replacement was performed, and bone fragments were extracted during surgery. Radiographic evaluations were carried
out to confirm the diagnosis at presentation, to determine the surgical outcome post-procedure, and during follow-up. SPSS-
22 was used for data entry and statistical analysis, Cross-tabulation and chi-square test was performed, P-value of < 0.05
was considered significant.
Results: The research comprised 70 patients, whose average age was 38.5 ± 9.4 years. Upon presentation, their mean
hemoglobin level was 12.1 ± 1.5 mg/d. The mean time of the operation was recorded as 68.5 ± 18.9 minutes, with a
minimum of 45 minutes and a maximum of 100 minutes. The frequency of the Mayo elbow performance score was
determined using pre-validated categories: >90 for outstanding performance, 89–75 for good performance, 74–60 for fair
performance, and <60 for bad performance, the study participants were divided into 38 (54.2%), 18 (25.7%), 10 (14.2%),
and 4 (5.7%) groups, respectively.
Conclusion: Redo surgery and rate of infection are greater in patients who underwent surgery after 24 hours of injury as
compared to patients who were operated within 24 hours.
Keywords: Implant of radial head, Mason III, Mason IV, Orthopedic surgery, Radial Head fracture
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inadequate management and/or joint dysfunction.2  Elbow
dislocation is associated with 10% of radial head fractures
and makes it more challenging to deal with,3 and is also a
poor prognostic factor in terms of patient outcome.
In 1954, Mason established a predictive tool for the
classification of radial head fractures that has been used as
a gold standard for many years.4 In 1962, Johnston rephrased
four forms of radial head fractures,5 namely, Type I - <2mm
displacement, Type II ->2 mm displacement, Type III –
Comminuted, and Type IV -Associated proximal radial
dislocation, and now the classification is also known as
Mason-Johnston Classification.
Mason Types I and II are likely to be dealt with conservative
management or ORIF (screws) respectively.6 Type II with
bigger displacement may require radial head replacement,
while types III and IV are complex and more challenging
to deal with owing to the communited fragments causing
collateral soft tissue damage and ligamentous loss that sways
the limb toward instability. Literature states proximal
migration of radius and longitudinal instability, decline grip
strength, and ulnar neuropathy. The management of these
two types is a thought for debate and causes a battle between
two schools of thought, one favoring ORIF while others
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INTRODUCTION:
Radial head fractures constitute 4% of all reported fractures
while a whopping 33% of elbow fractures are reported
worldwide.1 They most commonly present with pain of the
affected side, elbow swelling, mild restriction of mobility,
tenderness, and stiffness. This benign-looking presentation
is deceptive to the surgeon who can render this fracture as
a simple or uncomplicated elbow fracture, leading to
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incline toward reconstruction of the native radial head. Both
these procedures pose a risk of complications postoperatively
in terms of limb deformity.7 The primary aim is to preserve
the integrity of the Medial Collateral Ligament (MCL) as
it is the prime contributor to joint stability.
In surgically difficult radial head fractures, radial head
replacement serves as an option for acute management.
Different prostheses have been developed to perform this
surgery, which is diverse in geometry, design, and options
for fixation. Loosening of this radial head can cause
paresthesia, pain, stiffness, or expansion of the radial neck.
8 The radial head is an important adjunct for the provision
of the valgus.
Auxiliary arthroplasty can provide further stability in case
of radial head fractures associated with other lacerations.
Non-union, osteoarthritis, and other situations also warrant
the need for an auxiliary prosthesis. Prosthesis failure and
rejection are documented in numerous literature, but the
cause of failure and prognosis of redo surgery are not
identified to date.9  The incidence of radial head fractures is
highest in the younger population with a mean age of 43 at
the time of injury which is heavily dependent on the mobility
of the elbow. The rate of redo surgery has been documented
up to 15% at 2 years. Lack of evidence limits our
understanding regarding common causes of adjustment
following radial head fractures and relevant management
options. When radial head fractures are the result of high-
energy traumatic processes, they may be linked to other
injuries that are clinically significant. When assessing radial
head fractures, ligament disruption and related elbow
fractures—particularly coronoid fractures—must be taken
into account. The degree of soft tissue damage, related
fractures, and bone involvement all play a role in determining
how best to treat these complicated injuries.10

Our study aims to evaluate the efficacy of radial head
replacement in Mason Type III and IV radial head fracture,
clinical outcomes of patients who received this implant, by
MAYO scoring scale, causes of failure and need and type
of redo surgery at tertiary care hospital of Pakistan.
METHODOLOGY:
This is a cross-sectional, analytical study, conducted in the
orthopedic department of the Doctor’s Hospital Kharian,
data was collected after getting prior approval from the
Institutional Review Board (IRB# 09-24). Data collection
was started from 15th April 2023 till 15th February 2024,
Radial head fractures were classified as per the Mason
classification system modified by Johnston, and only Mason
type III and IV fractures were included. Informed consent
in the language of understanding was obtained before
enrollment.
Upon radiological assessment, patients with minimally
displaced fractures (Mason type I) and >2mm fractures
(Mason type II) were excluded from the study. Only severely

comminuted fractures (Mason Type III and IV) were included
along with associated injuries.
Sample size was calculated with the help of another published
study conducted on Pakistani population, reporting results
of 105 patients from tertiary care hospital, Hayatabad,
Peshawar. The population quantity was kept same (n=105)
in WHO sample size calculator, keeping confidence level
of 95%, margin of error as 5%. the estimated minimum
smaple size was 70.
Demographic details, site of the fracture, and presence of
any additional injury. Pre-operative hemoglobin, date of
surgery, duration of surgery, and intra-operative
complications, post-operative pain VAS score, complications,
hospital stay, reported success or failure of surgery and,
post-operative hemoglobin levels were documented.
The main useful score for assessing elbow function, including
elbow stiffness, is the Mayo Elbow Performance Index
(MEPI). For patients, the most frequent challenge is a variety
of movements (ROM, flexion-extension). Numerous research
has supported the Mayo score, which is among the best for
identifying the physiological activities of the elbow.12 This
score falls under one of the four main categories of elbow
performance: function, motion, stability, and pain. The
distribution of points is dependent on the degree of pain,
motion in the arc degree, stability points, and day-to-day
functioning. For instance, the pain function has 45 points,
the motion function has 20, the stability function has 10,
and the function has 25 points for flawless performance.
After finishing, the total number of points represents elbow
performance. The outcomes are divided into four categories:
Achieving a score of >90 indicates excellent performance,
89-75 indicates good performance, 74-60 indicates acceptable
performance, and <60 indicates bad performance overall.
For this process, the Kochers technique was employed.
Stability was assessed, radial head replacement was
performed, and bone fragments were extracted during surgery.
Soft tissue was rebuilt or healed as needed, and the incision
was bandaged in layers. An aggressive rehabilitation regimen
was undertaken when the patient was pain-free or under
excellent analgesia.
Patients were asked to attend a medical facility every 30
days for four months after being released from the hospital.
Patients were questioned about their generalized daily
activities, issues they were having with the afflicted arm,
any discomfort they were experiencing, and any other clinical
signs they had noticed. Re-do the procedure if the first
attempt failed.
Radiographic evaluations were carried out to confirm the
diagnosis at presentation, to determine the surgical outcome
post-procedure, and during follow-up. X-rays were employed
as a radiological method. Statistical package of social science
version 22 was used for data entry and statistical analysis,
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for independent variables frequencies and percentages were
analyzed. Mean ± standard deviation was used to report
descriptive data such as age, hemoglobin values, hospital
stay in days, and duration of surgery in minutes. Cross-
tabulation was performed to assess the correlation between
the two variables, chi-square test was performed to check
the significance of the data. The P-value of < 0.05 was
considered significant.
RESULTS:
The research comprised 70 patients, whose average age was
38.5 ± 9.4 years. Upon presentation, their mean hemoglobin
level was 12.1 ± 1.5 mg/d. The mean time of the operation
was recorded as 68.5 ± 18.9 minutes, with a minimum of
45 minutes and a maximum of 100 minutes. A hospital stay
of 2.7 ± 1.3 days was average. The post-operative hemoglobin
(HB) value was 10.4 ± 1.3, and the mean hemoglobin decline
was 1.2 ± 0.8. After calculating the mean time between
injury-related presentations and surgical procedures, the
result showed 2.1 ± 1.0 days, with a minimum of 1 day and
a high of 4 days between breaches. To evaluate the impact
of treatment, the time interval between the diagnosis and
radial head replacement was analyzed. The results showed
that 59 (84.2%) had surgery within 2 days of presentation,
7 (10%) had to wait 3 days before surgery, and only 4 (5.7%)
had to wait 4 days, redo surgery was needed in 7 (10%)
patients with delayed presentation. The p-value was reported
as significant and 0.004. (Table 1)

The frequency of the Mayo elbow performance score was
determined using pre-validated categories: >90 for
outstanding performance, 89–75 for good performance,
74–60 for fair performance, and <60 for bad performance.
Within the aforementioned categories, the study participants
were divided into 38 (54.2%), 18 (25.7%), 10 (14.2%), and
4 (5.7%) groups, respectively.
DISCUSSION:
Management of radial head fractures has advanced in the
past decade. A rise in reported cases and late diagnosis are
extra challenges of radial head fracture. As most of the time
the RHF is supplemented with collateral elbow injuries,
restoration of mobility, strength, and function of the arm is
a prime priority. Mason type I fracture comprises minimally
displaced fractures of less than 2 mm of displacement and
no mechanical block to forearm rotation and can be managed
conservatively. Mason II poses some mechanical block to
forearm rotation with intra-articular displacement > 2 mm
and needs Open Reduction and Internal Fixation (ORIF) for
optimum results, but with displacement > 3 fragments and
marked communication, radial head replacement provides
the ideal management option. Mason III and IV are surgically
managed by Radial Head Replacement, with the main target
to achieve practical elbow mobility along with stability with
minimal complications, and since these targets cannot be
achieved by ORIF alone, radial head replacement becomes

Surgery
after 4 days

4 (5.7%)
0

10 (14.2%)
20 (28.5%)
8 (11.4%)

0
3 (4.2%)
2 (2.8%)

Surgery
after 3 days

3 (4.2%)
1 (1.4%)
5 (7.1%)

11 (15.7%)
5 (7.1%)
3 (4.2%)
2 (2.8%)
1 (1.4%)

Surgery
after 2 days

0
5 (7.1%)
4 (5.7%)
1 (1.4%)

0
22 (31.4%)
2 (2.8%)
1 (1.4%)

Surgery
after 1 day

0
6 (8.5%)
5 (7.1%)
2 (2.8%)

0
34 (48.5%)

0
0

Pain VAS Score

Complications

Hospital Stay
(Days)

Variables

Yes
Mild

Moderate
Severe

Infection
2 days
3 days
4 days

Redo Procedure

Table 1: Association of time from injury to surgery with the success of procedure

Figure 1: Radiological presentation of pre-operative and post-operative elbow adjustment
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the ideal choice. Press-fit of anatomical reimplants showed
complications in literature thereby supporting the use of
metallic or amooth implants. Bipolar implants have longer-
lasting results.17,18

The goal of our study is to evaluate the efficacy of radial
head replacement after MASON type IV radial head fracture.
The allotment of study participants in our study was similar
to most of the studies conducted to evaluate the efficacy of
radial head replacement, although a few studies had smaller
sample sizes, our study had a larger number of included
patients as no loss to follow-up was reported. 19,20 The Age of
study participants was reportedly lower than in another study
where the maximum age was 74 years,21 the age plays a
significant role in healing mechanism and pain tolerance
and threshold of patients. Our study participants were
comparatively younger as it has been recognized that RHF
has a higher incidence in younger populations due to traumatic
etiology. Our results showed a lower pain VAS score in the
post-operative period, with good to excellent MAYO elbow
performance score. the outcomes from the published case
series indicate that radial head replacement yielded favorable
results. Only four patients exhibited poor performance, while
the majority reported excellent self-reported outcomes. This
suggests that radial head replacement could be an effective
treatment option for radial head fractures. Such findings
underscore the potential benefits of this procedure in clinical
practice.22 Lower Pain VAS score has been reported in many
retrospective analyses of radial head replacement studies,
Mayo elbow performance scores have been used for
quantification and results showed good results post-
operatively. 23  Reported complications such as post-operative
pain, reduced strength, stiffness, post-traumatic arthritis,
unsteadiness, valgus, and rotation issues like the functional
range of movement of the elbow are from 301 to 1301 degree
flexion.24 The importance of time of presentation and its
relation with the outcome of surgery has been proved as
crucial in other studies too, our study participants had only
4 patients with a waiting time of 48 hours that showed poor
elbow performance scores and led to surgical failure.25

Success rates of radial head replacement outcomes after
recent injury range from 60%-80%, while our study indicated
26/30 (86.7%) success after radial head fractures, similar to
other published studies indicating > 85% success rate
overall.26-27 The need for revision or redo surgery, classified
with Mason type of fracture indicated that in Mason type I
and type II injuries, the chief reasons for revision are stiffness
and symptomatic osteoarthritis. Mason type III specifically
displayed nonunion, deranged reduction, or necrosis. In
Mason type IV fractures also known as fracture-dislocations,
numerous complications were described including instability
and stiffness further leading to revision.28 Other complications
such as aseptic loosening, Elbow instability, and osteoarthritis
were not reported in our study participants.

Another study highlights that the need for radial head
arthroplasty is indicated when open reduction and internal
fixation are surgically not possible for comminuted radial
head fractures, and it offers grander outcomes when compared
to radial head excision. Arthroplasty shows superiority in
elbow stability, improved range of motion, postoperative
pain, and fewer complications. However, radial head resection
might still be amenable for isolated fractures without any
collateral ligament damage or in elderly patients with lower
functional needs. This outlines the significance of bearing
in mind patient-related factors in determining the optimal
treatment approach.29

However, another contrasting study undermines the role of
radial head prosthesis in Mason IV fracture-dislocation,
done by Nestorson J et al. They retrospectively reviewed
and compared two surgical options on a smaller sample size
of patients: radial head excision and radial head arthroplasty,
both combined with lateral ligament repair. 18 patients
underwent arthroplasty while 14 patients underwent resection.
After a follow-up of at least 2 years, functional outcomes
showed no noteworthy differences between the groups in
terms of functional scores, range of motion, or patient-
reported outcomes. However, the arthroplasty group had a
higher rate of auxiliary surgeries while the group with radial
head resection displayed more marked ulno-humeral
osteoarthritis. Overall, functional outcomes were consistent
with previous findings for similar injuries. Secondary
osteoarthritis after radial head resection did not influence
functional outcomes.30

The limitation of our study is the small sample size and
short follow-up duration. A multicenter study with a larger
sample size from all age groups and a longer follow-up time
is vital to remove all confusing factors related to study
results. A larger randomized control trial will help determine
the accuracy of different techniques and procedures of radial
head fracture as well. Degenerative arthritis was not assessed
as follow-up was only limited.
CONCLUSION:
In our study, the results specified that the likelihood of
revision surgery and rate of infection is greater in patients
who underwent surgery after 24 hours of injury as compared
to patients who were operated on within 24 hours. The
success rates are comparable with many available studies,
Mayo elbow performance score results were decent and
elbow stability and motion were restored in almost all patients
after surgery.
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ABSTRACT
Objective: To evaluate the prevalence of newborn hypocalcemia among infants of mothers with gestational diabetes.
Study Design & Setting: This cross-sectional study was conducted at PNS Shifa Hospital, Karachi, from November 2023
to March 2024
Methodology: Each mother's fasting blood sugar level was evaluated by drawing 5 ml of blood. At 24 hours after delivery,
sterile blood samples (2 cc) were taken to determine the neonate's calcium level; a serum calcium level below 7 mg/dl was
regarded as hypocalcemia. All information was gathered using a research template that was created in-house. Serum calcium
was measured using the Arsenazo III method, and serum albumin was assessed using the bromocresol green (BCG) method.
Results: The mean ± S.D. of the maternal age of the study participants was 26.83 ± 3.87 years. The mean ± S.D. of the
gestational age of the study participants was 37.35 ± 0.86 weeks. The mean ± S.D. of fasting glucose levels of the study
participants was 104.5 ± 15.1 mg/dl. A total of 27.5% of infants born to mothers with gestational diabetes had hypocalcemia.
Infants' median Apgar scores at 1 and 5 minutes were 6 and 9, respectively. The prevalence of hypocalcemia in newborns
was highest among mothers aged 21–30, though this difference was not statistically significant (p = 0.139).
Conclusion: The results showed that 27.5% of infants born to mothers with gestational diabetes had hypocalcemia. Maternal
age did not have a statistically significant association with hypocalcemia in newborns.
Keywords: Hypocalcemia, Infants, Gestational Diabetes, Maternal Hyperglycemia
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INTRODUCTION:
Pregnancy-related mortality and morbidity have long been
associated with diabetes in mothers.¹ The impact of maternal
diabetes extends beyond pregnancy itself, influencing both

prenatal and postnatal health outcomes for the infant. A
significant concern in this context is the exposure of the
developing fetus to maternal hyperglycemia, which is a
critical factor contributing to a range of prenatal, natal, and
postnatal complications. Insufficient metabolic control in
the mother exacerbates these issues, leading to various
disorders that can affect the child’s development and health
outcomes.1,2,3

The spectrum of complications arising from maternal diabetes
is broad, and among these, metabolic and hematological
complications are particularly concerning. Infants born to
mothers with diabetes are at an increased risk of developing
conditions such as hyperbilirubinemia and polycythemia.4

These conditions can have serious consequences for the
newborn, necessitating careful monitoring and management
from birth. Moreover, infants with a familial history of
hypomagnesemia are particularly vulnerable to developing
hypocalcemia, a condition that is closely linked to birth
asphyxia.5

Hypocalcemia, characterized by abnormally low levels of
calcium in the blood, is a frequent issue in newborns,
especially those born to diabetic mothers. Normal blood
calcium levels naturally decline in the first 48 hours after
birth in healthy term infants. Typically, this drop in calcium
levels reaches its lowest point, or trough, between 7.5 to 8.5
mg/dl within the first two days of life.5 However, in certain
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cases, this decline can lead to significant health concerns.
The most severe form of hypocalcemia can cause symptoms
such as seizures, which are particularly common in premature
newborns, babies born to mothers with diabetes, and infants
who have experienced perinatal asphyxia.6

The incidence of hypocalcemia in infants born to diabetic
mothers varies widely, with studies reporting rates ranging
from 4% to as high as 50%, and an average incidence of
around 22.7%. This wide variation highlights the need for
further research to understand the factors contributing to
this condition better. Hypocalcemia in these infants can be
attributed to several factors, including premature delivery,
birth asphyxia, low maternal calcium intake, high maternal
calcium excretion rates, low neonatal parathyroid hormone
(PTH) production, inadequate calcium intake, and poor
calcium absorption. Among these, hypomagnesemia in both
the mother and the child, resulting from increased maternal
urinary excretion of magnesium during pregnancy, has been
identified as a prevalent cause.7,8

One of the mechanisms by which maternal diabetes influences
neonatal calcium levels involves the transfer of maternal
calcium to the fetus through the placenta. In cases where
the mother has hyperparathyroidism, this increased maternal
calcium can inhibit fetal PTH synthesis, leading to a decreased
PTH response after birth, which in turn contributes to
hypocalcemia.7 Furthermore, hypomagnesemia in the
newborn can induce functional hypoparathyroidism, further
exacerbating the hypocalcemia.8

Hypocalcemia is a common metabolic disorder in infants
and young children, and its management remains a topic of
ongoing debate in the medical community. While there is
general agreement on the need to treat symptomatic
hypocalcemia promptly, the appropriate calcium levels at
which to initiate treatment and the best approach to managing
asymptomatic cases are still under discussion.8 The symptoms
of neonatal hypocalcemia and hypomagnesemia often
resemble those of hypoglycemia and can include jitteriness,
tachypnea, sweating, convulsions, and irritability.9

The increasing recognition of the long-term effects of
maternal diabetes on offspring has led to a growing awareness
among obstetricians and neonatologists of the need to
understand these complications better. Gestational diabetes
mellitus (GDM) has been linked not only to impaired glucose
tolerance during pregnancy but also to a higher incidence
of perinatal complications, including neonatal hypocalcemia.10

Despite the acknowledgment of these associations, there is
a critical gap in the medical literature concerning the precise
prevalence and mechanisms underlying neonatal
hypocalcemia in the context of maternal diabetes, particularly
on a regional basis.
This study is motivated by the need to address this gap by
providing a comprehensive analysis of the prevalence,
causes, and potential implications of hypocalcemia in

newborns of diabetic mothers. Understanding the scope and
nature of this issue is essential for developing targeted
interventions and clinical guidelines that can improve neonatal
outcomes and reduce the burden of hypocalcemia in this
vulnerable population. Consequently, this research aims not
only to quantify the prevalence of neonatal hypocalcemia
in the context of maternal hyperglycemia but also to explore
the contributing factors and possible preventive measures
that could mitigate this significant health challenge. By
doing so, this study seeks to contribute valuable insights
that could enhance clinical practices and ultimately improve
the health and well-being of infants born to mothers with
diabetes.8

METHODOLOGY:
After receiving ethical approval from the institutional review
board, this cross-sectional study was conducted at PNS Shifa
Hospital, Karachi (ERC/2023/PED/57) over a five-month
period from November 2023 to March 2024. The primary
aim of the study was to evaluate the prevalence of neonatal
hypocalcemia in infants born to mothers with gestational
diabetes. Given the importance of this research and the need
for robust data, the sample size calculation was a crucial
step in the study design. The sample size was determined
using the OpenEpi calculator, which is widely used in
epidemiological studies for accurate sample size estimations.
The calculation was based on an anticipated prevalence rate
of neonatal hypocalcemia in infants born to mothers with
gestational diabetes, derived from previous studies. With a
confidence level of 95%, a margin of error of 5%, and the
estimated prevalence rate, the minimum required sample
size was determined to be 70 subjects. However, to enhance
the reliability of the findings and considering the available
resources and time frame, the sample size was increased to
80 subjects. This slight increase was deemed sufficient to
ensure that the study would have adequate statistical power
to detect significant differences or associations.
The study employed a non-probability consecutive sampling
technique, selecting all eligible patients who met the inclusion
criteria during the study period. The inclusion criteria were
specifically designed to focus on mothers aged 18 years and
older diagnosed with gestational diabetes who had undergone
any mode of delivery. Patients under the age of 18 or those
with additional complications, such as autoimmune diseases,
hypertension, or multiple pregnancies, were excluded from
the study. This careful selection process ensured that the
sample was as homogeneous as possible, minimizing
confounding variables and increasing the study’s internal
validity.
Upon delivery, detailed records were made of each infant’s
Apgar scores at 1 minute, 5 minutes, and, if necessary, at
later intervals. These scores provided a quick assessment of
the newborn's health and helped identify infants who required
further medical attention. Simultaneously, each mother’s



diabetes status and treatment compliance were documented
to establish any correlations between maternal diabetes
control and neonatal outcomes. Information regarding the
mothers’ HbA1c levels and fasting blood glucose was also
recorded as part of the evaluation of maternal hyperglycemia.
Immediately after the umbilical cord was clamped and cut,
2 mL of blood was collected from the newborn in a sterile
container for calcium and albumin analysis. This step was
crucial in diagnosing hypocalcemia and understanding its
prevalence in the study population. All newborns underwent
a thorough examination for major congenital defects at birth,
and those with significant anomalies were excluded from
further analysis to avoid skewing the results.
The gestational age of each infant was carefully estimated
using the mother’s reported due date, with further verification
using the New Ballard Scoring System within a two-week
margin of error. Birth weights were measured using an
electronic scale and recorded to the nearest 10 grams. These
weights were then plotted on percentile charts according to
gestational age to assess growth standards.
Infants requiring admission to the neonatal intensive care
unit (NICU) based on specific criteria, such as a birth weight
under 2000 grams, an Apgar score of less than 7 at 5 minutes,
or signs of respiratory distress, were immediately transferred
to the NICU. These infants were started on intravenous
fluids with calcium supplementation at the standard rate of
4 ml/kg/day. Healthy infants, on the other hand, were placed
with their mothers and breastfed on demand, supporting
natural feeding practices and promoting maternal-infant
bonding.
During the first two to four days of life, each newborn's
length was measured using an infant meter and compared
to percentile charts for gestational age. At 48 hours of life,
another 2 mL blood sample was collected from each newborn
in a sterile container for repeat calcium and albumin testing.
This allowed for the monitoring of changes in serum calcium
levels and the early detection of hypocalcemia. Serum
calcium was measured using the Arsenazo III method, known
for its precision, and serum albumin was assessed using the
bromocresol green (BCG) method, which is a standard
procedure in clinical chemistry.
All data collected were meticulously entered into a custom-
designed research template to ensure consistency and
accuracy. Statistical analysis was performed using SPSS
version 26, enabling a comprehensive examination of the
data to identify significant trends and associations related
to neonatal hypocalcemia in infants born to mothers with
gestational diabetes. This methodological rigor ensured that
the study’s findings would be both reliable and valuable for
guiding future research and clinical practice.
RESULTS
A total of 80 pregnant women who fulfilled the inclusion

criteria were included in the present study. Table 1 shows
the clinical and demographic parameters of the study
participants. Mean±S. D of the maternal age of the study
participants was 26.83±3.87 years. Mean±S. D of the
gestational age of the study participants was 37.35±0.86
weeks. Mean±S. D of fasting glucose level of the study
participants was 104.5±15.1 mg/dl. 73.7% of the participants
in the present study had Primiparous parity and majority of
the participant’s mode of delivery was normal vaginal
delivery (66.3%). 27.5% infants had hypocalcemia to all
the diabetic mothers enrolled in the study (Figure 1). Infants'
median Apgar scores at 1 and 5 minutes were 6 and 9,
respectively (Figure 2). The prevalence of hypocalcemia in
newborns was highest among mothers aged 21–30, although
this difference was not statistically significant (p=01.39).
The prevalence of hypocalcemia in newborns was highest
among gestational age 37-39, although this difference was
not statistically significant (p=0.991) (Table 2).
DISCUSSION:
Gestational diabetes mellitus (GDM) is a form of glucose
intolerance that occurs during pregnancy, posing significant
risks to both mother and infant. The impact of GDM on
neonatal outcomes has been a topic of growing concern,
particularly as the global prevalence of diabetes continues
to rise. This study aimed to evaluate the prevalence of
newborn hypocalcemia among 80 diabetic mothers, with

Statistics
26.83±3.87
37.35±0.86
104.5±15.1
59 (73.7%)
21 (26.3%)
53 (66.3%)
27 (33.7%)
35 (43.7%)
45 (56.3%)

Mother age
Gestational Age
Fasting glucose

Parameters

Primiparous
Multiparous
Normal
C-section
Male
Female

Parity

Mode of delivery

Infant gender

Table 1: Cinical and demographic parameters of the study
participants

Figure 1: Frequency of Hypcalecemia in infants born to diabetic
mother
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between 31 and 35 years of age.13 These variations in maternal
age could potentially influence the outcomes of pregnancies
complicated by diabetes, as age is a known risk factor for
both GDM and adverse neonatal outcomes.
The mode of delivery and neonatal outcomes also showed
variation across studies. In this study, 26.3% of mothers had
multiple pregnancies, 33.7% of births involved cesarean
sections, and 56.3% of the neonates were female. These
findings are somewhat consistent with other research, though
differences in cesarean section rates and gender distribution
are noted. For instance, one study found that 52.5% of infants
born to diabetic mothers were male, while another study
reported a gender distribution of 64% male and 36%
female.11,14 These differences could be attributed to variations
in population demographics, the criteria used for diagnosing
GDM, and the management practices during pregnancy,
which differ across different healthcare settings.14

The variation in cesarean section rates is particularly
interesting, as the decision for cesarean delivery in diabetic
pregnancies can be influenced by several factors, including
fetal macrosomia, poor glycemic control, and the presence
of obstetric complications. The higher rate of cesarean
sections in some studies may reflect more aggressive
management strategies aimed at preventing complications
associated with difficult vaginal deliveries in diabetic women.
However, cesarean sections themselves carry risks for both
mother and infant, including the potential for respiratory
distress in the newborn, which underscores the need for
careful decision-making in these cases.14,15

In terms of hypocalcemia, 27.5% of the infants in this study
were affected, a prevalence that aligns with some previous
studies.15 However, other research reported lower incidences,
while still others have shown higher frequencies of neonatal
hypocalcemia, especially among infants of mothers with
pregestational diabetes.16,17 The relatively high prevalence
observed in this study highlights the potential vulnerability
of infants born to diabetic mothers to calcium metabolism
disorders. This finding is particularly concerning given the
critical role of calcium in various physiological processes,
including neuromuscular function and bone development.17

The inconsistencies in the reported prevalence of neonatal
hypocalcemia across studies could be due to several factors,
including differences in sample sizes, study designs, or
selection criteria. Additionally, variations in the management
of GDM, such as differences in glucose control strategies
and the timing of delivery, might also contribute to these
discrepancies. For instance, stricter glycemic control during
pregnancy might reduce the risk of neonatal hypocalcemia,
whereas poorly controlled diabetes could exacerbate the
condition. Some studies suggest that maternal and fetal
hypomagnesemia contribute to transient neonatal
hypocalcemia, particularly in infants born to women with
pregestational, insulin-dependent diabetes.16,17 This link

Figure 2: Apgar score of the newborns
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51
6
9
43
6

Yes
2
13
7
4
14
4

<20
21-30
<30
<36 weeks
37-39 weeks
>40 weeks

Hypocalcemia

Maternal age

Gestational Age

Parameters P Value

1.39

0.991

Table 2: Neonatal hypocalcemia as per maternal age and

the goal of shedding light on the potential risks associated
with maternal diabetes and informing clinical practices
aimed at mitigating these risks.
The mothers in this study had an average gestational age of
37.35±0.86 weeks and were on average 26.83±3.87 years
old. These demographic characteristics are consistent with
those reported in similar studies, though there are some
variations. For instance, previous studies have reported an
average gestational age of 37.58±1.35 weeks, with 81.25%
of births occurring between 37 and 39 weeks.11 The slight
difference in gestational age between studies could be
attributed to differences in study populations, healthcare
practices, and the criteria used to diagnose and manage
GDM.
The age of the mothers in this study was slightly younger
on average compared to some other studies. For example,
one study found the average age of women with diabetes in
the untreated IGT group to be 32.5±5.0 years, which is
higher than the average age in the present study.12 This
discrepancy might be due to differences in the populations
being studied or variations in the age distribution of diabetic
pregnancies in different regions. Additionally, other studies
have found that the majority of diabetic mothers were
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between hypomagnesemia and hypocalcemia is supported
by the fact that magnesium plays a crucial role in the
regulation of parathyroid hormone (PTH) secretion, which
in turn regulates calcium homeostasis.
The severity of maternal diabetes has been linked to the
degree of neonatal hypocalcemia, with a noted inverse
relationship between neonatal calcium levels and maternal
HbA1c concentrations.18 This suggests that poor glycemic
control during pregnancy may exacerbate the risk of
hypocalcemia in newborns. Elevated HbA1c levels in mothers
indicate chronic hyperglycemia, which could lead to various
metabolic disturbances in the fetus, including impaired
calcium metabolism.19 Furthermore, maternal hyperglycemia
can lead to fetal hyperinsulinemia, which has been associated
with decreased calcium levels in the neonate.20

This study’s findings emphasize the need for heightened
clinical awareness and proactive management strategies to
address the risk of hypocalcemia in infants born to mothers
with GDM. The identification of risk factors such as maternal
hypomagnesemia and poor glycemic control could allow
for targeted interventions, such as magnesium
supplementation or more rigorous monitoring of blood
glucose levels during pregnancy. Additionally, early
identification and treatment of hypocalcemia in newborns
could prevent complications such as seizures, cardiac
arrhythmias, and long-term developmental issues.
The strengths of this study include its focused examination
of the prevalence of newborn hypocalcemia in diabetic
mothers, providing crucial insights into a relatively
underexplored area of neonatal health. The comparison with
other studies and the use of a well-defined diabetic mother
cohort add value to the findings. However, limitations exist,
such as the relatively small sample size and the study's cross-
sectional design, which may limit the generalizability of the
results. The cross-sectional nature of the study precludes
any conclusions about the long-term outcomes of
hypocalcemia in these infants. Additionally, the study did
not account for the potential influence of other factors, such
as maternal nutritional status or genetic predispositions,
which could also affect calcium levels in the newborn. These
limitations underscore the need for further research in this
area.
The scope for future research is vast. Future studies could
expand on this work by including larger and more diverse
populations to enhance the generalizability of the findings.
Longitudinal studies could provide more definitive
information on the progression of hypocalcemia in newborns
of diabetic mothers and its long-term effects. For example,
tracking these infants over time could help determine whether
early hypocalcemia leads to developmental delays or other
health issues later in life. Additionally, exploring the impact
of various factors, such as different types and severities of
maternal diabetes, dietary influences, and genetic

predispositions, could provide deeper insights into the
mechanisms behind neonatal hypocalcemia.
Further research could also explore the effectiveness of
different prevention and treatment strategies. For instance,
studies could examine whether early calcium supplementation
or tighter glycemic control during pregnancy can reduce the
incidence of neonatal hypocalcemia. Additionally, the role
of magnesium supplementation in preventing hypocalcemia
in infants of diabetic mothers warrants further investigation,
given the potential link between maternal hypomagnesemia
and neonatal hypocalcemia.
In conclusion, while this study provides important insights
into the prevalence of hypocalcemia among newborns of
diabetic mothers, it also highlights the complexity of this
condition and the need for further research to fully understand
its causes and consequences. Addressing this knowledge
gap is crucial for developing effective interventions that can
improve the health and well-being of infants born to mothers
with diabetes. The findings underscore the importance of
comprehensive prenatal care that includes close monitoring
and management of maternal diabetes to prevent adverse
neonatal outcomes, including hypocalcemia.
CONCLUSION:
In conclusion, this study indicates that a significant proportion,
27.5%, of infants born to diabetic mothers are affected by
hypocalcemia, highlighting a clear association with maternal
diabetes. While the study offers valuable insights, it
underscores the necessity for broader research to fully
understand and address this health issue. Future investigations
should aim for larger sample sizes and a wider range of
demographic settings to validate these findings and explore
comprehensive preventive and treatment strategies for
hypocalcemia in newborns of diabetic mothers.
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ABSTRACT:
Objective: Evaluation of diagnostic role of grey zone serum prostate specific antigen level(4-10ng/ml) in patients with
benign prostatic hyperplasia (BPH) and prostate carcinoma keeping histopathology as gold standard.
Study design and setting: Cross-sectional study conducted in Department of Urology and Chemical Pathology, Sheikh
Zayed Hospital Rahim Yar Khan.
Methodology: Patients with grey zone serum prostate specific antigen level (4-10ng/ml), lower urinary tract symptoms
or abnormal DRE (digital rectal examination) were included and diagnosis was confirmed on the basis of histopathology.
Chi square test used to see the statistically significant difference between subgroups. P value <0.05 was deemed as significant.
Diagnostic role evaluated by ROC curve analysis.
Results: Mean age of study subjects was 60.21±10.046 years and 155 (81.2%) subjects were having serum prostate specific
antigen level in grey zone (4-10ng/ml). Of the total 191 study subjects, 59(30.9%) were histopathologically confirmed
cases of benign prostatic hyperplasia and 34(17.8%) were confirmed cases of prostate carcinoma. 41 (26.45%) cases of
benign prostatic hyperplasia were having serum PSA level in grey zone (4-10ng/ml) and 16(10.32%) cases with prostate
carcinoma were having PSA level in grey zone (4-10ng /ml). ROC curve analysis shows AUC=0.584 in case of BPH and
AUC=0.707 in case of CA prostate.
Conclusion: On the basis of our study, it is concluded that grey zone serum PSA level in symptomatic individuals should
be used in conjunction with other non-invasive diagnostic and clinical parameters to improve diagnosis and to avoid
unnecessary biopsy in every symptomatic individual.
Key words: Benign Prostatic Hyperplasia; BPH; Grey zone PSA; Prostate specific antigen; Prostate carcinoma; Serum
PSA
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INTRODUCTION:
Both cancerous and normal prostate epithelial cells release
PSA, a serine protease linked to kallikrein. 1 Serum Prostate
specific antigen level is non-invasive marker for the
management of patients with prostate enlargement. By using
PSA as a noninvasive screening biomarker, the number of
patients with metastatic cancer can be decreased by improving
the early detection of the disease. 2, 3 PSA is specific to the
prostate but not to prostate carcinoma; therefore, its use as
a diagnostic tool for prostate adenocarcinoma is debatable
because of its increased presence in other lesions and
procedures like ejaculation, digital rectal examination, benign
prostatic hyperplasia, urinary tract infections, acute and
chronic prostatitis, and urethral instrumentation.4 To lower
death rates from prostate cancer, early diagnosis is crucial.
One of the finest diagnostics for prostate cancer early
detection is the serum prostate-specific antigen (PSA) test.
As a result, many people today utilize this noninvasive test
to screen for prostate cancer, especially among older men.
However, even while PSA levels have a high sensitivity for
detecting prostate cancer, they lack sufficient specificity
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when PSA levels are relatively low, as they do in the 4–10
ng/mL "gray zone." Elevated PSA levels in progressing
carcinoma can be utilized as a prognostic tool; the values
are adjusted for age and race. 5

Urgent attention is needed to increase the detection rates of
prostate cancer and to prevent unnecessary prostate biopsies
in men whose PSA levels are in the gray zone. 6, 7When the
PSA level is in the gray area, it's critical to research the
associated factors that lead to a positive biopsy result for
Prostate carcinoma. The two related parameters that are
currently most frequently employed to determine the positive
rate of prostate biopsies are PSA density (PSAD) and the
ratio of free to total PSA (f/tPSA). Still, there are issues with
clinical prediction. It is widely acknowledged that prostate
cancer typically develops in the prostate's peripheral zone,
whereas lesions associated with benign prostatic hyperplasia
(BPH) are primarily found in the core gland. 8, 9

It is vital to assess the clinical importance of different PSAs
and PSA density (PSAD) connected to peripheral zones in
patients with gray zone PSA level (4–10 ng/mL) because
the limited specificity of PSA leads to needless and invasive
prostate biopsies. 10, 11

An increasing percentage of prostate cancers, primarily
indolent disease, have been identified early because to the
widespread use of prostate specific antigen (PSA) in screening
techniques. The availability of several treatment approaches,
each of which has a distinctly different effect on the patient's
quality of life, indicated that there was a clear need for
instruments capable of identifying clinically significant
malignancy at diagnosis. When it came to pre-biopsy
diagnosis, multiparametric magnetic resonance performed
incredibly well. It does, however, require an experienced
radiologist and is a costly technology. It is worthwhile to
look into a straightforward blood test in this situation. Under
these circumstances, scientists concentrated on creating a
lab test that may reduce overdiagnosis without compromising
the ability to identify malignant tumors. 12

The study aims to evaluate grey zone serum prostate specific
antigen level in patients with lower urinary tract symptoms
and abnormal digital rectal examination and to evaluate the
diagnostic efficacy of grey zone serum prostate specific
antigen (PSA) level in patients diagnosed with benign
prostatic hyperplasia (BPH) and prostate carcinoma. The
implication will be that by evaluating the diagnostic role of
non-invasive screening biomarker serum prostate specific
antigen (PSA) level help to prevent unnecessary invasive
biopsies in patients with abnormal digital rectal examination
and it will help in early detection and management of patients
with metastatic disease.
METHODOLOGY:
Cross-sectional study conducted in Department of Urology
and Chemical Pathology, Sheikh Zayed Hospital Rahim Yar
Khan from January 2022 to December 2023. After taking

ethical approval from institutional review board (Ref no.
239/IRB/SZMC/SZH Dated 25-11-2021), data was collected
by using non-probability consecutive sampling technique.
Patients with grey zone serum prostate specific antigen level
(4-10ng/ml), lower urinary tract symptoms or abnormal
DRE (digital rectal examination) were included and informed
consent was taken. Histopathology was taken as gold standard
to confirm the diagnosis of prostate carcinoma and benign
prostatic hyperplasia. Patients with history of prostate surgery,
hormonal manipulation, history of taking 5 alpha reductase
inhibitor, urinary tract infection, indwelling urinary catheter
and acute or chronic bacterial prostatitis were excluded.
Sample size calculated by using formula (n=z2x p (1-p)/E2)
where z is z score, p is proportion of population having PSA
level in grey zone and E is margin of error. Confidence
interval is taken as 95% and z score value is 1.96 for 95%
confidence interval. Margin of error is calculated as 7% by
using the sample size 197 and proportion as 41%. So, the
sample size(n) calculated as 190 by using p (the proportion
of subjects having PSA level in grey zone taken as 41%).24

Data was analyzed by using SPSS version 29. Mean and
SD calculated for quantitative variables (Age, Serum PSA
level) while frequency and percentages calculated for
qualitative variables (Prostate carcinoma, Benign prostatic
hyperplasia). Effect modifier (age) controlled through
stratification. Post stratification chi square test is applied to
see the statistically significant difference. Statistically
significant difference of grey zone serum PSA level with
respect to benign prostatic hyperplasia and prostate carcinoma
is evaluated by applying chi square test. P value <0.05 was
taken as statistically significant. Diagnostic role is evaluated
by ROC curve analysis. Sensitivity and specificity of grey
zone PSA level (4-10ng/ml) calculated in benign prostatic
hyperplasia and prostate carcinoma by using formulas;
Sensitivity= True positive/True positive+ False negative
Specificity= True negative/ True negative+ False positive14

· True positive= Number of cases correctly identified as
diseased (Histopathologically confirmed cases with total
serum PSA level in grey zone)
· True negative= Number of cases correctly identified as
non-diseased (Histopathologically not confirmed serum total
PSA level not in grey zone)
· False positive= Number of cases incorrectly identified as
diseased (Histopathologically not confirmed with PSA level
in grey zone)
· False negative= Number of cases incorrectly identified as
non-diseased (Histopathologically confirmed with PSA level
not in grey zone)
RESULTS:
Mean age of the study subjects was 60.21±10.046 years and
93(48.7%) were =60years age and 98 (51.3%) were above
60 years with age range 39 to 82 years (Table 1). Of the
total 191 study subjects, 155 (81.2%) subjects were having
serum PSA level in grey zone (4-10ng/ml) while 36 (18.8%)
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were not having PSA level in grey zone (Table 1). 59 (30.9%)
were histopathologically confirmed cases of benign prostatic
hyperplasia and 34(17.8%) were confirmed cases of prostate
carcinoma. 80 (51.61%) subjects =60years of age were
having serum PSA level in grey zone while 13 (36.11%)
were not having serum PSA level in grey zone (Table 1).
75 (48.38%) subjects >60years age were having PSA level
in grey zone while 23 (63.88%) subjects were having PSA
level not in grey zone (Table 2). The difference of grey zone
PSA level with respect to age subgroups was not statistically
significant with p value 0.094 (Table 2). Of the total 59
study subjects with benign prostatic hyperplasia, 41 (69.49%)
were having serum PSA level in grey zone while 18(30.50%)
were not having serum PSA level in grey zone (Table 2).
Of the total 34 study subjects with Prostate carcinoma, 16
(47.05%) were having serum PSA level in grey zone while
18 (52.94%) were not having serum PSA level in grey zone
(Table 2). ROC curve for grey zone serum PSA level in
Benign Prostatic Hyperplasia shows Area under the curve
(AUC=0.584) (Fig 1) while ROC curve for grey zone serum
PSA level in Prostate carcinoma shows Area under the curve
(AUC=0.707) (Fig 2). Sensitivity of grey zone serum PSA
level in case of benign prostatic hyperplasia calculated as
26.45% while specificity calculated as 50%. Sensitivity in
case of prostate carcinoma for grey zone serum PSA level
calculated as 10.32% while specificity calculated as 50%.

Subgroups
=60years
>60years
Gray zone

No Gray zone
Present*
Absent

Present*
Absent

Frequency
93
98
155
36
59
132
34
157

Percentage
48.7
51.3
81.2
18.8
30.9
69.1
17.8
82.2

Age (Years)
60.21±10.046

Serum PSA level
(ng/ml) 9.1067±8.457

Benign Prostatic
Hyperplasia (BPH)

CA Prostate

Variable

Table 1: Distribution of study subjects with respect to age, serum
PSA level (Grey zone PSA), Benign Prostatic Hyperplasia and

Prostate Carcinoma (n=191)

Table 2: Cross tabulation of Age, Benign Prostatic Hyperplasia and CA Prostate with respect to Grey Zone PSA level (n=191)

=60 years
>60years

Total
Present
Absent
Total

Present
Absent
Total

Chi square
value P valueSubgroupsVariable

Age

Benign
Prostatic

Hyperplasia

CA Prostate

80 (51.61%)
75 (48.38%)
155(100%)

41 (26.45%)
114 (73.54%)
155 (100%)
16(10.32%)
139(89.67%)
155(100%)

13 (36.11%)
23 (63.88%)
36 (100%)
18(50%)
18(50%)
36(100%)
18(50%)
18(50%)
36(100%)

PSA level

In Gray zone Not in Grey
zone

2.810

7.589

31.43

0.094

0.006*

<0.001*

Sensitivity (BPH) = 41/41+114 =26.45%

Specificity (BPH) =18/18+18=50%

Sensitivity (CA prostate) =16/16+139=10.32%

Specificity (CA Prostate) =18/18+18=50%

*p value <0.05 taken as statistically
significant

Figure 1: ROC Curve for Grey Zone PSA level in BPH
(AUC=0.584)

Figure 2: ROC curve for Grey Zone PSA level in CA Prostate
(AUC=0.707)
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DISCUSSION:
Serum prostate specific antigen is valuable, non-invasive
marker for screening prostate carcinoma but the intermediate
PSA level make it difficult to discriminate between benign
and malignant prostate conditions. In these conditions, many
patients are subjected to unnecessary biopsies to make a
definitive diagnosis. 13, 15 So, the grey zone level of serum
total PSA evaluated in our study with mean PSA level
9.1067±8.457ng/ml. Of the total 191 study subjects,
155(81.2%) were having serum PSA level in grey zone
while 36 (18.8%) were having serum PSA level not in grey
zone. Diagnostic efficacy of serum PSA level in grey zone
established for prostate carcinoma with AUC (0.707),
sensitivity 10.32%, specificity 50%. Distribution of prostate
carcinoma patients with respect to grey zone serum PSA
level was statistically significant with p value <0.001.
Diagnostic efficacy of serum PSA level established for
benign prostatic hyperplasia with AUC (0.584), sensitivity
26.45% and specificity 50%. Distribution of benign prostatic
hyperplasia patients with respect to grey zone serum PSA
level was found statistically significant with p value 0.006.

Diagnostic efficacy of total serum PSA evaluated by Wu B
et al in their study and AUC by ROC analysis was 0.508 for
grey zone PSA level (p value <0.001) and for total PSA
overall AUC 0.699 (P value 0.012). Mean age of study
subjects in their study was 67.5±7.9 years with median total
PSA level 7.94ng/ml with statistically significant difference
of median total PSA level in prostate carcinoma and non-
carcinoma patients (p value 0.001). 16 Screening of prostate
carcinoma has important role in the management of carcinoma
and clinically significant prostate cancer with PSA level in
grey zone (4-10ng/ml) should have proper screening by
other diagnostic tools such as prostate health index density,
prostate health index and % of free prostate specific antigen
to avoid unnecessary biopsies.16, 17On the basis of previous
literature, it has been shown that many of the patients
undergoing unnecessary biopsies based on serum total PSA
results.18, 19

A single centered study conducted by Castro et al at PSA
cut off 3ng/ml established the sensitivity 1.000 and specificity
0.017 with mean PSA level in cancer patients 7.50±1.70ng/ml
and mean PSA in benign prostatic hyperplasia was
6.29±1.81ng/ml. 20 Another study conducted by Vukovic et
al established the sensitivity of serum PSA level at cut off
3ng/ml as 0.923 and specificity as 0.063 with mean serum
PSA level in cancer patients 5.81±1.98ng/ml and mean PSA
level in benign prostatic hyperplasia as 6.24±1.96ng/ml. 21

On the basis of previous literature search, it is recommended
that in asymptomatic individuals with PSA level in grey
zone (3-10ng/ml) and normal digital rectal examination
should be evaluated further by non-invasive tools for
indication of biopsy such as risk calculation, magnetic

resonance imaging and if PSA doubling time is less than 3
years then it is strongly recommended that MRI should be
repeated and biopsy should be performed.22 Liu J. et al In
their study evaluated the use of clinical parameters to predict
prostate carcinoma in patients with total PSA level in grey
zone (4-10ng/ml). On the basis of their study, the total serum
PSA level didn’t show significant difference in carcinoma
and non-carcinoma patients with p value 0.824. Other
parameters such as age, free PSA, f/t PSA also show no
significant difference between carcinoma and non-carcinoma
patients, however, prostate volume and PSA derivatives
show significant difference with p value <0.05. It was
concluded that in patients with grey zone serum PSA level,
prostate volume, PSA derivatives and MRI should have
been used to predict prostate carcinoma and to prevent
unnecessary prostate biopsies. 23

Our study had certain limitations. It was a single centered
study. Different prostate specific reference ranges (cut-off)
should have been evaluated with respect to age as age specific
reference ranges are being used for interpretation of total
PSA results and diagnostic efficacy should be established
for each cut-off value with respect to age.
Further larger studies should be performed to further evaluate
the patients with PSA results in grey zone (4-10ng/ml) by
using different non-invasive investigations and clinical
parameters to improve the diagnostic value and preventing
the unnecessary biopsies.
CONCLUSION:
On the basis of our study, it is concluded that grey zone
serum PSA level (4-10ng/ml) in symptomatic individuals
with lower urinary tract symptoms and abnormal digital
rectal examination should be used in conjunction with other
non-invasive diagnostic and clinical parameters to improve
diagnosis and to avoid unnecessary biopsy in every
symptomatic individual.
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Objective: This study aimed to enhance the validity of the exam bank at Liaquat National Medical College (LNMC),
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understanding, this article was divided into two sections: In first section, the stepwise approach of blueprint development
was discussed whereas the second section dealt with feedback from 105 4th Year MBBS students, feedback from faculty
involved in this process and the experiences of examination unit personnel.
Results:  Following the Calgary model by Coderre et al., a blueprint for undergraduate MBBS theory exam was developed.
Students (85%) agreed that the exam accurately assessed the taught content. Faculty expressed satisfaction with the
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and understanding. Without such validity, assessments fail
to achieve their primary purpose, which is to guide and
shape meaningful learning.1 Traditional assessment designs
have their pitfalls, including the subjectivity of the paper
setter and frequent complaints from students about the
representation of topics.1 Conversely, blueprint development
in medical education offers a systematic multistep approach
to assessment, defining purpose (formative/summative and
written/practical) and scope (undergraduate or postgraduate
students) of the test to subsequently determine the content
and method of assessment.2 It assists in developing
assessment more congruent with the objectives, content
area, and curriculum, and can be implemented to improve
the reliability and content validity of the assessment. This
in turn helps in distribution of appropriate weightage and
questions across the topics.3

The study conducted  on undergraduate traditional
assessments have identified several shortcomings. Among
these deficiencies, a prominent concern is the subjectivity
inherent in the formulation of examination papers.4

Undergraduate medical students have reported dissatisfaction
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with the underrepresentation of themes covered in
assessment5. Moreover, frequent challenges impacting the
content and construct validity of a test may arise from its
creation with inadequate coverage of essential learning
outcomes or the use of inappropriate assessment tools,
leading to irrelevant variability5.This brings to light the
issues of subjectivity, lack of uniformity, and potential threats
to the content and construct validity of an exam. These
challenges undermine the very purpose of assessments: to
accurately measure students' knowledge, skills, and attitudes.
Exam Blueprinting address these challenges by reducing
construct under-representation (CU) and construct irrelevant
variance (CIV) .5

A test blueprint defines as:
“The key elements of a test, including the content to be
covered, the amount of emphasis allocated to each content
area, and other important features.”7

An exam blueprint in medical education serves as a crucial
tool for mitigating major threats to validity in assessments.
The alignment offered by blueprint connects the three
foundational pillars of education: structured learning
objectives, teaching and learning activities, and assessment
tasks.6 By utilizing a blueprint, educators can ensure that
these pillars are harmoniously aligned, leading to more
effective and valid assessments. They also provide valuable
metadata for managing Multiple Choice Questions (MCQs)
bank. Once test items are coded according to a blueprint, it
becomes easier to retrieve them from a larger pool of items
and assemble them into various test forms for different
purposes.7

One of the study investigated the impact of implementing
an exam blueprint on student performance and satisfaction
in a basic imaging module showed that students who were
assessed in an exam using blueprints outperformed those
who were not, with statistically higher scores, greater
satisfaction, and improved achievement of learning
outcomes.8

The literature describes the blueprinting development process
in several key stages: (1) clearly defining the purpose and
scope of the assessment; (2) identifying the primary domains
of knowledge and skills to be evaluated; (3) outlining the
objectives or learning outcomes to be assessed within each
domain for each topic; (4) selecting the appropriate
assessment format; and (5) assigning specific weights to
each content category, such as knowledge and skills domains.9

Despite the clear advantages of using a test blueprint in
assessment, certain challenges persist. These include the
lack of a standardized approach to blueprint design, and
incomplete awareness among test developers about the
importance and effectiveness of test blueprints.10

The Examination Unit (EU) at Liaquat National Hospital &
Medical College (LNMC), Karachi, involved in exam
development since its inception in 2012. It was highlighted

through frequent exam feedback that the theory exam faced
the issues of content distribution. As a result EU undertook
a continuous quality assurance process. This process
prioritizes exam validity by incorporating recent evidence-
based recommendations while considering the contextual
challenges and enablers. A one-year revision focused on the
creation of new blueprints for the multiple-choice question
assessments was done as part of this continuous quality
assurance process.
Objectives: This article aims to:
1. Outline a methodical approach towards blueprint
development for a written examination.
2. Explore the experiences and satisfaction of faculty and
examination department officials involved in the blueprinting
process.
The article will conclude with a discussion proposing a way
forward for further advancing the exam blueprint
development process in other domains of assessment.
METHODOLOGY
 To conduct this research, we gathered data from multiple
sources that includes stepwise blueprint development process,
surveys, and interviews. For the ease of understanding, this
quality assurance process will be delineated in two sections;
the first section will deal with the process that we follow
for blueprint development and second section will deal with
the experiences and satisfaction with the process of major
stakeholders of this endeavor.
1)  Blueprint development process
Blueprints were formulated through a three-tiered approach;
at first theory and performance exam distribution was decided
for each module (Macro level; figure 1) after that weightage
of each discipline in the module was identified (Meso level;
figure 1) and finally the third layer was developed in which
the detailed distribution of MCQs and OSCE was made
along with the specification of their topics and subtopics
(Micro level; figure 1).

Figure-1: Blueprinting Process across Macro, Meso and Micro
Levels
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To explain the blueprint development process at our
institution, we will use the example of Year 4 MBBS
Neuroscience module. This process took six month from
Blueprint development to its evaluation by stakeholders.
The following steps were employed to construct the
blueprints.
The process started with the repetitive training sessions for
faculty (basic and clinical sciences) involved in the exam
development at college. The sessions targeted specifically
hands-on practice on the various models of blueprints. With
the collaborative effort of exam unit, and module committee
(included the faculty involved in the module development
and implementation), blueprints were developed at three
levels as follows:
Step 1: Weightage according to learning domains (Macro-
level)
The first step in this process was to map the curriculum to
identify the content coverage of knowledge & skill
components in the module. A detailed review of learning
objectives was done to identify their domains, and levels
that will help target the path toward assessment validity
claim.8 The process started when faculty were working
together for module development. This first layer of the
blueprint consisted of a broad division of content in terms
of knowledge and skills domains. The weightage (table 1)
was calculated based on hours allocation and importance of
objectives (as prescribed by the faculty) to be covered for
that module.
Step 2:   Discipline-based weightage of exam content in
a module (Meso-level)
This layer of blueprint was developed for ensuring the
adequate weightage for individual discipline in a module.
Before this stage, the weighting of a content area has already
been established through consensus (based on its importance)
during module development meetings. The weightage of
this layer is simply based on hour allocation as described
by Abdellatif and Al-Shahrani.11 Discipline wise weightage
distribution in the theory exam of Neuroscience module is
presented in Table 2.
Step 4: Detailed description of MCQs with objective
alignment
The third layer encompasses the detailed attributes of
multiple-choice questions (MCQs) for each identified topic
or disease within each discipline. The blueprint model
employed the development of this layer using the impact x
frequency model (Table 3.1) outlined by the University of

Calgary in the literature.12,13 Through a consensus-building
process involving subject specialists, impact and frequency
were calculated, which subsequently determined the weight
of each item. Further item descriptions were finalized by
revisiting the objectives to ensure alignment. For instance,
five questions were determined for headache, with diagnosis,
investigation, treatment, complications and prognosis options
identified as the essential knowledge areas to be assessed
as shown in Table 3
2)  Experiences & Satisfaction with the process: The
satisfaction with the process was done by using three
evidences:
i. Taking feedback from students about the content validity
of the exam
ii. Taking feedback from faculty involved in the process by
doing a survey
iii. In depth interview from exam unit personnel
Ethical approval for this study was granted by the Liaquat
National Hospital Ethics Review Committee (1020-2024-
LNH-ERC). Feedback was collected from students regarding
the content validity of the exam. A total 105, 4th year MBBS
students were asked the question in post exam survey taken
after the module exam. The question been asked was, “Did
the module examination accurately assess the taught content?”
Faculty feedback was taken in the form of questionnaire
from those involved in blueprinting process of the module
and these included Professors, Associate & Assistant
Professors from both clinical and basic sciences, all with
backgrounds in medical education training. The sample size
was calculated using the Online OpenEpi Version 3 tool.
For a population size (N) of 33, it was hypothesized that the
outcome frequency in the population would be approximately
50%, with a margin of error of ±5% and a confidence level
of 95%. Based on these parameters, a sample size of 31
individuals was calculated. A Likert scale-based survey was
developed by a medical educationist and reviewed by three
medical education experts. The survey was administered
via Google Forms to 33 faculty members involved in the
exam blueprint development for the year 2023.Knowledge

62%
Skills
38%

Neuroscience Module

Table 1: Learning domain division in neuroscience 4th year MBBS
module

Table 2: Discipline wise weightage distribution of Neuroscience
module Theory exam

Subjects
Neurology
Pediatrics
Pathology
Pharmacology
Psychiatry
Neurosurgery
Radiology
Total=T

Teaching Hours
25
5
20
20
10
8
2

T= 90

Weightage
28%
6%
22%
22%
11%
9%
2%

T=100%

No. of MCQs
42
8
34
33
17
13
3

T=150
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CNS Infections /
Meningitis

Coma

Cranial nerve
lesions

Dementia

Epilepsy/Seizures

Guillain-Barre
syndrome

Headaches

Movement disorder

Lesion localization

Parkinson's Disease

Muscular
dystrophies

Multiple Sclerosis

Myasthenia Gravis

Stroke

3

2

2

1

3

2

3

1

1

3

1

2

3

3

2

2

1

1

2

3

2

1

1

1

1

1

2

3

6

4

2

1

6

6

6

1

1

3

1

2

6

9

51

0.11

0.07

0.03

0.01

0.11

0.11

0.11

0.01

0.01

0.05

0.01

0.03

0.11

0.17

4.9

3.2

1.6

0.8

4.9

4.9

4.9

0.8

0.8

2.47

0.8

1.6

4.9

7.4

42.7

5

3

2

1

5

5

5

1

1

1

1

2

5

7

42

Theme I F I*F IxF/T Weightage
 (Tx42)

No of
items

Patho-
physio Diagnosis Investigations Treatment /

Management Complications Prognosis

Table 3: Distribution of multiple-choice questions (MCQs) for each disease within Neurology

1
2
3

Non-urgent, little prevention potential
Serious, but not immediately life threatening
Life threatening emergency and/or high potential for prevention impact

Rarely seen
Relatively common
Very common

Score Impact Description Frequency Description

Table 3.1:  Impact and frequency descriptors

At the end, three in-depth interviews (IDIs) of 30-40 minute
duration were conducted with exam officers and the
examination in-charge using a pre-developed interview
guide. In-depth interviews were conducted until we achieve
the theoretical saturation, following the recommendations
of Corbin.J, Strauss A.14 Interviews were audio-recorded
and transcribed verbatim using Microsoft Office 365, ensuring
confidentiality and anonymity. Transcripts were anonymized
before data analysis. Credibility of responses was ensured
by summarizing the responses at the end of interview as
well as by member checking after transcription. Privacy and
confidentiality of all the participants and their responses
was maintained throughout the data collection and analysis
process.
Data Analysis
I. A descriptive analysis using SPSS version 23 was
done to gauge the percent of agreement from feedback from
both students and faculty.

II. In-depth interviews (IDIs) with personnel from the
examination unit were analyzed using manual thematic
analysis.15 Braun & Clarke's thematic analysis methods were
used to identify, organize, describe, and report themes found
within the data set.16  After multiple readings of interview
transcripts, the researchers assigned codes based on the
interview questions and responses. Through an iterative
process of examining and re-examining the coded excerpts,
themes were identified along with key quotes to develop
evidence-based narratives and recommendations.17

RESULTS:
After    development    and    implementation    of    the
theory exam blueprint as described above, the students’ and
faculty feedback survey was conducted and exam officers’
experiences were measured through interviews.
I. Students feedback:
With a response rate of approximately 96.2%, eighty five
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percent of the students showed agreement to the question
being asked about the content validity of the exam (N=101)
II. Faculty feedback:  Feedback survey was filled by
the 31 faculty members with a 100% response rate. The
departmental representation for blueprinting included a mix
of clinical and basic sciences faculty members, with
designations ranging from Assistant Professor to senior
positions.
Table 4 summarizes the levels of agreement for ten statements
related to the blueprinting process for the development of
theory examination. Overall, the survey results indicated a
highly positive response to the blueprinting process across
various specialties.
In-Depth Interviews:  In-depth interviews were conducted
from in-charge of the examination unit (IEU) and two senior
exam officers (SEO) to explore their experiences, challenges,
and the impact of blueprinting on exam development which
are highlighted in Table 5.
DISCUSSION:
This study offered insights into the extent to which
blueprinting can markedly enhance the quality and alignment
of exams with course objectives, ensuring that assessments
are both comprehensive and closely tied to the curriculum.
The student’s survey revealed a high level of agreement
(85%) regarding the content validity of the exam, indicating
that students perceived the exams as closely aligned with
the taught material. This is consistent with findings from
previous studies where MBBS students expressed satisfaction
with exam blueprints that ensured appropriate question

distribution and alignment with learning objectives.2,18 In a
study conducted in 2023 by Dutta & Goswami, MBBS
students demonstrated satisfaction with the biochemistry
exam blueprint, which was praised for ensuring content
validity, construct reliability, and fairness over two academic
years.18

The faculty survey results from this study showed that most
faculty members were satisfied with the blueprinting process,
particularly regarding the clarity of guidelines and the
availability of resources. This positive feedback suggested
that blueprinting simplifies the exam development process
and making it more efficient and aligned with educational
objectives. These findings are consistent with existing
research, which indicated that faculty members value clear
and structured exam blueprints as they enhance the alignment
between teaching and assessment, ultimately improving
educational outcomes.2 Additionally, in 2022, Chrisyarani
et.al. found that faculty satisfaction is significantly influenced
by their involvement in the blueprinting process, highlighting
that participatory approaches can improve perceptions of
fairness and relevance in assessments.19

The in-depth interviews with examination officers and in-
charge revealed several key benefits of blueprinting, including
improvements in time management, ease of question
selection, and better alignment of exams with curriculum
objectives. These findings are supported by Bhardwaj’s
study that emphasizes blueprints are essential for aligning
content with curriculum objectives and ensuring
comprehensive assessments.20 The interviewees highlighted
the elimination of redundant questions and improved

Table 4: Faculty level of agreement on the Blueprinting Process for Exam Development

I was provided clear guidelines for the blueprinting process

I was provided with sufficient resources & tools (study guide & time
tables) for blueprint development

I understood the Blueprint template/model easily.

I was given full opportunity to develop my subject’s blueprint

I believe that blueprint has significantly enhanced the quality of MCQs.

I feel confident while utilizing formulated blueprints for my subject's
exam preparation.
I believe that blueprinting ensured well balanced distribution of MCQs
across topics.
I believe that Blueprinting has improved alignment of the MCQs with
course objectives

I believe that overall process of paper setting has become simplified
after blueprint development.
I acquired a comprehensive understanding of exam development through
my active involvement in the blueprinting process.

40

50

33.3

46.7

43.3

46.7

36.7

26.7

40

46.7

50

36.7

43.3

43.3

50

53.3

53.3

70

53.3

46.7

10

13.3

23.3

6.7

6.7

0

10

3.3

6.7

6.7

0

0

0

3.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Strongly
Agree (%)

Agree
(%)

Neutral
(%)

Disagree
(%)

Strongly
disagree (%)Statement

Page-49JBUMDC 2025;15(1):45-52

Yusra Nasir, Sobia Ali, Muhammad Ahsan Naseer, Sana Farooq Shah



Shifts in Exam
Development Approach

Needs and Challenges

Provision of Support &
Resources

Suggestions for Future
Improvement

Theme Sub-Theme Verbatim Quotes

Time Management Improvements "Benefit of time management for exam development was
evident"??... (IEU)

"The exam development has become easier. Faculty (Content
experts) used to visit DHPE and select questions randomly
from taught topics"?? ( SEO_1)
"Previously the practice was... the question were being selected
by the faculty randomly from the subtopics and topics"??..
(IEU)

Ease of Question Selection

Balanced Representation of Topics

"The risk of out of course exam was reduced significantly
after Blueprinting" ( SEO_2)
"After BP the exam is reflecting timetables and study guides...
previously the exam was under or over represented and some
areas were entirely skipped"??(IEU)

"Now what we have seen is that the proper weightage has
been given to all the topics as we wanted from the start of the
process"?? ( SEO_2)
"Previously the proper weightage was not given in the
blueprint….. It was not there before"?( SEO_1)

Appropriate Weightage Assignment

Objective Alignment & Curriculum
Reflection

"This time we know the objectives and their weightage in
assessment"? ( SEO_1)
"The topics in the exam paper are exactly what the reflection
of the study guide"?

Elimination of Redundant
Questions

"Duplications of questions has been reduced"  ( SEO_1)??
"The overlapping was there, the duplication was there in the
exam... these weaknesses which used to be there previously
are rectified this time after developing of the blueprint""(IEU)

Faculty Satisfaction
"This time faculty didn’t complain"?? ( SEO_1)
"Faculty has mentioned numerous time in the meetings that
significant difference in the exam results has been seen,  as
a result of proper exam development"(IEU)

"Faculty needs proper training for that. Up till now the faculty
has been trained pretty much but still there is a need of some
kind of proper training"??( SEO_2)

"As far as my department is concerned my department faculty
is already trained. I just had to guide... But if you talk about
college faculty. There was some resistance"?? (IEU)

Initial Lack of Training

Resistance from Faculty

Departmental Support
“I collected the timetable and study guide, which were essential
for preparing the Blueprint, with full support from the DHPE
faculty and administrative staff." (SEO_2)

"There was strong teamwork throughout the process, with
valuable support from both the medical college faculty and
DHPE staff." ( SEO_1)

Faculty Support

 "I received full institutional support and all the necessary
resources right from the very beginning, and that support
continues to this day." (IEU)

Institutional Support

Increasing Question Bank Size
"Adequate no of questions should be there in future against
the developed BP at least three questions against one sub-
theme"?? (SEO_2)

"Next time what we can do is... the objectives are still in the
study guide needs to be clearly mentioned so that we can
exactly identify the content"??( SEO_1

Clarifying Study Guide Objectives

Table 5:  Examination Officers' and In-Charge's Perspectives on the Blueprinting Process

reflection of the curriculum, which aligns with the work that
emphasize the role of blueprinting in enhancing the coherence
and relevance of assessments.21 Furthermore, the interview
identified key challenges in the implementation of

blueprinting, primarily due to the initial lack of support from
faculty. This resistance was largely due to unfamiliarity with
the blueprinting process and concerns about the perceived
additional workload. These findings align with existing
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literature which highlighted that exam officers often face
challenges due to resource limitations, including insufficient
training of faculty.22 Such limitations can significantly hinder
the creation of effective blueprints and the smooth
implementation of the process. Overcoming this resistance
required targeted efforts to familiarize faculty with the
benefits and procedures of blueprinting.
Limitations of the study: As the data is derived from a
single site, this limit this study. Additionally, our feedback
data, consisting solely of faculty self-ratings, may not
accurately reflect actual practices. Despite these limitations,
we believe this study warrants publication as it offers valuable
guidance and a framework for developing a valid exam
bank, particularly within the curricular structure in Pakistan.
Ongoing research by the authors on the blueprinting of
assessment of skills and attitudes and its impact on students'
learning will provide further elaboration.
CONCLUSION:
This study outlined a methodical approach to the quality
assurance process of written examinations within an
undergraduate medical curriculum, guiding the development
of a reliable bank of multiple-choice questions (MCQs).
The experiences and satisfaction of the faculty and
examination department officials highlighted the notion that
exam blueprints are instrumental in aligning exams with
educational objectives, thereby improving the quality and
effectiveness of assessments. Additionally, the importance
of clear guidelines, adequate resources, and strong
institutional support are critical in the successful
implementation of such an endeavor. While initial challenges
were present, the overall positive outcomes indicated that
blueprinting was a valuable tool in educational assessment,
contributing to the validity and fairness of exams.
Moreover, it is recommended that providing continued
training, coupled with institutional support, is essential for
establishing and sustaining initiatives to build validity
evidence of exams through the blueprinting process. In
addition, there is a need to investigate the long-term effects
of blueprinting on student outcomes and faculty satisfaction.
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Review Article

ABSTRACT
In the 21st century, advances in computer technology and data science have brought significant innovation to orthodontics,
especially through Artificial Intelligence (AI) and Machine Learning (ML). This study, conducted from July 2 to August
15, 2024, in the Orthodontic Department at Rawal Institute of Health Sciences Islamabad, reviews AI’s transformative role
in dentistry, focusing on its applications, benefits, and challenges. A comprehensive literature search across PubMed and
Google Scholar yielded 260 peer-reviewed articles from 2001 to 2024. After applying stringent selection criteria, the review
focused on AI's historical development, applications, and limitations in orthodontics. While AI enhances diagnostic imaging
and patient care, it cannot replace clinical expertise. Key challenges include patient privacy, data security, and ethical
considerations. AI systems rely heavily on high-quality data, necessitating rigorous training. Therefore, AI should be viewed
as an adjunct in orthodontics, providing a “second opinion” to support clinical decisions.
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large-scale data.6 Until recently, artificial intelligence (AI)
primarily operated within the realm of narrow intelligence
and supervised learning, such as automated cephalometric
point recognition, tooth segmentation from 3D files, and
orthodontic treatment staging. The next advancement involves
developing neural networks emulating general intelligence
akin to human cognition. Utilizing powerful computers and
sophisticated algorithms, these networks will learn to diagnose
orthodontic issues and plan treatments, ultimately suggesting
optimal strategies for enhanced outcomes and greater
predictability.7 AI is mainly based on electronic data,which
is not biological in nature.8 Integrating patient autonomy,
informed consent, ethics, and morality into AI remains
challenging, as these are inherently human attributes. While
AI serves as a tool within electronic systems, it lacks the
ability to recognize patient autonomy, personal identity, or
well-being. Additionally, the collection and sharing of vast
amounts of data raise significant concerns regarding safety,
privacy, and ethics.9 (Medical healthcare data is among at
the most sensitive and confidential). Incorporating AI into
routine medical and dental care necessitates careful
consideration of issues related to the public sector, patient
privacy, and the autonomy rights of patients. A thorough
understanding of the possible adverse impacts of AI in
dentistry could potentially reshape the current trajectory of
its adoption. Furthermore, the future of dental healthcare
may increasingly prioritize human-centered AI, focusing on
patient well-being, ethical transparency, and respect for
patient autonomy.10 Such an approach would encourage
responsible AI development, aligning technology more
closely with the specific needs and rights of patients within
the field of dental care.

INTRODUCTION:
In the 21st century, we are witnessing unprecedented
advancements in computer technologies and data science,
which hold significant potential for applications in
orthodontics. One such innovation is Artificial Intelligence
(AI), defined as the replication of human cognitive abilities
within a machine that is designed to simulate human thought
processes.1 Arthur Samuel coined the term "Machine
Learning" (ML), a branch of AI focused on developing
algorithms and statistical models that enables computer to
learn from historical data and predict conclusions, or decisions
without requiring explicit human intervention.2

A major leap in this domain occurred with the rise of
hypercomputers and the shift from central processing units
(CPUs) to graphic processing units (GPUs), which facilitated
the handling of vast data—commonly named as "Big Data."
The concept of Big Data gained prominence in the early
2000s following Laney's publication that introduced volume,
velocity, and variety. Since then, the continuous collection
of data has resulted in an ever-growing dataset that fuels
innovation.3,4

In past few years, deep learning has revolutionized machine
learning, marking a major advancement in the field.5 Both
AI and deep learning have gained immense traction in
dentistry, where they rely extensively on the availability of
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METHODOLOGY:
A comprehensive search was conducted using the PubMed
and Google Scholar databases, targeting peer-reviewed
articles published between 1st July 2001 and 30th June 2024.
The search employed keywords such as “Hazards of Artificial
Intelligence,” “Hazards of Artificial Intelligence in Dentistry,”
“Artificial Intelligence in Orthodontics: Pros and Cons,”
“Application and Challenges of Artificial Intelligence in
Orthodontics,” and “Limitations of Artificial Intelligence in
Dentistry,” yielding 88, 78, 15, 12, and 67 papers, respectively.
This review article is organized following a meticulous
analysis and examination of the pertinent literature available
in the English language. Duplicates, studies involving
animals, in vitro experiments, case reports, pilot studies,
and redundant or irrelevant data were excluded. The
remaining material was carefully reviewed and incorporated
into this article. The final selection of articles included those
covering the historical development, applications, challenges,
and limitations of AI, with a focus on systematic reviews,
meta-analyses, and original research articles.
DISCUSSION:
Functioning of Artificial Neural Networks
An Artificial Neural Network (ANN) is a machine learning
technique inspired by biological neurons, processing input
data through multiple layers to produce output. Variants
include Deep Neural Networks (DNNs), which have many
hidden layers for complex feature extraction, and
Convolutional Neural Networks (CNNs), which use filters
to capture spatial information. Generative Adversarial
Networks (GANs) generate new data that closely resembles
the input data.10

Neural networks consist of nodes, or neurons, connected by
links that represent the "weights," indicating their influence
(figure 1). Each node corresponds to a variable, mirroring
the columns in a data table. Inputs such as overbite, overjet,
and crowding start with random weights (0 to 1%) and are
linked to input nodes that compute correlations.To improve
learning, extra "hidden layers" are added, forming deep
learning neural networks that enhance prediction accuracy.
These networks detect patterns and calculate the probability
of correct outcomes, with the final diagnosis determined by

input data volume and assigned weights.For neural networks
to function effectively, large datasets must be properly
labeled and weighted.11

Data safety
AI relies heavily on comprehensive computer knowledge,
with data protection, extraction quality, and reliability being
pivotal concerns. Storing such vast amounts of data
necessitates significant investment in large-scale solutions
such as cloud storage or data-sharing systems. To ensure
consistency and improve accuracy, data collection formats
must be standardized from the outset. Unfortunately, existing
healthcare databases are not yet sufficiently advanced. Due
to the limited availability of high-quality digital data, less
than 20% of global medical data has been accessible for use
in AI machine learning algorithms.12 For instance, common
limitations in databank analysis, such as unverified diagnosis
codes, incomplete information on disease severity, lifestyle
factors, habits, and unmeasured confounders, are notable
challenges when utilizing Taiwan’s National Health Insurance
Research Database.13

Patient handling:
Orthodontic treatment typically extends over 3-4 years,
making patient management a critical concern. While AI
models present impressive potential, they still require ongoing
human oversight, as errors can occur during patient care.In
orthodontics, the adoption of AI has led to the creation of
various AI-based programs, such as WeDoCeph (Audax,
Ljubljana, Slovenia), WebCeph (Assemble Circle, Seoul,
Republic of Korea), and CephX (ORCA Dental AI, Las
Vegas, NV, USA). These systems can automatically identify
cephalometric landmarks, compute angles and distances,
and generate cephalometric reports with significant
findings.However, this accessibility has also sparked concerns
about patient safety, especially when AI is used for diagnosis
and treatment.14Being inherently machine- and software-
based, AI lacks the capacity for interpersonal relationships,
such as empathy and compassion toward patients. This
introduces ethical and security risks, as patient confidentiality
becomes more challenging to uphold when sensitive
information is stored within systems.15

AI models without robust quality control are prone to data
errors, outliers, and sudden trend shifts. Additionally, poor
integration with clinical workflows limits their ability to
adapt to changing data. Concerns also arise over AI
reinforcing racial or socioeconomic disparities in healthcare.
To address these challenges, AI systems must be built for
continuous learning and adaptation.16 As with any medical
technology, the establishment of a robust AI governance
framework is essential to maintain result accuracy and ensure
patient safety.17 Continuous evaluation of algorithm
performance is crucial to prevent degradation and to enable
timely intervention when necessary.One of the most troubling
facets of the unpredictable behavior exhibited by AI-driven

Figure 1: Simple neural network showing the input layer, the
hidden layer, and the output layer.11
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diagnostic algorithms within clinical settings is their failure
to identify and address issues as they occur. In the absence
of robust internal monitoring systems, these algorithms may
yield inaccurate outputs alongside valid ones. This
unpredictability poses a significant risk of patient harm,
often occurring without the awareness of the clinical staff,
local system administrators, or the manufacturers involved.18

Orthodontic treatment need
The need for orthodontic treatment is determined using
standardized indices that assess various diagnostic factors,
mainly focusing on the positioning of teeth. Recently, a new
multicentric benchmarking dataset was created to compare
AI-based tooth segmentation and labeling models, following
the “3DTeethSeg’22 challenge.” This dataset includes 1,800
labeled intraoral scans from three different commercially
available scanners to improve generalization. The leading
model achieved an impressive segmentation accuracy of
0.99. However, even with these advancements in automated
tooth evaluation, deciding on the necessity for orthodontic
treatment is still challenging, particularly in borderline cases.
This complexity is exacerbated by significant interexaminer
variability, with kappa values ranging from 0.16 to 0.37 for
remote evaluations and 0.22 to 0.38 for on-site assessments.
Such variability creates challenges for training models and
affects the integration of AI into orthodontic evaluations.19

Growth analysis
A crucial aspect of designing an orthodontic treatment plan
involves analyzing growth patterns and estimating biological
age. Several methods can be employed to determine a
patient’s developmental stage, with one of the most widely
used being the evaluation of cervical vertebrae stages (CVS)
through lateral cephalometric radiographs.20  In a study by
Kök et al.21 seven AI algorithms commonly used for
classification were compared: k-nearest neighbors (k-NN),
Naive Bayes (NB), decision tree (Tree), artificial neural
networks (ANN), support vector machine (SVM), random
forest (RF), and logistic regression (Log.Regr.). Logistic
regression performed the worst in identifying stages CVS1,
CVS4, CVS5, and CVS6, often misclassifying CVS4 as
CVS3 and CVS5 as CVS4. All algorithms, except for ANN,
had difficulties consistently and accurately classifying the
stages. However, ANN struggled specifically with correctly
identifying CVS5. The confusion matrices revealed ANN's
classification accuracy for each stage as follows: CVS1
(93%), CVS2 (89.7%), CVS6 (78%), CVS3 (68.8%), CVS4
(55.6%), and CVS5 (47.4%).
Cephalometric analysis
AI tools have the capability to analyze images obtained from
a wide range of imaging modalities, including X-rays and
MRIs. Cephalometric analysis and pretreatment imaging
are vital in orthodontics, making the field ideal for AI
integration. Various AI programs, like WeDoCeph, WebCeph,
and CephX, can automatically identify cephalometric

landmarks, calculate angles and distances, and produce
detailed reports. Additionally, these AI tools are now available
on mobile platforms, enhancing accessibility and ensuring
global users have equal access.However, it is essential to
acknowledge the limitations of AI in cephalometric analysis.
Currently, these systems still fall within the scope of
supervised machine learning. Common errors in AI-assisted
cephalometric analysis include tracing inaccuracies, errors
in landmark identification, and miscalculations in
measurements.22 With respect to automated landmark
identification, challenges persist, such as variations in
individual skeletal structures, image blurring caused by
device-specific projection magnifications, and image
complexity due to overlapping contralateral structures.23

Even minor errors in these processes can lead to
misclassification, ultimately resulting in potential
misdiagnoses.
Radiographic errors are significantly high for several hard
tissue landmarks, such as the posterior nasal spine, lower
incisor, articular, pterygomaxillary fissure, and upper incisor,
even with advanced techniques.24 Identifying these points
is difficult due to the complexities caused by varying X-ray
projections on the left and right sides of the craniofacial
structure. In cases of malocclusion, the presence of open
root apices and dental crowding further reduces the accuracy
of AI detection for both upper and lower incisors.25

Research conducted by Duran et al. using automatic
cephalometric analysis software, including OrthoDx™ and
WebCeph, supports these observations.26 Landmarks such
as the basion and orbitale are typically regarded as challenging
to identify and are often considered unreliable in
cephalometric assessments. Additionally, finding the porion
is difficult due to various radiolucencies in the area that can
mimic the internal auditory meatus.27 Regarding soft tissue
landmarks, points such as pronasale, subnasale, and pogonion
exhibit lower accuracy, often due to increased darkness or
reduced brightness in these areas compared to others.28

Diagnosis and Treatment Planning
Extraction Decision Making
One of the most intricate challenges in orthodontic treatment
is deciding whether extractions are needed for a particular
case. This decision is influenced by several factors, including
the specific orthodontic issue, patient preferences, expected
results, sociocultural factors, and the orthodontist's
professional viewpoint. These elements all play a role in
shaping the patient’s perspective on the recommended
extraction therapy.29,30 Additionally, the orthodontist’s
decision-making is influenced by their experience, training,
and clinical philosophy.31These variables make the extraction
decision particularly difficult, even for seasoned practitioners.
Moreover, treatment recommendations can significantly
differ among experts, particularly in borderline cases, further
complicating the extraction decision process.32
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In recent years, various AI tools have emerged to aid in
orthodontic treatment decisions.33,34 Initial research on AI-
assisted extraction decision-making has shown promising
results, with AI systems aligning with expert evaluations
over 80% of the time.35 For example, a study by Xie et al.36

found an 80% agreement between AI predictions and expert
opinions on extraction decisions, although it was based on
just 20 cases. Similarly, Jung and King37 assessed an artificial
neural network (ANN) that achieved 93% accuracy in
distinguishing between extraction and non-extraction cases
using 12 cephalometric variables, along with an 84% success
rate in identifying specific extraction patterns.Semerci et
al.38 reported comparable outcomes, with 94% accuracy in
differentiating extraction scenarios, 84.2% for extraction
patterns, and 92.8% for anchorage patterns. These studies
emphasized key factors for predicting treatment outcomes,
including upper arch crowding, positioning of anterior teeth,
lower incisor inclination, overjet, overbite, and lip closure
ability.
However, it's important to recognize significant limitations
in these studies that could introduce bias. For example, the
AI systems were trained on data from a small group of
experts, which may only represent their individual treatment
philosophies without proper validation. Additionally, critical
dental factors like extensive fillings, periapical lesions,
periodontal issues, previous root canal treatments, and tooth
loss were not considered.
Given these limitations, reaching a conclusive decision on
orthodontic extractions can be difficult, particularly in
borderline cases. Various factors, such as systemic diseases,
ongoing growth, and patients’ primary concerns, can influence
the extraction decision. Therefore, the Arch Length
Discrepancy (ALD) value should not be the sole criterion
for determining extractions but rather one of several
considerations when addressing overcrowding.39,40 In cases
of bimaxillary protrusion, midline discrepancies, profile
improvements, orthognathic surgery, and other aesthetic
factors, extraction may be necessary despite the normal
ALD value.41 Orthodontists develop treatment plans not
only based on clinical data but also on their accumulated
experiences, which may include biases from past outcomes.
This indicates that treatment strategies can be shaped by a
clinician’s personal experiences, background, philosophy,
aesthetic preferences, and educational influences.43

Considering these limitations, it's crucial to recognize that
reaching a conclusive decision about orthodontic extraction
therapy can be complex, particularly in borderline situations.
Numerous factors influence the extraction decision in
orthodontic treatment planning, including systemic health
conditions, ongoing growth, and patients' primary concerns.
As such, the Arch Length Discrepancy value alone cannot
serve as the sole criterion for extraction but should be
considered a primary factor when addressing crowding
issues39,40 Even with a normal ALD value, tooth extraction

may be required for cases like bimaxillary protrusion,
correcting midline discrepancies, improving facial profiles,
orthognathic surgery, or other aesthetic factors. Orthodontists
create treatment plans that consider clinical data as well as
their own experiences and possible biases from prior cases.
As a result, these plans can be shaped by the clinician's
personal history, educational background, treatment
philosophy, aesthetic preferences, and the institutions they
are associated with.41To effectively address specific
malocclusions with numerous variables, software must
gather and learn from extensive data. This is necessary for
determining and implementing the most suitable treatment
approach. Typical AI models, developed using narrow and
specific datasets, often struggle to perform adequately across
a broad spectrum of information.42 Currently, the entire
dental field, encompassing orthodontics, is deficient in
curated "benchmarking" datasets that facilitate the testing
of AI software on standardized, representative data, thereby
enabling meaningful comparisons among various
applications. Additionally, the absence of uniform reporting
metrics further complicates the evaluation and comparison
of orthodontic AI technologies.43 Validation of the AI models
for orthodontic treatment planning remains crucial and is
currently lacking. Data sets are constructed using unicentric
data; in some studies, only 1 expert provided the treatment
decisions.30,35 Moreover, the excessive use of AI in orthodontic
diagnosis and treatment planning may hinder the development
of critical thinking and learning skills in young, inexperienced
practitioners. Another concern is the lack of transparency
and accountability. The decision-making processes of AI
systems can be opaque, making it challenging to provide
explanations or hold them responsible for their outcomes.44-

46

Orthognathic surgery
Research on AI in orthognathic surgery treatment planning
is limited but promising.47 Knoops et al.48 utilized a 3D
morphable model (3DMM) to automatically diagnose
patients, evaluate their risk levels, and generate simulations
for treatment plans, achieving 95.5% sensitivity and 95.2%
specificity, with an average accuracy of 1.1 ± 0.3 mm.
Meanwhile, Chung et al.49 developed a method using a
DeepPose regression neural network to align CBCT images
with optically scanned models, improving accuracy by
33.09% over previous leading techniques. Additionally, Choi
et al.35 demonstrated a model that effectively predicted the
need for surgery and outlined extraction plans for surgical
patients, with accuracy rates between 88% and 97%.
A systematic review conducted by Salazar et al.50 highlights
that current research findings are challenging to generalize
because of considerable heterogeneity. For example, profile
preferences vary among different ethnic groups, including
Asians, Europeans, and Black individuals. The authors noted
that although AI has the potential to be a useful tool in
orthognathic surgery planning, human judgment remains
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essential for making final decisions.
Miscellanious Hazards
Artificial intelligence (AI) presents ethical challenges,
particularly in healthcare, where concerns arise about
autonomy and decision-making, exemplified by the use of
autonomous surgical robots.51,52 The automation of tasks
like image analysis and patient data processing by AI can
result in job losses and unemployment.53

A major challenge in current orthodontic AI research is its
limited generalizability. Due to significant variations in
outcomes, metrics, and the lack of standardized datasets,
comparing AI across different studies and tasks is extremely
difficult. Only a few AI applications in orthodontics have
reached full clinical maturity and received regulatory
approval.54 Pianykh55 highlights several key unresolved
issues, starting with reproducibility; AI models are often
trained on specific, narrow datasets, limiting their
effectiveness across diverse data. Additionally, there are
concerns about privacy, safety, and health disparities,
particularly regarding AI algorithms that may exacerbate
racial or income inequalities. Furthermore, these models
can perpetuate biases from their training data, leading to
inaccurate diagnoses or treatment for certain demographic
groups.56

The lack of transparency and accountability in AI systems
makes it challenging to understand their decision-making
processes, complicating efforts to explain or hold them
accountable.57There is also a risk of over-reliance on
technology, where healthcare professionals may become too
dependent on AI, potentially losing the ability to complete
tasks without its assistance.58 Furthermore, AI systems may
struggle to grasp context and have difficulty understanding
the nuances and subtleties of human health and disease.
Future Implications
Unsupervised learning is a more complex approach where
the data lacks labels or classifications. In this method,
algorithms are trained to recognize patterns and suggest
possible outcomes from the data provided. In orthodontics,
unsupervised learning is being increasingly applied to analyze
large datasets of malocclusion cases, enabling computers to
predict the most effective treatment options.59 In today’s
digital era, the phrase "data is power" highlights the
importance of ensuring that orthodontic data is protected
with the same rigor as medical information, which cannot
be shared without prior consent regarding its use. When
shared responsibly, the extensive data collected in orthodontic
practices, combined with deep neural networks, has great
potential to advance the field.Moreover, robotic systems
have emerged as invaluable assets, assisting clinicians during
surgeries and intricate procedures. Driven by artificial
intelligence, these robotic technologies can perform delicate
tasks with remarkable precision, leading to improved patient
outcomes. The integration of AI with robotics significantly

reduces the risk of human error in dentistry, enhancing the
accuracy of procedures beyond what traditional methods
can achieve.60

CONCLUSION:
Undoubtedly, AI has the potential to revolutionize medicine,
particularly in the field of diagnostic imaging, including
orthodontics. However, AI cannot replace clinical acumen
or input of a dentist or radiologist. It is an aid and will always
be. Also, every AI tool in dentistry is trained based on
annotations by calibrated dental professionals (especially
in the deep learning space).  If we can trust the reading from
electronic sphygmomanometer then there is no reason why
similar tools if created in dentistry should not be trusted and
accepted to be accurate especially if it has gone through
rigorous reliability and validity checks. Errors and Bias in
prediction from AI is often introduced by humans during
the training process. It  still follows the idea of “garbage in
, garbage out”. If it is fed with faulty data, the output is
going to be faulty. Finally, it is important not to be over
reliant on AI as a diagnostic tool. It should only be used as

Authors Contribution:
Sadia Naureen: Conception, design, Introduction and
discussion

REFERENCES
1. M‘hamed J,  Dallel I, Tobji S, Ben Amor A. The Impact of

Artificial Intelligence on Contemporary Orthodontic Treatment
Planning - A Systematic Review and Meta-Analysis. Sch J
Dent Sci. 2022 ;(5): 70-87. Doi:10.36347/sjds. 2022.v09i05
.001.

2. Agrawal P, Nikhade P. Artificial Intelligence in Dentistry:
Past, Present, and Future. Cureus. 2022 ;14(7):e27405. doi:
10.7759/cureus.27405.

3. Nayak S ,Patgiri R, Doren Singh T. Big Computing: Where
are we heading? TD.EAI Endorsed Transactions on Scalable
Information Systems.2020;7(27):e9. https://doi.org/10.
4108/eai.13-7-2018.163972.

4. Ng Kam. (2024). Big Data: Understanding and Implementation
in the Data-Driven Era. https://www.researchgate. net/
publication/377359928.

5. Soori M, Arezoo B,Dastres R.Artificial intelligence, machine
learning and deep learning in advanced robotics, a
review.Cognitive Robotics.2023;3:54-70.https://doi.org/
10.1016/j.cogr.2023.04.001.

6. Fatima A, Shafi I, Afzal H, Díez IT, Lourdes DRM, Breñosa
J, Espinosa JCM, Ashraf I. Advancements in Dentistry with
Artificial Intelligence: Current Clinical Applications and
Future Perspectives. Healthcare (Basel). 2022;10(11):2188.
doi: 10.3390/healthcare10112188.

7. Nordblom NF, Büttner M, Schwendicke F. Artificial
Intelligence in Orthodontics: Critical Review. J Dent Res.
2024;103(6):577-84. doi: 10.1177/00220345241235606.

8. Bhardwaj A, Kishore S, Pandey DK. Artificial Intelligence
in Biological Sciences. Life (Basel). 2022;12(9):1430. doi:
10.3390/life12091430.

Page-57JBUMDC 2025;15(1):53-59

Sadia Naureen



9. Arbelaez Ossa L, Lorenzini G, Milford SR, Shaw D, Elger
BS, Rost M. Integrating ethics in AI development: a qualitative
study. BMC Med Ethics. 2024 Jan 23;25(1):10. doi: 10.1186/
s12910-023-01000-0.

 10. Huang YK, Hsu LP, Chang YC. Artificial intelligence in
clinical dentistry: The potentially negative impacts and future
actions. J Dent Sci. 2022;17(4):1817-1818. doi: 10.1016/
j.jds.2022.07.013.

11. Retrouvey JM. The role of AI and machine learning in
contemporary orthodontics. APOS Trends Orthod.
2021;11(1):74-80. DOI:10.25259/APOS_148_2020.

12. Khalid N, Qayyum A, Bilal M, Al-Fuqaha A, Qadir J.Privacy-
preserving artificial intelligence in healthcare: Techniques
and applications,Computers in Biology andMedicine.
2023;158:106848.

13. Yu HC, Chen TP, Chang YC. Inflammatory bowel disease as
a risk factor for periodontitis under Taiwanese National Health
Insurance Research database. J Dent Sci. 2018;13(3):242-47.
doi: 10.1016/j.jds.2018.03.004.

14. Kazimierczak N, Kazimierczak W, Serafin Z, Nowicki P,
No¿ewski J, Janiszewska-Olszowska J. AI in Orthodontics:
Revolutionizing Diagnostics and Treatment Planning-A
Comprehensive Review. J Clin Med. 2024 ;13(2):344. doi:
10.3390/jcm13020344.

15. Hung K, Montalvao C, Tanaka R, Kawai T, Bornstein MM.
The use and performance of artificial intelligence applications
in dental and maxillofacial radiology: A systematic review.
Dentomaxillofac Radiol. 2020 ;49(1):20190107. doi: 10.1259
/dmfr.20190107.

16. Aldoseri A, Al-Khalifa KN, Hamouda AM. Re-Thinking Data
Strategy and Integration for Artificial Intelligence: Concepts,
Opportunities, and Challenges. Applied Sciences. 2023;
13(12):7082. https://doi.org/10.3390/app13127082

17. Baelum V, Borchorst E, Buch H, Dømgaard P, Hartig LE.
Inter-examiner variability in orthodontic treatment decisions
for Danish children with 'borderline' treatment need. Eur J
Orthod. 2012 ;34(2):250-6. doi: 10.1093/ejo/cjq195.

18. Larson DB, Harvey H, Rubin DL, Irani N, Tse JR, Langlotz
CP. Regulatory Frameworks for Development and Evaluation
of Artificial Intelligence-Based Diagnostic Imaging Algorithms:
Summary and Recommendations. J Am Coll Radiol. 2021
Mar;18(3 Pt A):413-424. doi: 10.1016/j.jacr.2020.09.060.

19. Ben-Hamadou A, Smaoui O, Rekik A, Pujades S, Boyer E,
Lim H, Kim M, Lee M, Chung M, Shin Y-G, et al. 2023.
3DTeethSeg’22: 3D teeth scan segmentation and labeling
challenge [accessed 2023 Jul 26]. doi:10.48550/ arXiv.2305.
18277.

20. Amasya H, Cesur E, Yýldýrým D, Orhan K. Validation of
cervical vertebral maturation stages: Artificial intelligence vs
human observer visual analysis. Am J Orthod Dentofacial
Orthop. 2020;158(6):e173-e179. doi: 10.1016/j.ajodo. 2020.
 08.014.

21. Kök H, Acilar AM, Ýzgi MS. Usage and comparison of
artificial intelligence algorithms for determination of growth
and development by cervical vertebrae stages in orthodontics.
Prog Orthod. 2019 ;20(1):41. doi:10.1186/s40510-019-0295-
8.

22. Shahidi S, Oshagh M, Gozin F, Salehi P, Danaei SM. Accuracy
of computerized automatic identifcation of cephalometric
landmarks by a designed software. Dentomaxillofac Radiol.
2013;42:20110187. https://doi.org/10. 1259/dmfr.20110187.

23.  Forsyth DB, Shaw WC, Richmond S, Roberts CT. Digital
imaging of cephalometric radiographs, Part 2: Image quality.
Angle Orthod. 1996;66(1):43-50. doi: 10.1043/0003-
3219(1996)066<0043:DIOCRP>2.3.CO;2.

24. Patel KS, Kulkarni N, Singh VP, Parikh K. Identifcation of
an alternate maxillary apical base landmark from pre-existing
substitutions. Acta Inform Med. 2014;22:347–9. https://doi.org/
10.5455/aim.2014.22.347-349.

25. Oh K, Oh IS, Le VNT, Lee DW. Deep anatomical context
feature learning for cephalometric landmark detection. IEEE
J Biomed Health Inform.2021;25:806–17. https://doi.org/
10.1109/JBHI.2020.3002582.

25. Ye, H., Cheng, Z., Ungvijanpunya, N. et al. Is automatic
cephalometric software using artificial intelligence better than
orthodontist experts in landmark identification?. BMC Oral
Health. 2023; 23 : 467. https://doi.org/10.1186/s12903-023-
03188-4.

27. Wang CW, Huang CT, Lee JH, Li CH, Chang SW, Siao MJ,
Lai TM, Ibragimov B, Vrtovec T, Ronneberger O, Fischer P,
Cootes TF, Lindner C. A benchmark for comparison of dental
radiography analysis algorithms. Med Image Anal.
2016;31:63–76. https://doi.org/10.1016/j.media.2016.02.004.

28. Ploder O, Kohnke R, Winsauer H, Gotz C, Bissinger O, Haller
B, Kolk A. Skeletal-versus soft-tissue-based cephalometric
analyses: Is the correlation reproducible? Acta Odontol Scand.
2019;77:135–41. https://doi.org/ 10.1080/00016357. 2018.
1515443.

29. Al-Ani MH, Mageet AO. Extraction Planning in Orthodontics.
J Contemp Dent Pract. 2018 May 1;19(5):619-23. PMID:
29807975.

30. Real AD, Real OD, Sardina S, Oyonarte R. Use of automated
artificial intelligence to predict the need for orthodontic
extractions. Korean J Orthod. 2022 ;52(2):102-111. doi:
10.4041/kjod.2022.52.2.102.

31. Evrard A, Tepedino M, Cattaneo PM, Cornelis MA. Which
factors influence orthodontists in their decision to extract? A
questionnaire survey. J Clin Exp Dent. 2019 ;11(5):e432-
e438. doi: 10.4317/jced.55709.

32. Chambers DW, Thakkar D. Consistency of orthodontists'
clinical decisions: A systematic review, meta-analysis, and
theory development. Am J Orthod Dentofacial Orthop. 2022
;161(4):497-509.e4. doi: 10.1016/j.ajodo.2021.05.009.

33. Evangelista K, de Freitas Silva BS, Yamamoto-Silva FP,
Valladares-Neto J, Silva MAG, Cevidanes LHS, de Luca
Canto G, Massignan C. Accuracy of artificial intelligence for
tooth extraction decision-making in orthodontics: a systematic
review and meta-analysis.  Clin Oral  Investig.
2022;26(12):6893-6905. doi: 10.1007/s00784-022-04742-0.

34. Liu J, Chen Y, Li S, Zhao Z, Wu Z. Machine learning in
orthodontics: Challenges and perspectives. Adv Clin Exp
Med. 2021;30(10):1065-74. doi: 10.17219/acem/138702.

35. Choi HI, Jung SK, Baek SH, Lim WH, Ahn SJ, Yang IH,
Kim TW. Artificial Intelligent Model With Neural Network
Machine Learning for the Diagnosis of Orthognathic Surgery.
J Craniofac Surg. 2019;30(7):1986-1989. doi: 10.1097/SCS
.0000000000005650. Erratum in: J Craniofac Surg.
2020;31(4):1156. doi: 10.1097/SCS.0000000000006531.

36. Xie X, Wang L, Wang A. Artificial neural network modeling
for deciding if extractions are necessary prior to orthodontic
treatment. Angle Orthod. 2010 ;80(2):262-6. doi: 10.2319/
111608-588.1.

Page-58JBUMDC 2025;15(1):53-59

Limitations of Artificial Intelligence in Orthodontics. Literature Review



37.  Jung SK, Kim TW. New approach for the diagnosis of
extractions with neural network machine learning. Am J
Orthod Dentofacial Orthop. 2016;149(1):127-33. doi:
10.1016/j.ajodo.2015.07.030.

38. Semerci ZM, Yardýmcý S. Empowering Modern Dentistry:
The Impact of Artificial Intelligence on Patient Care and
Clinical Decision Making. Diagnostics (Basel). 2024 Jun
14;14(12):1260. doi: 10.3390/diagnostics14121260.

39. Carey CW. Linear arch dimension and tooth size; an evaluation
of the bone and dental structures in cases involving the possible
reduction of dental units in treatment. Am J Orthod. 1949
;35(10):762-75. doi: 10.1016/0002-9416(49)90148-7.

40. Saghafi N, Heaton LJ, Bayirli B, Turpin DL, Khosravi R,
Bollen AM. Influence of clinicians' experience and gender
on extraction decision in orthodontics. Angle Orthod. 2017
;87(5):641-50. doi: 10.2319/020117-80.1.

41. Chikankar T, Kaiser J, Gupta K, Kamble R. Non-extraction
Approach in a Borderline Case of a Growing Patient: A Case
Report. Cureus. 2024 Jun 11;16(6):e62195. doi:
10.7759/cureus.62195.

42. Rauf AM, Mahmood TMA, Mohammed MH, Omer ZQ,
Kareem FA. Orthodontic Implementation of Machine Learning
Algorithms for Predicting Some Linear Dental Arch
Measurements and Preventing Anterior Segment Malocclusion:
A Prospective Study. Medicina (Kaunas). 2023 Nov
9;59(11):1973. doi: 10.3390/medicina59111973.

43. Arsiwala-Scheppach LT, Chaurasia A, Müller A, Krois J,
Schwendicke F. Machine Learning in Dentistry: A Scoping
Review. J Clin Med. 2023 Jan 25;12(3):937. doi: 10.3390/
jcm12030937.

44. Felzmann H, Fosch-Villaronga E, Lutz C, Tamò-Larrieux A.
Towards Transparency by Design for Artificial Intelligence.
Sci Eng Ethics. 2020 ;26(6):3333-3361. doi: 10.1007/s11948-
020-00276-4.

45. Daneshjou R, Smith MP, Sun MD, Rotemberg V, Zou J. Lack
of Transparency and Potential Bias in Artificial Intelligence
Data Sets and Algorithms: A Scoping Review. JAMA Dermatol.
2021 ;157(11):1362-1369. doi: 10.1001/ jamadermatol. 2021.
3129.

46. Haibe-Kains B, Adam GA, Hosny A, Khodakarami F; Massive
Analysis Quality Control (MAQC) Society Board of Directors;
Waldron L, Wang B, McIntosh C, Goldenberg A, Kundaje A,
Greene CS, Broderick T, Hoffman MM, Leek JT, Korthauer
K, Huber W, Brazma A, Pineau J, Tibshirani R, Hastie T,
Ioannidis JPA, Quackenbush J, Aerts HJWL. Transparency
and reproducibility in artificial intelligence. Nature. 2020
;586(7829):E14-E16. doi: 10.1038/s41586-020-2766-y.

47. Sharma, Anju & Kaur, Ginpreet & Tuli, Hardeep Singh &
Chhabra, Raunak & Rana, Rashmi. (2024). Advent of artificial
intelligence in orthognathic surgery: Advancements and
challenges. Scripta Medica.2024;55:231-43. 10.5937/
scriptamed55-46960.

48. Knoops PGM, Papaioannou A, Borghi A, Breakey RWF,
Wilson AT, Jeelani O, Zafeiriou S, Steinbacher D, Padwa BL,
Dunaway DJ, Schievano S. A machine learning framework
for automated diagnosis and computer-assisted planning in
plastic and reconstructive surgery. Sci Rep. 2019;9(1):13597.
doi: 10.1038/s41598-019-49506-1.

49. Chung M, Lee J, Song W, Song Y, Yang IH, Lee J, Shin YG.
Automatic Registration Between Dental Cone-Beam CT and
Scanned Surface via Deep Pose Regression Neural Networks
and Clustered Similarities. IEEE Trans Med Imaging. 2020
;39(12):3900-3909. doi: 10.1109/TMI.2020.3007520.

50. Salazar D, Rossouw PE, Javed F, Michelogiannakis D.
Artificial intelligence for treatment planning and soft tissue
outcome prediction of orthognathic treatment: A systematic
review. J Orthod. 2024;51(2):107-19. doi: 10.1177/1465312523
1203743.

51. Naik N, Hameed BMZ, Shetty DK, Swain D, Shah M, Paul
R, Aggarwal K, Ibrahim S, Patil V, Smriti K, Shetty S, Rai
BP, Chlosta P, Somani BK. Legal and Ethical Consideration
in Artificial Intelligence in Healthcare: Who Takes
Responsibility? Front Surg. 2022;9:862322. doi: 10.3389/
fsurg.2022.862322.

52. Arnold MH. Teasing out Artificial Intelligence in Medicine:
An Ethical Critique of Artificial Intelligence and Machine
Learning in Medicine. J Bioeth Inq. 2021;18(1):121-139. doi:
10.1007/s11673-020-10080-1.

53. Chen N, Li Z, Tang B. Can digital skill protect against job
displacement risk caused by artificial intelligence? Empirical
evidence from 701 detailed occupations. PLoS One. 2022
;17(11):e0277280. doi: 10.1371/journal.pone.0277280.

54. Nordblom NF, Büttner M, Schwendicke F. Artificial
Intelligence in Orthodontics: Critical Review. J Dent Res.
2024;103(6):577-584. doi: 10.1177/00220345241235606.

55. Pianykh OS, Langs G, Dewey M, Enzmann DR, Herold CJ,
Schoenberg SO, Brink JA. Continuous Learning AI in
Radiology: Implementation Principles and Early Applications.
Radiology. 2020 ;297(1):6-14. doi: 10.1148/radiol.2020200038.

56. Peters U. Algorithmic Political Bias in Artificial Intelligence
Systems. Philos Technol. 2022;35(2):25. doi: 10.1007/s13347-
022-00512-8.

57. Ostherr K. Artificial Intelligence and Medical Humanities. J
Med Humanit. 2022 ;43(2):211-232. doi: 10.1007/s10912-
020-09636-4.

58.  Haibe-Kains B, Adam GA, Hosny A, Khodakarami F; Massive
Analysis Quality Control (MAQC) Society Board of Directors;
Waldron L, Wang B, McIntosh C, Goldenberg A, Kundaje A,
Greene CS, Broderick T, Hoffman MM, Leek JT, Korthauer
K, Huber W, Brazma A, Pineau J, Tibshirani R, Hastie T,
Ioannidis JPA, Quackenbush J, Aerts HJWL. Transparency
and reproducibility in artificial intelligence. Nature.
2020;586(7829):E14-E16. doi: 10.1038/s41586-020-2766-y.

59. Wadhwa V, Alagappan M, Gonzalez A, Gupta K, Brown JRG,
Cohen J, Sawhney M, Pleskow D, Berzin TM. Physician
sentiment toward artificial intelligence (AI) in colonoscopic
practice: a survey of US gastroenterologists. Endosc Int Open.
2020 ;8(10):E1379-E1384. doi: 10.1055/a-1223-1926.

60. Zhou C, Pan S, Zhou T, editors. Design and implementation
of software simulation system for dental orthodontic robot
In: IOP Conference Series: Materials Science and Engineering.
Bristol: IOP Publishing; 2019.

Page-59JBUMDC 2025;15(1):53-59

Sadia Naureen



Case Report

ABSTRACT
Dilaceration is a peculiar developmental dental anomaly. It is associated with traumatic events of deciduous teeth affecting
the permanent tooth buds. It is chiefly a precipitous change in the axial inclination between the crown and the root of a
tooth. Dilacerated crown, a rare clinical presentation, is a result of the non-axial displacement of pre-formed hard tissues
of a developing crown at an angle to its longitudinal axis. It conspicuously impacts the appearance of patient. Enamel
hypoplasia is primarily due to the trauma or infection of primary predecessor tooth resulting in a quantitative defect in
enamel of permanent successors. Occasionally, both conditions; dilacerated crown and enamel hypoplasia can occur
concomitantly producing many unpropitious outcomes. This particular case is about a 14-year-old boy presenting to the
Department of Operative dentistry and Endodontics for the esthetic management of anomalous maxillary central incisors.
These anomalous teeth were conservatively managed using direct composite veneers.
Keywords: Dental anomaly, Dilaceration, Enamel hypoplasia
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INTRODUCTION:
Dental anomalies are characteristically aberrant
morphological or histological alterations in the normal shape,
structure, form or number of teeth. They can be developmental
or acquired. Developmental anomalies are localized or
generalized inherited defects during tooth formation.
Dilaceration is a distinctive localized developmental dental
anomaly characterized by abnormal deviation in the normal
angulation of coronal or radicular portion of the tooth. 1

Coronal Dilaceration is an abrupt, non-axial derangement
in the developing crown in response to a traumatic episode
along its longitudinal axis. The etiology of dilaceration can
be categorized into traumatic or ectopic tooth bud
development. The cause is chiefly accredited to dental trauma
in primary predecessors affecting permanent tooth germs
but there is a vast array of clinical scenarios in which no
traumatic cause could be designated as an etiological factor.
A possible explanation could be that majority of pediatric
traumatic events remain unrecognized or merely neglected
by the guardians. 2

Subsequently, another commonly encountered localized,
inherited dental defect is Enamel hypoplasia. It is primarily

linked to trauma or infection of primary predecessor tooth
resulting in a quantitative defect in enamel of permanent
successors. Occasionally, both coronal dilaceration and
hypoplastic enamel defects can occur concomitantly
producing many unpropitious outcomes. 3 The management
of these developmental defects necessitate a strategic
multidisciplinary approach for patient rehabilitation. A
tailored treatment plan has to be devised encompassing
restorative, endodontic, orthodontic and surgical domains
providing high-quality dental care to patients. This not only
ameliorate the symptoms but also enhance the quality of
life. 4 The aim of this case report is to shed light on the
prompt diagnosis and timely intervention of inherited dental
defects. Such anomalies, if managed rationally, can drastically
upgrade the final treatment outcomes.
Case Report
A 14-year-old male patient, resident of Islamabad, reported
to the Outpatient Department of Operative Dentistry and
Endodontics, School of Dentistry, Shaheed Zulfiqar Ali
Bhutto Medical University, Islamabad on 25th July, 2024
with the complaint of deformed upper front teeth and
misaligned dentition. A comprehensive medico-dental history
was documented scrupulously. The patient, escorted by his
father, couldn’t recall any significant history of childhood
illness or dental trauma. Moreover, they reported that the
primary dentition was well-formed but as soon as the
permanent front two teeth erupted, they were disfigured.
They had also previously consulted many dental practitioners
concerning their dental issue. This esthetic concern emanated
considerable psycho-social impact on the patient’s mental
well-being and self-confidence.
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On clinical examination, the extra-oral findings were non-
contributory. On intra-oral examination, the maxillary right
and left central incisors were affected. The coronal portion
of the tooth was displaced palatally. The enamel was
hypoplastic in the middle-incisal third region of the crown.
On palatal aspect of these anomalous teeth, there was a deep
groove depicting carious lesion along the junction of the
dilacerated and non-dilacerated coronal part of the tooth.
The teeth were in Angle Class II malocclusion. Figure 1
depicts the clinical presentation of these malformed maxillary
central incisors. The examination was supplemented by
periapical radiography to investigate for any radicular
anomaly (Figure 2). After cumulating all significant aspects,
the case was diagnosed as Crown Dilaceration with Localized
Enamel Hypoplasia. Dental trauma, despite being a very
common cause, could not be specified as the etiological
factor for this case presentation since, the patient and the
guardian didn’t recollect any episode of childhood accident.
The treatment plan was devised. The case was primarily
managed in three stages. The first stage, Reassurance and
Counselling, was the pivot of management in this case. The

Figure 1. Clinical representation of dilacerated crowns with
localized hypoplastic enamel.

(A) Anterior intra-oral view: The maxillary right and left central
incisors are deformed (dilacerated crowns and hypoplastic enamel

defect involving middle-incisal region of teeth)

(B) Maxillary Occlusal view: The maxillary central incisors are
displaced (bending) palatally. Carious lesions  involving the palatal

aspect of these teeth.

(C)  Right Buccal view: Clinical presentation of palatal curvature
of the crown of right maxillary central incisor. Hypoplastic enamel
defect is involving middle-incisal third region of the tooth.

(D) Left Buccal view: The palatally curved coronal portion of left
maxillary central incisor along with its hypoplastic enamel surface.

Figure 2. Intra-oral Periapical Radiographic representation of
dilacerated crowns of maxillary right and left central incisors

patient and the guardian were meticulously briefed about
the dental issue, its possible causative factors, the cos and
pros of dental intervention, and the anticipated treatment
outcomes. The second stage, Restorative phase, was
fundamentally an interim esthetic intervention for the two
maxillary central incisors till the patient reaches adulthood,
after which the case would be subjected to a definitive
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restorative plan. The Light cure direct composite veneers
were planned as a preferable treatment option in this case.
This was a conservative and practicable option that would
address the esthetic complaint appreciably. The third stage,
Fixed Orthodontic treatment phase, was planned to rectify
the malocclusion. Afterwards, an informed consent form
was signed by the patient with due permission granted by
the guardian.
Succeeding the pre-treatment planning phase, the restorative
intervention was performed under rubber dam isolation.
After the concerned teeth were prepared, an etch-and-rinse
adhesive strategy was accomplished for the esthetic treatment.
Acid etching was performed using Phosphoric acid 35%
(Etchant gel S Coltene, Switzerland) followed by rinsing
and air drying of the affected region of the teeth. Subsequently,
the etched surface was vigorously coated with adhesive
(One Coat Bond SL Coltene, Switzerland) for 20 seconds.
This was followed by another application for 20 seconds.
Afterwards, the adhesive coating was light-cured using an
LED curing light (Woodpecker DTE LUX E Plus,
Woodpecker, China) for 40 seconds. Eventually, the affected
teeth were restored with direct composite veneers using light
cure composite resin (Brilliant NG Universal Nano Composite
Coltene, Switzerland) followed by light curing for 40 seconds.
The final restoration was polished using a Jiffy Original
Composite System (Ultradent, USA). Figure 3 represents
the post-operative clinical presentation of the restored teeth.
The patient was eminently satisfied by the final treatment
outcome. Post-restorative instructions were given and the
patient was referred to the Department of Orthodontics for
the management of maloccluded teeth.
DISCUSSION:
Dental traumatology is an indispensable predicament in oral
public health. Being an emergency situation, it mandates
expeditious intervention to avoid any inauspicious
consequences. Besides medico-dental aspects of traumatic
events, it has a noteworthy psychological impact. Owing to
the contiguity of permanent tooth bud with the apex of the
deciduous tooth, any infection or trauma to the deciduous

teeth can have a crucial impact on the eruption of  permanent
dentition.5 The developmental malformations in the permanent
successors due to dento-alveolar trauma or periapical infection
associated with the deciduous predecessor teeth encompasses
from yellowish-brown discoloration to hypoplastic enamel
defects, coronal dilaceration, radicular duplication or
dilaceration, restricted or absolute arrest of root development,
odontoma-like deformations, sequestration of the permanent
tooth bud, and disruption in the eruption of successor teeth.6

In this particular case report, the patient presented with
localized hypoplastic enamel defect in association with a
dilacerated crown. The coronal portion of the teeth were
palatally displaced where a plaque stagnation site was
established that resulted in the development of a carious
lesion palatally. These anomalous defects were conservatively
managed in accordance with the fundamentals of minimal
intervention adhesive dentistry. T.S. Mellara et al 7 had
reported similar cases of dilacerated teeth that were
conservatively restored utilizing direct composite resin to
reclaim aesthetics and functionality of patients. An analogous
case was reported by Sodhi JS. et al 8 where localized enamel
hypoplasia was co-existent on a dilacerated crown. However,
the coronal displacement was in the labial direction in
opposition to the current case where the crown was displaced
palatally.
Developmental dental malformations, frequently witnessed
in the maxillary arch, have a variable presentation, with
hypoplastic enamel defects being the most commonly
encountered while coronal or radicular dilaceration being
an infrequent clinical finding.5, 9, 10 Dento-alveolar trauma,
despite being a widespread cause of localized dental
anomalies, in this specific case, the patient and the guardian
could not recollect any history of childhood accidents
indicating an idiopathic etiology. However, Topouzelis et
al. 2 have significantly highlighted the fact that many episodes
of dental trauma are either forgotten or unobserved by
parents. Nonetheless, Walia PS. et al.11 have clearly mentioned
in their study that trauma to the predecessor tooth is not the
absolute etiological factor for dilaceration and idiopathic
dental deformations could be a causative factor in case of
unclear evidence of a traumatic event. Regardless of the
etiology behind dental anomalies, these malformations
necessitate early detection, well-planned intervention, and
periodic follow-ups to provide an aesthetic, functional, and
psychological benefit to the patients.
CONCLUSION:
Developmental dental malformations are frequently
encountered findings in clinical settings. They constitute
significant diagnostic, prognostic, and interventional
challenges. Coronal dilaceration, despite being a rare finding,
can produce massive aesthetic and psychological influence
and hence require prompt intervention. These developmental
defects, if not managed timely, can result in loss of tooth
structure, aesthetic problems, endodontic or periodontal

Figure 3. Post-operative clinical depiction of the restored maxillary
central incisors. The anomalous maxillary central incisors were

conservatively managed using direct composite veneers.
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implications, and functional disability in patients. Henceforth,
it is extremely crucial to treat these cases on a priority basis
with a multidisciplinary approach to provide prodigious
dental care to patients.

5. Caeiro-Villasenín L, Serna-Muñoz C, Pérez-Silva A, Vicente-
Hernández A, Poza-Pascual A, Ortiz-Ruiz AJ. Developmental
Dental Defects in Permanent Teeth Resulting from Trauma
in Primary Dentition: A Systematic Review. Int J Environ
Res Public Health. 2022;19(2):754.

6. Avinash A, Dubey A, Khandelwal V, Nayak PA. 'Mend the
bend': a report of two cases of labial dilacerated and palatal
dilacerated crown. BMJ Case Rep. 2013;2013:bcr2013200291.

7. Mellara Tde S, Nelson-Filho P, Queiroz AM, Santamaria
Júnior M, Silva RA, Silva LA. Crown dilaceration in permanent
teeth after trauma to the primary predecessors: report of three
cases. Braz Dent J. 2012;23(5):591-6.

8. Sodhi, Jasmeet & Khambete, Neha & Kumar, Rahul & Sodhi,
Sonia & Abraham, Reji. (2013). Crown Dilaceration of
Maxillary Left Permanent Central Incisor with Localised
Enamel Hypoplasia. J Res Adv Dent. 2. 34.

9. Olatosi OO, Oyapero A, Akinwande KO, Ayedun OS,
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Niger Postgrad Med J. 2022;29(2):167-172.
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Back ground
Obesity has emerged as a global chronic condition that poses
a significant public health issue. The World Health
Organisation (WHO) has reported a significant increase in
obesity rates, which have nearly quadrupled since 1975.1

Thus, it is crucial to consider the significant health risks
associated with this issue, including the potential for
developing type 2 diabetes, cardiovascular diseases,
endocrinal malignancies, and musculoskeletal difficulties.
Furthermore, obesity incurs substantial expenses for
healthcare systems and populations at large.2

Traditional weight loss methods such as dieting and exercise,
while successful in addressing obesity, have shown limited
effectiveness in the long-term.3 Although lifestyle
modifications are the primary strategies in treating obesity,
most individuals struggle to achieve and sustain significant
weight loss with these treatments alone. Several crucial
elements that influence weight reduction include gene
predisposition, metabolic adaption, environmental conditions,
and psychological state.4

Liraglutide; As antidiabetic drug
Liraglutide is a GLP-1 receptor agonist and is derived from
diabetes type 2 medication . It was initially developed for
this purpose, but its unusual action, namely suppressing
hunger and facilitating weight loss, has resulted in its approval
by the FDA for the treatment of obesity.5 Liraglutide functions
by mimicking the effects of naturally occurring GLP-1,
which plays a role in controlling glucose metabolism, insulin
release, and feelings of fullness. Moreover, as Nadkarni et
al. claim, it reduces the intake of calories, slows down
stomach emptying, and speeds up the passage of food through

the intestines, which also results in the activation of the
central nervous system and peripheral tissues.6

Gastric emptying
Gastric emptying is the process by which food is expelled
from the stomach and enters the small intestine.7 The decrease
in the jejunum's functionality is due to the reduced rate of
absorption of nutrients from the digestive tract into the
bloodstream. Consequently, the duration of the feeling of
fullness is extended and the quantity of consumed food is
diminished. During this time frame, liraglutide was found
to slow down the process of stomach emptying.8

Insulin Secretion
Liraglutide exerts various effects on insulin production.
Additionally, it helps regulate hunger and accelerates the
process of emptying the stomach, while also promoting the
secretion of insulin from pancreatic beta cells in response
to elevated blood sugar level.9 Type 2 diabetes mellitus
(T2DM) patients will have enhanced regulation of blood
sugar levels through the insulinotropic property. Liraglutide
affects glucagon release from pancreatic alpha cells by acting
as a full agonist of the glucagon-like peptide-1 receptor.
Moreover, it exerts a hypoglycemic impact by reducing
hepatic glyconeogenesis, hence enhancing glucose tolerance.
Liraglutide aids in achieving positive outcomes in situations
of overweight and insulin resistance by enhancing
metabolism.10

Central and Peripheral Mechanisms of Action:
Liraglutide demonstrates a particular action through its
overlapping impact on both central and peripheral pathways,
which, in combination, facilitates fat loss.11 It is directed on
the hypothalamus and other brain regions related to appetite
regulation, which leads to decreasing hunger and increasing
the feeling of satiety. Furthermore, it also has an indirect
impact on the emptying of stomach, the secretion of insulin
and the metabolism of glucose, thereby bringing about
reduction of calorie absorption and partaking in the metabolic
processes successfully.12

Clinical Trial
Previous SCALE study has revealed that subjects assigned
to the liraglutide 3.0 mg group for 56 weeks did achieve
greater weight loss than those in the placebo group in
overweight/obese patients with the prediabetes. Another
example is the SCALE Diabetes program released liraglutide
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1.8 mg administration superior in weight loss and better
blood sugar control in type 2 diabetic patients (T2DM) over
56 weeks compared to placebo.
The SCALE Maintenance trial was conducted to detect the
lasting effect of liraglutide 3.0 mg on weight management
and to see if liraglutide was as safe for continuous use as it
was for weight management. Although 56 weeks of liraglutide
medicine had already showed its effectiveness, the benefits
of the therapy remained steady, which resulted in longer
term weight loss and a lower risk of weight regain than the
placebo group.
Dose-Response Relationship:
Studies13-15 have conclusively demonstrated a clear connection
between liraglutide and the reduction of body weight. The
amount of weight loss achieved is directly influenced by
the dosage administered. Greater doses of liraglutide, namely
over 3.0 mg, resulted in more significant weight reduction
results in comparison to lesser doses or a placebo. While
the precise processes behind this dose-response connection
are not fully understood, it is likely that it involves increased
feelings of fullness, decreased consumption of food, and
better metabolic factors.
Side effects
Commonly seen side effects of liraglutide usage include
gastrointestinal symptoms such as nausea, vomiting,
diarrhoea, and constipation.16 Usually, these negative effects
appear in the first few weeks after starting treatment and
may get better over time as individuals adjust to the
medication. Higher doses of medication often lead to an
increase in gastrointestinal side effects. In severe
circumstances, some persons may stop taking the medication
because the adverse effects become intolerable.17

The primary adverse effects of liraglutide are pancreatitis
and hypoglycaemia.18 Furthermore, pancreatitis is an
infrequent negative outcome observed in people who get
this medication. Pancreatitis can be identified by attentively
observing symptoms such as prolonged abdominal pain.19

Immediate discontinuation of medication is necessary for
suspected cases of pancreatitis. In addition, liraglutide has
the potential to cause hypoglycemia, especially when used
in combination with insulin or sulfonylureas in persons
diagnosed with type 2 diabetes mellitus.20

Cardiovascular Safety:
The cardiovascular safety data for liraglutide is obtained
from wide-ranging clinical trials and continuous post-
marketing observations. Unlike other medications in the
market, liraglutide is not only free of those adverse
cardiovascular effects but it also reduces cardiovascular
risks of individuals with obesity and type 2 diabetes mellitus.
The LEADER (Liraglutide Effect and Action in Diabetes),
which dealt with the cardiovascular consequences in high-
risk patients with cardiovascular disease and type 2 diabetes.

This trial indeed proved a significantly high occurrence of
the major cardiovascular adverse events, including the
cardiovascular death, non-fatal myocardial infarction, and
non-fatal stroke, among the liraglutide participants compared
with the placebo group.
Similarly, the SCALE trial demonstrated that liraglutide, as
one of the GLP-1 receptor agonists, improves many
cardiovascular risk factors like lowering blood pressure,
cholesterol, blood sugar, and inflammation markers.
Patient selection:
Liraglutide has received approval as a treatment choice for
those with body mass index (BMI) that falls under the 30
kg/m² mark in their adulthood. Besides this, guidelines say
it should be suggested for those who have a BMI of over
27 kg/m², provided they have any of the weight-related co-
morbid conditions such as hypertension, type 2 diabetes
mellitus or abnormal lipid levels. Determining individuals
at risk of obesity-related complications should be one goal.
The assessment of patients' conditions should involve the
prioritization of and consideration of many issues, such as
patients' BMI, their comorbidities already existing, and the
treatment history. An individual with a body mass index of
30 kg/m² or higher is considered an appropriate patient for
liraglutide therapy because he/she belongs to the group of
people vulnerable to obesity-related health problems.
Nevertheless, patients with a BMI of 27 kg/m² and suppose
that they also suffer from diseases including diabetes,
cardiovascular diseases, non-alcoholic fatty liver disease,
dyslipidemia, and high blood pressure could also benefit
from liraglutide treatment. But in our part of the world it is
very costly .The inclusive technique is oriented at working
with the problems of weight and metabolic aspects at the
same time.
Current scientific research on the GLP-1 associated treatment
for obesity centers around creating new formulations and
combination treatments in order to enhance weight loss
outcomes. Researchers are studying if the long-acting release
forms of liraglutide might facilitate patient compliance and
the convenience of use. Moreover, the continuous evaluation
of the combination of liraglutide with other medications
commonly prescribed in weight-loss management is being
conducted, for instance, GLP-1 receptor agonists and
metabolic modulators. This collaborative approach aims to
bring together the two approaches for additive weight loss
and potent therapeutic outcomes in obesity treatment.
CONCLUSION:
In conclusion, liraglutide stands out among the group of
anti-obesity drugs and there is a possibility that it will fill
the gaps in the current treatment of obesity. Meta-analysis
of a wide range of clinical studies revealed that it has a
significant impact on weight loss, metabolic parameters, as
well as reduction of use of medications in the treatment of
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obesity-associated comorbidities. The unique feature of its
dual-action mechanism that targets both appetite control
and metabolism determines it as an innovatively reliable
treatment approach. For the future, research should aim at
focusing on improving patient selection criteria, examining
combo therapies and overcoming the obstacles to the
maintenance and success. Additionally, spurring research
on new formulations and personalized models is a major
step towards extending the clinical utility of liraglutide in
dealing with obesity and its related metabolic implications
which would in turn improve patient outcomes in this
evolving scenario.
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Genetic counseling involves educating at-risk patients or
their close relatives about the occurrence of genetic diseases,
their likelihood, and treatment, including ways to prevent
or cure them. Counsellors will discuss the genetics and
treatment of the disease, as well as the personal, familial,
social and insurance implications. Additional diagnostic
procedures, such as genetic testing, may be recommended
to better understand risks or confirm the diagnosis.1

Genetic counselling not only informs the patient about the
risks of disease but also helps them to be psychologically
prepared to face it. There have been several ongoing
researches, one particular in which meta-analysis techniques
were employed to evaluate the psychological impacts of
genetic counseling on women with a family history of breast
cancer shows significant decreases in generalized anxiety
and stress.2

In the emerging field of Genomic medicine, Genetic
counselors play a crucial role throughout the entire patient's
experience. They are crucial in the early phases, helping to
establish agreement, facilitate decision-making, and aid in
the assessment of genetic risk. To facilitate efficient
communication between patients, healthcare providers, and
the system, they also assist in the administration and
interpretation of test results. Furthermore, genetic counselors
advise patients on an ongoing basis and assist kids in
comprehending and incorporating genetic knowledge into
their lives.3

Historically, a key ethical ambiguity for genetic counseling
has been the idea of patient’s autonomy. But as the genomic
era approaches, it is necessary to reassess this principle's
application in genetic counseling. To enable counselors to
provide clarity on the acquisition and use of genetic

information, this paper argues for a more balanced strategy
that replaces the prioritization of patient autonomy. We start
by outlining the historical setting in which the patient's
independence was attained in the field and how it changed
over time, including the incorporation of abstract, non-
existent concepts. Understanding the initial stages of
removing injustice, we offer the reasons, considering the
significance of patient autonomy and the rising levels of
genetic variation, of why it has not been successful.4

We believe that some new molecular tests will be developed
because of the global endeavor to sequence the human
genome in the 21st century. Adoption of these tests will also
increase the variety of conversations about genetics. These
developments in technology can more effectively gather the
information required to interpret genetic results appropriately
and create preventive or therapeutic interventions. For
instance, before epidemiological and molecular data were
available to appropriately interpret the results, clinical trials
for BRCA1 and BRCA2 mutations were started in the United
States. These days, geneticists, genetic counselors, and
geneticists are crucial to the use of novel tests. However, it
is envisaged that specialists and primary care doctors will
use genetic testing directly to predict the risk of disease and
this will completely transform our current practice of
medicine.5
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Dissociative identity disorder (DID) is a persistent post-
traumatic condition marked by impaired memory and self-
 identity functions resulting from childhood trauma. It is a
severe chronic psychiatric illness characterized by
neurobiological, cognitive, and interpersonal disintegration
in reaction to intolerable stress. Dissociative Identity Disorder
(DID) remains inadequately researched; nevertheless, more
investigation may elucidate neurobiological and cognitive
characteristics, as well as the interplay between individuals
and environmental stressors. Comparing people with
Dissociative Identity Disorder to non-dissociative individuals
with other psychiatric diseases could further clarify the
disorder's characteristics.1 Research on dissociative identity
disorder (DID) from 2011 to 2021 identified 1,354 new
cases, predominantly from Western nations, especially the
United States. The bulk of instances utilized validated
metrics, with 74% of new cases originating from six research
organizations.2 A 49-year-old gentleman with a history of
alcohol use disorder and psychosis requests outpatient
treatment for medication management. He possesses a
familial predisposition to bipolar disease and schizophrenia
and has endured considerable physical abuse. The patient
delineates 11 distinct personality types, although only two
are elaborated upon. Dimensional Identity Disorder (DID)
is a psychological illness defined by the presence of two or
more distinct personality states and recurrent memory deficits.
Symptoms of Dissociative Identity Disorder (DID) result
in distress or impairment and are not ascribed to cultural
or religious practices, substance use, or other medical
problems. The similarities between BPD and DID indicate
a possible connection via common traumatic experiences.
Dissociative Identity Disorder (DID) is frequently linked to
childhood trauma and abuse, and is regarded as the most
severe manifestation of childhood-onset Post-Traumatic
Stress Disorder (PTSD). Evidence-based treatment for
Dissociative Identity Disorder (DID) often employs a tripartite
strategy, encompassing trauma-focused therapies and
psychopharmacological interventions.3 Another study on
dissociative identity disorder (DID) found that inaccurate
media portrayals of DID perpetuate misconceptions and
contribute to delays in seeking treatment, accurate diagnosis,

and increased shame and self-loathing among individuals
with DID. The study involved 377 individuals with DID
who completed an anonymous online survey about the
impact of media portrayals. The results showed that 309
participants felt these portrayals impacted their treatment,
while 153 reported no impact and 151 reported an impact.
The study also found that participants self-reported their
DID diagnosis, which may be further biased due to their
greater awareness of their dissociation.4 The research
examined 28 interviews with 15 patients regarding their
Dissociative Identity Disorder (DID) and identified two
primary themes: divergent worldviews and conflicts among
dissociative identities. Patients possess diverse
comprehensions of the origins of their DID, and disagreement
is both prevalent and complex. The research underscores
the significance of inter-identity awareness in resolving
these conflicts.5

In conclusion, Dissociative Identity Disorder (DID) is a
multifaceted psychiatric disorder associated with childhood
trauma, resulting in disturbances in memory, identity, and
personality. Notwithstanding advancements, a considerable
disparity persists in studies. Treatment modalities frequently
emphasise trauma-informed therapies; nevertheless, media
portrayal complicates the diagnostic process. Inter-identity
awareness is essential for resolving conflicts. Enhanced
research and public awareness could elevate the quality of
life for individuals with Dissociative Identity Disorder (DID).
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