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EDITORIAL

IS ADEQUATE NUTRITION THE BEST FORM OF PREVENTIVE MEDICINE?

Managing Editor Pacific Journal of Medical Sciences

Correspondence: managingeditorpjms1625@gmail.com

According to the World Health Organization
(WHO), the general concept of adequate
nutrition refers to the intake of essential
micronutrients (vitamins and trace elements)
and macronutrients (carbohydrate, protein and
fat) in the appropriate quantities required to
sustain metabolic and physiological processes
and prevent disease. This concept is context
dependent, because what is adequate for a
group of individuals may be insufficient or

excessive for another group.

In the present context, the concept of preventive
medicine encompasses interventions designed
to avert disease before its onset with the aim of
reducing morbidity and mortality. Ultimately,
these interventions increase  economic
productivity and have a positive impact on public
health care. In a wider context, preventive
medicine focuses on the health of individuals,
communities, and specific populations to
promote the health and well-being of individuals
by preventing disease, disability and untimely
death.

The idea that nutrition and preventive medicine
are closely interrelated is widely attributed to the
“father of modern medicine” Hippocrates of Cos
(5t to 4th century BC) who is known for saying:
“Let food be your best medicine and your best
medicine be your food.” This idea directly linked
the concept of nutrition and health, based on
closely observing the environmental causes of
iliness, including more general aspects of
patient’s life and their influence on their health
and convalescence.
Current  scientific ~ evidence  supports
Hippocrates’ ideas. According to the Americal
College of Preventive Medicine, three levels of

prevention can be identified:

Primary level — Preventing disease before it
occurs. The patient is at risk for a disease but
not yet affected. This level identifies behavioral,
environmental, genetic and other factors that
increase the chance of contracting the disease.
Some of the risk factors, excluding genetic
factors, can be changed. This level requires

good health promotion, such as health
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education, immunization, and correction of poor
habits.

Secondary level — Detecting disease early to
halt progression (e.g., through screenings). Risk
factors can combine to cause a disease. It is
usually unmanifested, clinically undetectable,
but becoming detectable once specific
pathological changes occur. For example, large
amounts of blood in the stool are a warning sign
of colorectal cancer. During pathogenesis,
secondary prevention may be achieved by early

diagnosis and prompt treatment.

Tertiary level — Managing established disease to
prevent complications, when disease signs and
symptoms appear. The clinical horizon is the
point at which the condition can be scientifically
detected. Most preventive health care focuses
on this level. This level is the most expensive, in

terms of the cost of health care.

Of these three levels, nutrition primarily falls
under primary level, though it also influences
secondary and tertiary levels by improving
recovery and reducing complications. It is
important to note that adequate nutrition offers a
holistic approach compared to vaccinations and
screenings that target specific diseases.
Adequate nutrition also influences multiple
systems simultaneously, such as cardiovascular
system, metabolic system, immune system, and

the nervous system, including mental health.

Current scientific evidence clearly indicates that
adequate nutrition as a preventive measure is
important across the entire lifespan of an

individual:

During prenatal and early childhood: Fetal
development, birth outcomes, and long-term
health and risk of disease are influenced by the
nutritional status of the mother. Breastfeeding
and early dietary patterns shape the immune
system and metabolic status of the infant. For
example, maternal deficiency of iodine, folate,
iron, and B12 severely affects the
neurodevelopment and immunity of both foetus

and the neonate.

Adolescence: At this stage of development,
adequate nutrition, rich in both micronutrients
and macronutrients, is required to ensure
normal growth, hormonal regulation, and
functions of the nervous system, including

mental health.

Adulthood: Adequate nutrition is required to
reduce the risks of hypertension, insulin
resistance, and dyslipidemia among others.

Elderly: Adequate amounts of nutrients, such as
B complex vitamins, antioxidants, calcium,
vitamin D, among others, are essential to reduce
incidence of osteoporosis, cognitive decline,

frailty and sarcopenia.
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Widely available global scientific health data and
reliable practical considerations indicate that
adequate nutrition is one of the most powerful
and accessible preventive measures against
poor health. However, adequate nutrition is not
panacea. It cannot prevent all diseases. For
example, infectious or congenital disorders,
genetic predispositions, environmental
exposures, poor lifestyle habits may require
medical intervention. Adequate nutrition is
effective when in synergy with other health

promoting measures and conditions.

Despite the positive and widely acceptable
impact of adequate nutrition, it remains elusive
to many, especially in the resource limited
countries. According to the WHO, food
insecurity is a major obstacle because globally
many people lack access to sufficient amounts
of quality food. In addition, dietary choices are
influenced by tradition, taste preferences,
cultural and behavioral factors. Lack of nutrition
counselling in communities is a major issue that

needs attention.

Several researchers have proposed various
methods to elevate adequate nutrition as a
preventive tool. Some of the methods include:
e Increasing the nutrition-related
components in the academic programs
in medical training.
e Ensuring the empowerment of the
people by educating them, through

advocacy and campaign, about the

importance of adequate nutrition and
the benefits of consuming adequate
diets. Include the people in decision-
making regarding personalized dietary
plans to enhance adherence.

e Reform existing policies by increasing
subsidies and reducing costs for healthy
foods, restricting labeling regulations,
and introducing free lunches in schools,
especially in the primary and

elementary schools.

In conclusion:

Is adequate nutrition the best form of preventive
medicine? It is not a panacea, but it is a
powerful, evidence-based, biologically
significant and universally accessible form of
preventive medicine. It transcends age,
geography, and  socioeconomic  status.
Currently, the world is grappling with chronic
disease epidemics, climate change, and
healthcare inequities. Adequate nutrition is
directly related to safer pregnancy and
childbirth, improved infant, child and maternal
health, to functional and robust immune system,
and to lower risk of non-communicable
diseases. People consuming adequate nutrition
are more productive and can create
opportunities to gradually break the cycles of
poverty and hunger. Thus, adequate nutrition
may be one of our most potent prescriptions for

survival.
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The emerging research in nutrigenomics
demonstrates that dietary components interact
and modulate gene expression, influencing
disease susceptibility paving the way for
personalized nutrition in the future, thus making

preventive nutrition more accessible.
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ABSTRACT

This study evaluated the histomorphometric effects of Garcinia kola, Musa paradisiaca, Khaya ivorensis, and the Sure
Male Capsule Formula—a commercial sexual stimulant comprising a combination of these three botanicals—on
testicular function in adult male Wistar rats. Thirty rats were divided into five groups (n=6): Group A (control), Group B
(500 mg/kg M. paradisiaca), Group C (200 mg/kg G. kola), Group D (200 mg/kg K. ivorensis), and Group E (400 mg/kg
Sure Male Capsule Formula). Treatments were administered orally for 28 days. Post-treatment assessments included
weight changes, semen parameters, histological and histopathological evaluations of testicular tissue using Johnsen’s
scoring system. Results revealed a significant increase in body weight in groups D and E (P<0.05). All treatment groups
demonstrated varying degrees of testicular degeneration and reduced semen quality, including significant reductions
in sperm count, motility, morphology, and viability. Histologically, all extracts showed degenerative changes in the
seminiferous tubules, with the Sure Male Capsule Formula group showing pronounced architectural distortion and
degeneration of interstitial and Leydig cells. However, Johnsen’s scores were significantly lower in groups B and C,
indicating severe spermatogenic disruption, while scores in groups D and E were comparable to the control, suggesting
relatively preserved spermatogenesis. While individual plant extracts exhibited anti-spermatogenic and spermatotoxic
effects, the Sure Male Capsule Formula showed some spermatogenic activity based on Johnsen’s score alone.
Nonetheless, its adverse histological profile cautions against its efficacy as a safe sexual stimulant. These findings
underscore the need for further toxicological evaluation before clinical application.

Keywords: Sure, Male Capsule Formula, testicular function, Garcinia kola, Musa paradisiaca, Khaya ivorensis,
spermatogenesis, Wistar rats.


mailto:Oyewopo.oa@unilorin.edu.ng

Pacific Journal of Medical Sciences, Vol. 27, No. 1, December 2025

ISSN: 2072 — 1625

INTRODUCTION

Methanolic extract of M. paradisiaca flower
showed significant reduction in blood glucose
levels in streptozotocin induced diabetic rats and
reduced oxidative stress, the superoxide
dismutase, lipids, peroxide and catalase in
nephropathy and in testicular groups. Therefore,
the extract has reno-protective and testicular-
protective effect [1]. Mallick et al. [2], showed that
hexane fraction of root of M. paradisiaca has the
potential to correct diabetes induced testicular
germ cell apoptosis. Ethanolic extract of Garcinia
kola on the histology of the testes of male adult
Wistar indicated that it had some adverse effects
on the testis of male Wistar rats which was dose
dependent[3]. G. kola has however been reported
to cause deterioration of the reproductive system
by Braide et al. [4]. Nottidge et al. [5] also reported
prolonged administration of bitter kola extract to
have destructive effects on the testes of dogs.
Akingboye et al. [6] reported that the consumption
of the ethanolic extract of Garcinia kola at high
doses may cause histopathological lesions in the
testicular cells. Udoh [7] reported that the long-
term ingestion of Garcinia kola seed would result
in the arrest of spermatogenesis and sperm
degeneration. Reports have shown that
components of Garcinia kola seeds caused a toxic
effect on the sertoli cells, have a negative impact

on the leydig cells thereby interfering with

testosterone production leading to reduction in
spermatogenesis [8].

Khaya ivorensis (African mahogany or Lagos
mahogany) is used as a bitter tonic, remedy for
fever, vermifuge and for treating venereal
diseases [9]. It is used as an antimalaria, as well
as having anthelmintic effects [10]. Extracts of the
stembark of K. ivorensis are used as
anticonvulsants and treatment of hemorrhoids,
heat rash, boils and arthritis [11].

Male Capsule Formula is a drug used for
stimulating male reproductive hormone in man. It
Contains 30 capsules, average weight of one
capsule 0.33g. Constituents include Khaya
ivorensis, Garcinia kola and Musa paradisiaca.
Note: The drug is still on trial basis to ascertain its
potency on sexual function by examining the
various constituents.

Therefore, the aim was to evaluate the
histomorphometric studies of garcinia kola, musa
paradisiaca, khaya ivorensis versus Male Capsule
Formula drug (triumvirate combination of garcinia
kola, musa paradisiaca, khaya ivorensis) on

testicular function in adult male Wistar rats.

METHODOLOGY
Ethical Review
These investigations were carried out in

conformity with the rules and guidelines of the



Pacific Journal of Medical Sciences, Vol. 27, No. 1, December 2025

ISSN: 2072 — 1625

Animal Ethics Committee of the University of
llorin, llorin. Kwara State, Nigeria.

Animal Grouping

Thirty (30) adults male Wistar rats, average weight
of 200g were obtained from a commercial Animal
Holding Facility in Ogbomoso, Oyo state, Nigeria.
The rats were maintained in the Animal House of
the Basic Medical Science, College of Health
Sciences, University of llorin. Kwara State. The
rats were fed with food and water ad libitum. They
were acclimatized for one week before
commencement of the experiment and weekly
weighing of the animals was done using an
Electronic Weighing Balance in the Department of
Anatomy, College of Health Sciences, University
of llorin Kwara State. The rats were grouped into
four, with each group consisting of four rats each.
The grouping was as follows:

Group A — Control group; received 1ml of distilled
water, Group B- Musa paradisiaca 500 mg/kg
body weight daily, Group C- Garcinia Kola
200mg/kg body weight daily, group D- Khaya
Ivorensis 200mg/kg body weight daily and group
E- Sure Male Capsule Formula 400mg/kg body
weight daily.

Preparation and Administration of the Extract
Musa paradisiaca

Green plantain fruits were obtained from Ipata
Market in llorin, Nigeria. The fruits were cut

longitudinally into chips of about 5 mm thickness

and air-dried for 4 days after which they were
grinded and made into flour [12]. The musa
paradisiaca flour was dissolved in 2 ml of double
distilled water, for easy administration while a
dosage of 500 mg/kg/day was given to the group
using an oral cannula [12]. The duration of

administration was 28 days.

Garcinia Kola

Garcinia Kola seeds were bought from the Ipata
Market in llorin, Nigeria. The outer coats were
removed and the seeds cut into pieces and air-
dried. The dried seeds were ground to fine
powder. The dried powdered 21g Garcinia kola
was dissolved in 421ml of distilled water and
shaken vigorously; it was allowed to stand on the
bench shaking at intervals. The solution was then
refrigerated for twenty-four (24) hours and then
sieved using laboratory sieve. This was then
allowed to stand for at least one (1) hour to allow
the heavier particles to settle down after which, it
was decanted and filtered using Whatman filter
paper while the filtrate was collected into a bottle
[9]. Extract was administered orally using an oral
cannula. Dosage of 200mg/kg body weight daily
was administered for 28 days, and the animals
were sacrificed 24 hours after [9, 13].

Khaya Ivorensis
K. Ivorensis stem bark was purchased from Ipata

Market, llorin, Nigeria. The Khaya Ivorensis
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extract was prepared at the Chemistry Laboratory,

Department of Chemistry, University of llorin.

Sure, Male Capsule Formula

The Sure Male Capsule used was purchased from
a dealer (fig 1). Sure Male Capsule formula
contains 66 grams which was dissolved in 1 Liter
of water to obtain a concentration of 0.06g/L. Rats
in this group received 400mg/kg body weight of
Male capsule formula daily.

The solution was prepared by using the formula.
Volume of X (ml) =

Weight of rat (kg) x dosage (mg/ml)
Concentration of X (mg/ml)

Assuming X represented male capsule formula

Sacrifice of Animals

Twenty-four hours after the 28th day of
administration the rats were sacrificed by cervical
dislocation. Thereafter, the testis was identified
and excised while the caudal epididymis was
immediately removed for semen analysis. The
testis removed were fixed in 10% formalin to
prevent putrefaction and autolysis for histological

analysis.

Semen Analysis

The epididymis was placed in normal and used for
evaluation of sperm quality (i.e. sperm count,
sperm motility and sperm morphology). The

concentration of spermatozoa was determined

using the improved Neubauer Chamber
Haemocytometer (Deep 1/10 mm, LABART,

Germany)

Histological Analysis

The testes of all the rats were fixed in 10%
formalin, dehydrated stepwise in graded ethanol,
cleared in xylene and then embedded in paraffin
wax. A section of 5um thick paraffin section of
each ftesticular tissue was stained with
hematoxylin and eosin (H &E), followed by
examination under a Olympus binocular research
microscope (Olympus, New Jersey, USA) which
was connected to a 5.0MP Amscope Camera

(Amscope Inc, USA.) at x100 magnification.

Histopathological Evaluation of the Testis

In addition to qualitative descriptions, the testicular
histology was analyzed quantitatively using
modified

Johnsen’s Score [14]. The Johnsen’s Score
grades seminiferous tubules on a scale of 1-10 so
that the best histological appearance with
evidence of full spermatogenesis is rated 10 while
the worst histological appearance with absent
seminiferous tubule is given a score of One.

The score allocated to each seminiferous tubule is
based on the descriptions summarized below. The
modified Johnsen’s scores were applied to a
minimum of 25 randomly chosen seminiferous

tubules from each animal. The mean score for

10
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each animal was obtained by multiplying the
numbers of tubules awarded a score with the

score and then, the total number of tubules graded

was divided by the sum of all the multiplications.
The group mean was obtained by dividing the sum

of means by number of animals per group.

Modified Johnsen’s Scores as described by Holstein et al. [14].

10 | Represents intact spermatogenesis with many mature spermatids and zones of spermiation.

zones of spermiation.

Describes modestly reduced spermatogenesis: reduced number of mature spermatids, a few

8 Implies a distinct reduction in spermatogenesis: few mature spermatids, no spermiation.

7 Is awarded when there is considerably reduced spermatogenesis: no mature spermatids, only

immature spermatids, no spermiation.

6 Means severely reduced spermatogenesis: only few immature spermatids, reduced height of

germinal epithelium.

5 Indicates arrest of spermatogenesis at the stage of primary spermatocytes: many spermatocytes

border the lumen of the seminiferous tubules.

4 Implies arrest of spermatogenesis at the stage of primary spermatocytes: a few primary

spermatocytes are present.

3 Depicts arrest at the stage of spermatogonia: A-type spermatogonia multiply but do not develop

to maturing cells of spermatogenesis

2 Means there are no germ cells but only Sertoli cells are present.

1 Awarded when neither germ cells nor Sertoli cells are found. The seminiferous tubule is also

replaced by connective tissue ground substance.

Statistical Analysis

Data from both groups were statistically analyzed
using Student's t-test followed by subsequent
analysis by GraphPad Prism software (version
5.02) with statistical significance set at P<0.05*
and P<0.001**. The mean, the standard error of
mean and standard deviation of the data were

calculated.

RESULTS

Physical Observations

The treated groups exhibited some behavioral
changes such as aggressiveness in group B,
agitation, restlessness, and disorientation in group

C while group E exhibited calmness and tranquility
compared to the control group. Reduced food
intake was observed in all the treatment groups

(B, C, D and E) compared to the control group.

Weight Changes
Significant increase (P<0.05) in weight changes
was observed in groups D and E when compared

to the control (table 1).

Semen Analysis

Significant decrease (P<0.05) in sperm count was
observed in groups B, C and E when compared to
the control group. Significant decrease (P<0.05) in

11



Pacific Journal of Medical Sciences, Vol. 27, No. 1, December 2025 ISSN: 2072 — 1625

Sperm Motility was observed in groups D and E control group (Fig. 2). Significant decrease

compared to the control group (Fig. 1). Sperm (P<0.05) in Life and Death ratio was observed in
morphology experienced a significant decrease groups D and E compared with the control group

(P<0.05) in groups C and D compared to the (Table 2).

Table 1: Showing the weight changes of the treatment groups compared to the
control group.

Groups Initial weight (g) | Final weight (g) Weight difference (g)
A 1750+ 1.3 185.0 £ 3.0 10.0 £ 0.72

B 165.0 + 3.22 180.0 + 3.56 15.0 £ 0.34

C 170.0 £ 3.22 180.0 £ 3.23 10.0 £ 0.55

D 175.0 £ 3.54 195.0 £ 3.23 20.0 £ 0.42*

E 160.0 £ 3.34 185.0 £ 3.78 250 £0.34*

* = P <0.05 = Significant difference.

Table 2: Semen analyses of rats in the treatment groups compared to the control group.

Groups Sperm Count Sperm motility Sperm Morphology L/D ratio (%)
(%) (%) (%)

A 70.70+0.94 86.66+2.75 86.87+2.14 86.96+2.64

B 55.76+3.63" 76.3+1.36 79.40+1.40 76.40+3.64

C 58.4+1.22* 83.9+2.84 76.53+2.63" 72.7942.33

D 61.9+3.63 75.14+1.43" 69.14+1.34* 71.14+1.44*

E 60.4+3.51* 65.44+2.25* 81.40£2.31 69.78+2.21*

*= (P<0.05) - significant difference.
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Fig 1: Sperm motility of rats in the treatment groups compared with the control group. *(P<0.05)-
significant difference.
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Fig 2: Sperm morphology of rats in the treatment groups compared with the control group.
*(P<0.05)-significant difference.
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Fig 3: showing the Life Death Ratio of rats in the treatment groups compared with the control group.

*(P<0.05)-significant difference.

Histological Observation

The control group (A) showed well-defined
seminiferous tubules, interstitial cells (IC) and a
well-spaced lumen (L). The Musa paradisca (B)
group showed slight degeneration of seminiferous
tubules and epithelium, degenerated and widened
lumen with variable cells around the tubules. The
Garcina kola (C) group showed a defective
seminiferous epithelium, degenerated basement
membrane, detachment of sertoli cells and
reduced numbers of spermatogenic cells. The

Khaya ivorensis (D) group showed a severe
degenerated seminiferous epithelia highlighting

severe alterations in their architecture.

The Male Capsule Formula (E) group showed
poor seminiferous tubule profile, distorted
arrangement of the spermatogenic cells,
increased interstitial space, detachment of sertoli
cells, severe degeneration of the interstitial cells
and Leydig cells (Fig. 4).
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Fig. 4: (A-E) Photomicrograph representative of the testis of adult male Wistar rats treated with normal saline,
control (A). Musa paradisca (B), Garcina kola (C), Khaya ivorensis (D), and Male Capsule Formula (E). L-
lumem, IC- Interstitial Cells, SG-spermatogonia. (H and E x100).

Histopathological Observation

Histopathological observations using Johnsen’s
Score showed that were significant reduction
(***P<0.001) in groups B and C when compared

to the control group while no significant difference

was observed in groups D and E which showed
normal spermatogenesis in some seminiferous
tubules (Table 3). This depicted a slight reduction
in the number of germ cells present in all treatment
groups (B, C, D and E).

Table 3: Histomorphometric observation across treatment and control groups using

Johnsen’s Score

A B C D E
8.4 5.5 6.4 8.7 8.8
8 4.6 6.1 8.8 8.9
7.56 5.3 5 8.7 8.8
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DISCUSSION

Significant increase (P<0.05) in weight differences
was observed in groups D and E when compared
to the control (table 1). This negates studies by
Akingboye et al., [9] who observed significant
decrease (P<0.001) in the final body weights and
body weight differences after investigating the
effects of ethanolic extract of Garcinia kola on the
testes of adult male Wistar rats. Results from
groups B and C were in consonance with Abu et
al. [15], Ralebona et al. [16] and Sumita et al. [17]
who observed no significant difference in body
weight. However, dose dependent reduction was
observed in the weight of the testis, epididymis,
prostate and seminal vesicle after investigating
the effects of ethanolic extract of Garcinia kola and
Musa paradisiaca on serum sex hormones and
testicular function respectively.

The significant decrease in semen parameters
observed in all treatment groups were in
consonance with studies by Akpantah et al., [19],
Adesanya et al. [18] and Abu et al., [19] who
observed marked reduction in  sperm
concentration, motility, viability and morphology
after administration of ethanolic extract of G. kola
on the testis to investigate its antispermatogenic
effects (table 2) (Fig 1) (Fig 2). Significant
decrease in Life and Death ratio was observed in

groups D and E compared with the control group

was consistent with the findings of Iwuji and
Herbert [20] who demonstrated significant
decrease in abnormal sperms in all the treated
groups (Fig 3) [20]. They further stated that a
decrease in the abnormalities of the head and tail
in all the treated groups when compared with the
controls was noted. It contradicted Ralebona et al.
[16] who reported that G. kola treatment enhances
testosterone secretion and increases testicular
weights which accounts for the enhanced sexual
activity, improve libido and intensifying orgasm
and ejaculation and it's likely due to the presence
of antioxidants such as kolaviron in the G kola
extract. Therefore, these reductions in sperm
parameters may suggest an impairment of the
hypothalamo-pituitary-gonadal axis [21]. It is also
probable that the reduction in sperm concentration
and motility may be due to a reduction in
gonadotropin levels which in turn suppressed
testosterone  secretion thus suggesting an
antispermatogenic property.

The degenerated seminiferous tubules observed
in all treatment groups agreed with Braide et al. [4]
who reported that G. kola caused a severe
deterioration of the reproductive system. Nottidge
et al. [5] also reported prolonged administration of
bitter kola extract to have destructive effects on
the testes of dogs. Udoh [7] reported that the long-

term ingestion of Garcinia kola seed would result
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in the arrest of spermatogenesis and sperm
degeneration. Reports have also shown that
components of Garcinia kola seeds caused a toxic
effect on the sertoli cells, having a negative impact
on the leydig cells thereby interfering with
testosterone production leading to reduction in

spermatogenesis [7, 8].

According to Johnsen's Score reported in this
study, groups B and C had a significantly low
score compared to the control. This is an indicator
that administration of extracts in both groups was
not very healthy for male reproductive health. This
was corroborated by the poorly arranged
histoarchitecture of the testicular profile in this
group. This result agrees with Udoh [7] who
reported that the prolonged use of Musa
paradisica could lead to disruption of the
spermatogenic process. While Johnsen’s Score in
groups D and E was at par with the control thereby
suggesting both extracts might be good for
reproduction, but this negates reports from the

histological observation in both groups.

The investigation was conducted in adherence to
the National Institute of Health Guide for the Care
and Use of Laboratory Animals, and the study
protocol was approved by the University Ethical
Review Committee (UERC). Consent to

participate is not applicable.
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ABSTRACT

Neuropathic pain presents significant clinical challenges due to its complex pathophysiology and varied
patient response to treatment. While multiple pharmacologic options are available, healthcare provider’s
preferences and prescribing behaviors can influence treatment outcomes and patient adherence. This
study aimed to evaluate the preferences of healthcare providers in India and their current prescription
trends in the management of neuropathic pain. A cross-sectional survey was conducted among 755
practicing healthcare professionals across India, comprising 376 orthopedic specialists and 379
physicians. A structured questionnaire was used to assess preferred drug molecule from tricyclic
antidepressant class, factors affecting drug selection (e.g., perceived efficacy, patient tolerability, cost),
preferred combination and prescribing trends of Nortriptyline, Pregabalin and Mecobalamin (NPM)
combination. Descriptive statistics were used to analyze the responses. Nortriptyline was the most
preferred tricyclic antidepressant for neuropathic pain (40.98%), followed by amitriptyline (33.26%) and
protriptyline (15.66%). Efficacy was the primary determinant in drug selection (45.92%), followed by
tolerability (32.29%), compliance (18.88%), and cost (7.61%). The NPM combination was frequently
prescribed, especially for diabetic neuropathy, though concerns about cost and safety influence its
adoption. Healthcare providers (HCPs) generally prescribe this combination for 1-3 months, but
adherence was a challenge, with only 13.30% of patients showing adherence rate of over 75%. The 40-
60 years age group was the primary demographic for NPM prescriptions. Cost and size of the
tablet/capsule were pivotal factors in brand selection. Nortriptyline was the preferred tricyclic
antidepressant for neuropathic pain among Indian healthcare providers, with efficacy, tolerability, and
compliance being key factors in drug selection. The NPM combination was commonly prescribed,
especially in diabetic neuropathy, despite concerns regarding cost and safety. Patient adherence to this
regimen was relatively low, highlighting the need for strategies to improve long-term compliance.

Keywords: Neuropathic pain, nortriptyline, pregabalin, mecobalamin, combination.

INTRODUCTION affecting the somatosensory nervous system. It
Neuropathic pain (NP) is a complex, chronic is estimated to affect up to 10% of the global
pain condition resulting from damage or disease population and is frequently associated with
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conditions such as diabetic neuropathy, post-
herpetic neuralgia, spinal cord injuries, and
chemotherapy-induced peripheral neuropathy
[1,2]. Unlike nociceptive pain, neuropathic pain
is often resistant to conventional analgesics,
necessitating the use of adjuvant therapies such
as antidepressants, anticonvulsants, and
combination regimens [3].

Tricyclic antidepressants (TCAs), particularly
amitriptyline and nortriptyline, have long been
used as first-line agents in NP management due
to their dual action on noradrenergic and
serotonergic pathways, which modulate pain
perception [4]. Pregabalin, a gabapentinoid, is
also widely prescribed owing to its efficacy in
reducing neuronal excitability by modulating
calcium channels [5]. Furthermore,
mecobalamin (methylcobalamin), a
neurologically active form of vitamin B12, is
frequently included in treatment combinations
due to its role in nerve regeneration and myelin
repair [6].

Despite the range of therapeutic options
available, the clinical management of
neuropathic pain is often hindered by
heterogeneous treatment responses, adverse
effect profiles, patient non-adherence, and cost-
related barriers. In this context, the prescribing
behavior and preferences of healthcare
providers (HCPs) play a critical role in optimizing
treatment outcomes. Factors such as perceived
efficacy, side-effect profile, tolerability, and drug
accessibility can significantly influence drug

selection and treatment duration [7,8]. India

presents a unique landscape in neuropathic pain
management due to its diverse patient
population, varying socioeconomic conditions,
and evolving healthcare infrastructure.
However, limited data exist on how HCPs in
India approach the pharmacologic management
of NP, particularly with respect to preferred
agents within the TCA class, the use of fixed-
dose combinations like Nortriptyline, Pregabalin,
and Mecobalamin (NPM), and the practical

considerations that guide these decisions.

This study aimed to address this gap by
conducting a cross-sectional survey among
physicians and orthopedic specialists across
India to identify current prescription trends, drug
preferences, and influencing factors in the
management of neuropathic pain.
Understanding these patterns is essential for
informing  future  guidelines,  improving
adherence strategies, and tailoring interventions

that align with real-world clinical practices.

METHODOLOGY

Study Design and Setting:

This was a cross-sectional, questionnaire-based
survey conducted among practicing orthopedics
and consulting physicians involved in the
diagnosis and management of neuropathic pain
across India. Participation was voluntary, and
confidentiality of responses was assured. The
goal was to gather real-world insights on current
prescription trends, preferred combination and

prescribing trends of Nortriptyline, Pregabalin
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and Mecobalamin  (NPM) combination in
neuropathic pain management. The study was
approved by the Altezza Institutional Ethics
Committee (IEC) having Protocol Number:
2024/MPL/O/01.

Survey Participants:
The participants included orthopedics and
consulting physicians who routinely manage
patients with neuropathic pain. A total of 755
participants responded to the questionnaire.
Inclusion criteria (1) Licensed healthcare
providers. (2) Actively involved in prescribing
neuropathic pain medications. (3) Willing to
provide informed consent for participation. All
data were collected prospectively, and all
participants responded to a uniform 10-item
questionnaire.

Participants voluntarily

completed the questionnaire after being
informed about the research objectives,
providing full consent to participate. The study
involved no patient contact or clinical

intervention.

Application of Questionnaire:

A structured 10-item questionnaire was
developed to assess orthopedics and consulting
physician’s preferences and perceptions
regarding neuropathic pain  management,
particularly focusing on tricyclic antidepressants
and nortriptyline, pregabalin and mecobalamin
combination  (Table 1). The survey
questionnaire was proposed by the author of the
study and is not a validated tool in neuropathic

pain management.

Table 1: Questionnaire for Healthcare Professionals

No. Questions

Options

1 Preferred Molecule Among Tricyclic Antidepressants

Nortriptyline
Amitriptyline
Protriptyline
Other

2 Reason for Molecule Preference

Efficacy
Safety Profile
Compliance
Cost

Any Other

3 Common Indication for Nortriptyline, Pregabalin, and Mecobalamin | Diabetic Neuropathy

(NPM)Combination

Chronic Pain

Spinal Cord Injury
Post-Herpetic Neuralgia
Low Back Pain

4 Frequency of Prescribing NPM Combination

25-50% of cases
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10-25%o0f cases
<10% of cases
>50% of cases

5 Major Concerns for Not Prescribing NPM Combination Cost

Safety
Compliance
Efficacy

6 Duration of NPM Prescription

1 month
2-3 months
15 days
>3 months

7 Patient Adherence to NPM Prescription

25-50% adherence
50-75% adherence

<25% adherence
>75% adherence

8 Most Preferred Molecule/Combination

Nortriptyline + Pregabalin
+ Mecobalamin
Nortriptyline + Pregabalin
Plain Nortriptyline

Any Other

9 Common Age Group f or NPM Prescription

40-60 years
60-75 years
25-40 years
>75 years

10 Important Brand Features f or NPM Combination Cost

Size of Tablet/Capsule
Availability

Onset of
Action/Technology
Frequency of Reminders

Data Collection:

The questionnaire was administered through
interviews over a 3-months  period.
Respondents were encouraged to answer all
items honestly based on their current clinical
practices and beliefs. No identifying personal or
institutional  information was collected to

maintain confidentiality.

Statistical Analysis:

Data from the completed questionnaires were
entered into Microsoft Excel and analyzed using
descriptive statistics. Categorical variables were
expressed in percentages and frequencies. No

inferential statistics were applied, as the
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objective was to assess trends and opinions

rather than test hypotheses.

RESULTS

A cross-sectional survey of 755 healthcare
professionals, including 376 orthopedic
specialists and 379 physicians, revealed key
insights into prescribing trends and preferences
in the management of neuropathic pain in India.
Among tricyclic antidepressants, nortriptyline
was the most preferred molecule (40.98%),
followed by amitriptyline (33.26%) and
protriptyline (15.66%). Efficacy was the leading
factor influencing molecule selection (45.92%),
followed by safety (32.29%), compliance
(18.88%), and cost (7.61%). The fixed-dose
combination of nortriptyline, pregabalin, and
mecobalamin was most commonly prescribed
for diabetic neuropathy (43.88%), with other
indications including chronic pain (29.72%),
spinal cord injury (19.00%), low back pain
(15.00%), and post-herpetic neuralgia (11.37%).
In terms of prescribing frequency, nearly half of
the respondents (47.96%) reported using the
NPM combination in 25-50% of NP cases, while
22.74% used it in 10-25%, and 12.12% in more
than 50% of cases. The most cited barriers to
prescribing NPM included high cost (34.12%),
safety concerns (27.46%), compliance issues
(24.67%), and perceived efficacy (22.42%).
Most providers prescribed the NPM combination
for a duration of 1 month (38.30%) or 2-3
months (33.04%). However, patient adherence

to therapy remained suboptimal, with only

13.30% of clinicians reporting adherence rates
above 75%, and the majority indicating 25-50%
adherence (39.05%). Regarding formulation
preferences, nortriptyline + pregabalin  +
mecobalamin was favored by 39.27% of
respondents, while  36.26%  preferred
nortriptyline  + pregabalin, and 17.16%
prescribed nortriptyline alone. The most
common age group receiving NPM prescriptions
was 40-60 years (53.32%), followed by 60-75
years (23.28%) and 25-40 years (19.20%). Key
brand selection criteria included cost (36.00%),
tablet/capsule size (26.18%), availability
(24.57%), onset of action or formulation
technology (19.00%), and reminder frequency
(11.48%). These findings underscore both the
clinical rationale behind prescribing behaviors
and the practical challenges faced in optimizing
neuropathic pain management.

Both healthcare professional groups showed a
clear preference for nortriptyline and
amitriptyline  with  orthopedics  favoring
nortriptyline more prominently. Efficacy drives
molecule preference across both groups, with
orthopedics placing slightly more emphasis on
safety, while consulting physicians consider
compliance and cost marginally more. Both
groups identified diabetic neuropathy as the
leading indication, with orthopedics slightly more
focused on chronic pain and low back pain. Both
groups prescribed NPM combination at
moderate  frequencies, while  consulting
physicians used it slightly more in 25-50% of

cases. Cost remained the primary barrier for
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both groups; consulting physicians expressed
slightly more concern about safety and
compliance.  Orthopedics favored shorter
durations (1 month), while consulting physicians
were more likely to prescribe for 2-3 months.
Both groups faced significant adherence
challenges, with adherence rates between 25-
75% being most common. Both healthcare
professional groups favored the NPM
combination and predominantly prescribed it for
patients aged 40-60 years. Cost was the top
priority for both groups, with minor differences in

preferences for other features.

DISCUSSION

The findings from this cross-sectional survey of
755 healthcare professionals in India provide
valuable insights into the prescribing patterns,
preferences and challenges associated with the
management of neuropathic pain, particularly
with the use of the nortriptyline, pregabalin, and
mecobalamin  fixed-dose combination. The
preference for nortriptyline (40.98%) over
amitriptyline  (33.26%) and  protriptyline
(15.66%) among tricyclic antidepressants aligns
with global trends favouring nortriptyline due to
its favourable side-effect profile compared to
amitriptyline. For instance, a systematic review
by Finnerup et al. [3] highlighted nortriptyline’s
efficacy in NP management with fewer
anticholinergic side effects, making it a preferred
choice for conditions like diabetic neuropathy
and post-herpetic neuralgia. This preference

was particularly pronounced among orthopaedic

specialists (46.27%) in our study, likely due to
their focus on safety, which corroborates
findings from a European study by Gray et al.
9], where safety concerns significantly
influenced TCA prescribing decisions.

Efficacy emerged as the primary driver for
molecule selection (45.92%), consistent with
guideline  recommendations ~ from  the
International Association for the Study of Pain
(IASP), which emphasize evidence-based
efficacy for TCAs and anticonvulsants like
pregabalin in NP management [10]. The
frequent use of the NPM combination for
diabetic neuropathy (43.88%) reflects its
established role in addressing this prevalent
condition in India, where diabetes affects over
77 million individuals [11]. The combination of
nortriptyline, pregabalin, and mecobalamin likely
offers synergistic effects, with pregabalin
targeting neuropathic pain through calcium
channel  modulation and  mecobalamin
supporting nerve repair, as supported by clinical
studies [12]. However, the use of this
combination for other indications, such as
chronic pain (29.72%) and low back pain
(15.00%), suggests a broader application,
potentially driven by clinical experience rather
than robust evidence, as these indications lack
strong guideline support as per latest evidence-
based recommendations from Attal et al., [13].
The moderate prescribing frequency of the NPM
combination (47.96% in 25-50% of NP cases)
indicates cautious adoption, possibly due to

barriers such as high cost (34.12%), safety
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concerns (27.46%), and suboptimal patient
adherence  (39.05%  reporting  25-50%
adherence). Cost as a primary barrier is
particularly relevant in the Indian context, where
out-of-pocket healthcare expenditure remains
high as reflected by a study from Garg & Karan
et al., [14]. This finding echoes studies from low-
and middle-income countries, where cost
significantly limits access to NP medications
[15]. The slightly higher emphasis on safety
among orthopedic  specialists and on
compliance among consulting physicians may
reflect their differing patient populations and
clinical priorities. Orthopedists, often managing
musculoskeletal-related NP, may prioritize
safety to minimize adverse effects in patients
with comorbidities, while physicians, dealing
with diverse NP etiologies, may focus on
compliance to ensure therapeutic continuity.

Patient adherence remains a critical challenge,
with only 13.30% of clinicians reporting
adherence rates above 75%. This aligns with
literature highlighting poor adherence to NP
medications due to side effects, complex
regimen, and socioeconomic factors [16]. The
preference for shorter treatment durations (1
month by 38.30%) among orthopedics
compared to 2-3 months among physicians
suggests differing approaches to balancing
efficacy and adherence, potentially influenced
by patient follow-up patterns. The predominance
of NPM prescriptions in the 40-60 age group
(53.32%) reflects the high burden of diabetic

neuropathy and chronic pain in this

demographic, consistent with epidemiological
data from India [17].

Formulation preferences, with 39.27% favoring
the NPM combination and 36.26% opting for
nortriptyline + pregabalin, suggest a tailored
approach to NP management. The inclusion of
mecobalamin in the NPM combination may be
driven by its perceived neuroprotective benefits,
though evidence remains mixed [6]. Brand
selection criteria, led by cost (36.00%) and
tablet/capsule size (26.18%), underscore
practical ~ considerations in  prescribing
decisions, particularly in resource-constrained
settings. These findings align with studies
indicating that formulation characteristics, such
as ease of administration, influence prescribing
behavior in chronic conditions [18].

The differences between orthopedic specialists
and consulting physicians, while subtle,
highlight the need for tailored educational
interventions to optimize NP management.
Orthopedics preference for shorter durations
and greater focus on safety may reflect their
surgical orientation and shorter patient
interaction times, whereas physicians’ emphasis
on compliance and longer durations may stem
from managing chronic conditions in outpatient
settings. Future research should explore these
differences through qualitative studies to better
understand decision-making processes.

Limitations of the study:
This study has limitations, including its cross-

sectional design, which limits causal inferences,
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and its reliance on self-reported data, which may
introduce bias. Additionally, the survey did not
capture patient perspectives, which are critical
for understanding adherence challenges. Future
studies should incorporate longitudinal designs
and patient-reported outcomes to validate these
findings and assess the real-world effectiveness
of the NPM combination. Moreover, cost-
effectiveness analyses could guide policy
interventions to improve access to NP

medications in India.

CONCLUSION

In conclusion, the survey highlights the
prominence of nortriptyline-based regimens,
particularly the NPM combination, in managing
neuropathic pain in India, driven by efficacy and
tempered by cost and adherence challenges.
These insights underscore the need for
strategies to enhance affordability, improve
patient adherence, and align prescribing
practices with evidence-based guidelines to

optimize NP management.
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ABSTRACT

In children, fractures following minimal trauma is the most prevalent sign and a hallmark  of osteogenesis

imperfecta (Ol). Long bones, particularly in the lower limbs, are frequent fracture sites in children with Ol.

The diagnosis is based mainly on history, physical findings and radiographic features. In this report

familial clustering, the clinical and epidemiological characteristics of two female siblings (including their

mother) with Ol are described while the newer classification, the differential diagnosis and the aims of

therapy are also emphasized.

Key words: Collagen disorders, dentinogenesis imperfecta, familial clustering, osteogenesis imperfecta.

INTRODUCTION

Osteogenesis Imperfecta (Ol) (also called Brittle
Bone Disease) is a heterogeneous inherited
metabolic bone disorder characterized by short
stature, long bone deformity, and susceptibility
to fracture from mild or inconsequential trauma
due to reduced strength and increased
brittleness of the bones [1]. It is a generalized
disorder of connective tissue and the most
common genetic cause of primary osteoporosis
in childhood [2]. It has been proposed that Ol be
defined as a syndrome of congenital brittle

bones secondary to mutation in the genes
codifying for pro-collagen genes (COL1A1 and
COL1A2) [3]. Majority of cases (approximately
90%) are due to genetic mutations involving the
two genes, collagen type 1, alpha 1 (COL1A1)
on chromosome 17921 and collagen type 1,
alpha 2 (COL1A2) on chromosome 7q22.1 [4,5].
Most of the mutations that cause Ol type 1 occur
in COL1A1 gene. Many of the other rare forms
of Ol are due to defects in protein involved in
cross-linking, hydroxylation, and mineralization

of type | collagen [2]. Type 1 collagen is a major
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protein constituent of bone, dentin, skin, sclera,
blood vessels and heart valves and plays a
maijor role in the pathogenesis of Ol. Essentially,
there are two molecular mechanisms resulting in
Ol caused by collagen mutation [6]. The first
mechanism is through chain exclusion in which
the mutant chain is not incorporated into
collagen triple helix, resulting in the milder Ol
type 1 because the abnormal microfibril is
unable to incorporate into the triple helix and is
thus degraded, leaving the remaining allele to
produce less structurally intact collagen triple
helix. The second mechanism is through chain
non-exclusion in which abnormal collagen chain
results in a defective helix (a qualitative defect).
The resultant dominant negative effect
manifests as more severe Ol types Il Ill and IV.
Worldwide, the incidence of Ol is one in 20,000
live births and the prevalence is six to seven per
100,000 [7] and its frequency appear similar in
all ethnic and racial groups. Some familial
recurrences of Ol are due to parental mosaicism
for dominant collagen mutation [2]. Classical Ol
(Sillence types I|-IV) are inherited as autosomal
dominant disorder, so also is Ol type V [2]. The
diagnosis of Ol is established by clinical criteria
and confirmed by genotyping of COL1A1 and/or
COL1A2 or other pertinent genes. However,
failure to detect a genetic mutation does not
necessarily rule out Ol [8]. Diagnosing the
various genes is challenging due to variability in
clinical manifestations and the high degree of
overlap in phenotypes. In literature, the variable

clinical manifestation has been linked to factors

such as epigenetics, modifiers  and
environmental influences [9].

Regarding the aetiopathogenesis of Ol collagen,
fibres are usually oriented in a preferential
direction with hydroxyapatite crystals located in
the ground substance within these fibres. The
hydroxyapatite crystals provide mechanical
rigidity and strength to the bone whereas the
fibres provide resilience. Individuals with Ol
have either less or poorer (or both) quality type |
collagen fibres than unaffected people, causing
their bones to deform or fracture (or both) [10].
The Sillence classification of 1979, divides Ol
into four types (I-IV) based on clinical and
radiographic findings [11].  However, this
classification has two major drawbacks which
are the overlapping nature among different
types and the difficulty in using it for prognosis
based on the type. Therefore, caution is advised
in the use of the numeric classification of Ol and
the severity must always be assessed in each
individual case. In 2014, this classification was
revised with introduction of Ol type V,
characterized by interosseous ossification with
propensity to develop hyperplastic callus [12].
However, this new classification system still
retains the Sillence classification for defects
associated with mutations in type 1 collagen
genes. Genomic tests can be done with collagen
analysis from fibroblast.

Among the oral manifestations of Ol
dentinogenesis imperfecta (DGI) is the most
prominent [13]. According to  Shield’s

classification, there are three types; DGI type 1
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(DGI-1), a syndromic form, always occurs in
association with Ol while DGI types Il and I,
non-syndromic forms, are not associated with Ol
[14,15]. The morbidity and mortality of Ol involve
the cardiopulmonary  system. Recurrent
pneumonias and declining pulmonary function
occur in childhood and a chronic lung disease
(cor pulmonale) may be seen in adults.
Neurologic  complications include basilar
invagination, brainstem compression,
hydrocephalus and syringohydromyelia. Apart
from these complications, Ol is a potentially
incapacitating clinical condition, interfering

negatively with quality of life (QoL).

The purpose of this report is to raise awareness
among clinicians of this rare clinical entity, the
familial clustering nature and psychosocial
impact. Additionally, to review the literature to
highlight its differential diagnosis as well as

challenges in diagnosis and management.

Case presentation

Case 1: A 5-year-old girl, born at term, to non-
consanguineous parents, presented to our
hospital with a history of poor growth noticed
from the age of 2 years and recurrent fracture of
the arms. First episode of fracture of left arm
was 3 years ago while the child was being
massaged at home. Second episode was one
year ago following a fall while attempting to walk.
Mother noticed poor growth since the age of 2
years, being markedly smaller than other

children younger than her. She can neither

stand nor walk, making it impossible for her to

enroll in school. She has no hearing difficulty.

Physical examination revealed small-for-age
stature, triangular facie and skull deformity. The
auxological findings include length 75.0cm (< 3
percentile, using Ol specific growth chart),
weight 9.5kg (< 3 percentile), BMI 16.9kg/m?
(751 percentile) occipitofrontal circumference
47.cm, Arm length 9.5cm, Forearm length
12.5¢cm, Chest circumference 43.5cm. Her vital
signs were within normal limits. Additional
findings include pectus carinatum,
dentinogenesis imperfect, skeletal deformities of
the long bones. Abdominal examination
revealed hepatomegaly. Cutaneous signs of
physical abuse were absent. The radiographic
findings include thickening of the diploid space
of the left parietal bone, defective modeling and
shortening of both humeri, generalized
osteopaenia with thinning of the ribs, defective
modeling of the femur bilaterally with bowing of

the femur and tibia bilaterally.

Case 2: A 9-year-old girl, born at term, to non-
consanguineous  parents, presented with
fracture of the femur 6 months ago and inability
to walk since then. This is the second episode of
fracture in this patient. The fracture occurred
following a fall having been pushed by another
child. She did not fall from a height. The first
episode of fracture was 6 years ago at the age
of 3 years. The fracture occurred when she

attempted to walk and fell. She has no hearing
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impairment. On examination, her weight was
15kg (< 3rd percentile), length was 90cm (< 3rd
percentile) and BMI 18.5kg/m2 (75t percentile).
She had deformity and shortening of right lower
limb. Part of the broken femur was protruding
posteriorly covered only by a scar. She also has
dentinogenesis imperfecta. There are no
bruises at the site of fracture. The patient has
stopped schooling because of progressive
deformity and fractures of the lower limbs.

The family/social history was remarkable. The
mother of the two siblings also has a positive
history of fracture of left femur following a fall
while walking after the rain at the age of 10
years. The mother (a petty trader) has no formal
education, and she does not know her age. The

father has primary school education, and he is a

Figure 1: Case 1 shows deformities of femur and tibia

carpenter. However, he abandoned the children
and their mother because of their clinical
condition. The patients’ medical care is being
sponsored by a kind-hearted man. On physical
examination of the mother, it was noted that she
has short stature (height 145cm) and weighed
40kg. She has skull deformity (like that of case
1) and dentine dysplasia. Having clinically made
a diagnosis of Ol, the patients commenced on
vitamin D supplementation 400units daily
because it is known that serum 25-hydroxy-
vitamin D is often low, because of immobility and
ultimately, insufficient exposure to sunlight. The
orthopaedic surgeon and physiotherapist were
invited to form a multidisciplinary healthcare

team.
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Case 1 shows long bone deformities Case 2 shows fracture of femur

Figure 2 shows deformities of low limbs in case 2.

Figure 3a: shows dentine abnormalities: A: Case 1 B: Case 2
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Figure 3b: shows dentine abnormalities: C:
Mother

Table 1: Summary of investigation results for cases 1 and 2.

Laboratory parameters Case 1 Case 2 Reference intervals
Serum calcium 7.6mg/dl 7.9mg/dl 8.0-10.5
Serum organic phosphate | 3.5mg/dl 4.0mg/dl 4.0 - 7.5mg/dI
Alkaline phosphatase 105iu/L 102iu/L <270

Serum urea 10mg/dl 9.6mg/dl 10.0-50.0
Serum sodium 139mmol/L 140mmol/L 135-145
Serum potassium 4.9mmol/L 4.5mmol/L 3.5-55
Serum bicarbonate 19.0mmol/L 20.0mmol/L 20-30
Serum chloride 100.0mmol/L 102.0mmol/L | 99 -107
Serum creatinine 0.4mg/dl 0.3mg/dl 06-14
Aspartate aminotransfarse | 56iu/L 48iu/lL <40

Alanine aminotransferase 28iu/L 26iu/L <40

Total bilirubin 0.7mg/dl 0.5mg/dl 02-1.2
Conjugated bilirubin 0.3mg/d! 0.3mg/dl 0.2-0.6
Non-conjugated bilirubin 0.4mg/dl 0.2mg/d| 0.1-0.2
Total protein 6.7g/dl 7.0g/dl 6.0-8.2
Serum albumin 3.8.g/dl 4.0g/dl 3.3-51
Serum globulin 2.8g/dl 3.0g/dl 2.0-32
Packed cell volume 37.0% 40.0% 33-50
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DISCUSSION/LITERATURE REVIEW

In this report, the diagnosis of Ol was based on
history of repeated fractures secondary to mild
trauma, positive history of pathologic fractures in
a first degree relative (mother), physical
examination findings (severe short stature,
dentinogenesis imperfect) and radiographic
findings of lower limb fractures, long bone
deformities as well as generalized osteopaenia.
In summary, the known triad of Ol (namely,
fracture from minor trauma, long bone curvature
deformity and growth deficiency) were present
in the two siblings. The hallmark of Ol in children
is fractured due to minimal trauma and this
history was positive in the two siblings including
their mother, further reinforcing the diagnosis.
Lack of adequate laboratory facility prevented
performing both the collagen biopsy test and the
DNA test which are thought to detect nearly 90%

of all type 1 collagen mutations [16].

It is noteworthy that the first case sustained
fracture of the upper limb rather than the lower
limb which typically is involved in fractures. In
addition, the two siblings presented here
exhibited clinical features in keeping with
Sillence Ol type IlI, which is characterized by
severe short stature, progressive skeletal
deformities, recurrent pathologic fractures with
minimal trauma, scoliosis, triangular-shaped
face, basilar skull deformities, dentinogenesis
imperfecta as well as thinning of the ribs.

Applying the flowchart for clinical diagnosis of Ol

suggested by the Indonesian Paediatric
Association Clinical Practice Guideline on Ol, it
further supported the diagnosis of Ol type IIl in
the two siblings presented here [17].  The
possibility that the index cases are Ol type Il is
further reinforced by the report of a study in
South Africa regarding its relative prevalence in
Blacks. In that report, a study involving children
from South Africa and Zimbabwe showed that Ol
type Il is relatively common in an indigenous
Black population [18]. The results of a study in
South Africa showed that among indigenous
black population of South Africa, the minimum
population frequency of Ol type Ill was 6 per
100,000 [19].

In addition to these characteristics, the mother
also has a positive history of pathological
fracture at the age of 10 years, indicating familial
clustering. Physical examination of the mother
showed dentine dysplasia, skull deformity and
triangular-shaped face similar to that of the
observed in Case 1, suggesting that the mother
also has Ol, probably of a lesser severity than
that of her offspring. In this regard, most likely Ol
type 1 (the most common subtype of Ol) or type
IV (intermediate severity). Thus, illustrating the
heterogeneous nature of Ol. This finding is
supported by a recent report by Cruz-Centeno
et al [20] in Puerto Rico in which a mother and
her two children (a male and a female) had Ol.
In the present report, the mother and her two
daughters are affected. It has been documented

that majority (approximately 90%) of cases of
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type 1 collagen mutation involve autosomal
dominant mode of inheritance [4,5]. There is no
history of consanguinity in parents. The father
did not have similar history or physical features.
In a comprehensive review article, the authors
stated that the differential diagnosis of Ol is
largely determined by the age of presentation

and clinical severity [7].

In that review, the stated common differential
diagnosis of Ol includes osteopaenia of
prematurity, hypophosphataemia, idiopathic
juvenile osteoporosis and non-accidental injury.
The two siblings (index cases) were full term
deliveries, making osteopaenia of prematurity

unlikely.

In hypophosphataemia, serum phosphate is low
while alkaline phosphatase is elevated. In the
two siblings, these biochemical parameters
were within normal limits, and the typical
radiographic  features  (flaying, splaying,
cupping) of rickets were absent, making

hypophosphataemia less likely.  Idiopathic

juvenile  osteoporosis (IJO) presents in
previously healthy prepubertal children (usually
2 to 3 years before puberty) and resolves
spontaneously over 2 to 5 years [21].

This disorder (IJO) is not inherited, therefore
familial clustering is not expected. Non-
accidental injury may be distinguished by
metaphyseal, rib and skull fractures. Such
pattern of fracture was absent in the two siblings
presented and there was no history suggestive
of non-accidental injury. Bruises which are
typical of non-accidental injury were absent on
examination of the skin of these two siblings.
Also, multiple injuries and fractures at various
stages of healing were absent. The risk of non-
accidental injury is inversely related to age, with
majority of the victims being below two years of
age [22].

In contrast, the index cases were aged 5 and 9
years, respectively. These findings further make
non-accidental injury less likely. Further details
are shown in Table 2 [23] and it outlines the key

features of the common differential diagnosis.

Table 2: Common differential diagnosis of osteogenesis imperfect

Clinical condition Clinical features

Non-accidental injury
presence of bruises.

May be distinguished by metaphyseal, rib and skull fractures and

Rickets Distinguished by typical radiographic features of fraying, splaying cupping at

metaphysis. Widening of the wrist and ankle.
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Infantile Presents with a low alkaline phosphatase levels and spurs extending from sides of

Hypophosphatasia

the knee and elbow joints. Presence of excessive excretion of
phosphorylethanolamine in urine.

Campomelic dwarfism

Congenital bowing and angulation of long bone may be

(compomelic dysplasia) | mistaken for Ol but fractures are not common. They have peculiar facial anomalies

(flat face, long philtrum, micrognathia). Survival beyond the newborn period is rare.

Achondroplasia
differentiate

Rhizomelia and enlarged head, radiographs sufficient to

Idiophatic juvenile
Osteoporosis

The disorder is characterized by its prepubertal onset (2 to 3 years
before puberty) and resolve spontaneously after puberty.

Adapted from Phonela et al [23]

In the present report, dentine abnormalities were
observed in both the mother and her two
daughters. The results of a study by Sillence et
al [11] indicated that dentinogenesis imperfecta
(DGI) was presentin 50% of cases of Ol, making
it a relatively common finding in patients with Ol.
Similarly, in a study in Vietnam involving 68
children aged 3 to 17 years with Ol, 47.1% of
them had DGI [24]. The two siblings (females)
had dentinogenesis imperfecta; a clinical feature
which has been reported to be more common in
girls than boys [25]. The results of a study by
Yamagulti et al [26], showed that dentinogenesis
imperfecta is a common finding in Ol and that its
frequency is higher in patients with COL1A2
than in those with COL1A1 mutation. In this
context, is it possible that the index cases have
COL1A2 instead of COL1A1 mutation? Sillence
et al [11] observed that DGI is more common in
Ol type lll than other subtypes. Similarly,
Andersson et al [27] reported a higher
prevalence (86%) of DGl among children and

adolescents with Ol type llI. In this context, the
results of the two studies increased the
possibility that the two siblings reported here
may have Ol type Ill. This view is further
supported by literature in which it was stated that
abnormal dentition has been observed in 80% of
children less than 10 years of age with Ol type
[l [20]. The two siblings presented here are
below 10 years of age. Additionally, it is
documented in literature that Ol type Il is an
autosomal-dominant trait due to point or frame-
shift ~ mutations in  COL1A1(Gly154Arg,
Gly844Ser) and COL1A2 (Gly526Cys) [20].
Appropriate dental care can lead to improved
control of oral disease, function and esthetics in
DGI.

There exists a wide variation in clinical
characteristics of different types of OI, among
people with the same type of Ol, and within
members of the same family with a particular
type of Ol. In the present report, the mother did
not have any repeat episode of fracture since

36



Pacific Journal of Medical Sciences, Vol. 27, No 1, November 2025

ISSN: 2072 — 1625

the first at the age of 10 years, illustrating the
variability in severity. However, she has dentine
dysplasia, triangular-shaped face,  skull
deformity, and short stature resembling those
present in younger child (Case1). In sum, these
features suggest that the mother has
undiagnosed Ol but does not have deformity of
long bones and reoccurrence of fractures noted
in her two daughters. This variation in clinical
findings is in keeping with what has been
documented in literature which stated that the
mutation will usually be identical in a given
family but its expression (i.e., the degree of
severity and the number of fractures) may differ
among members [16]. This characteristic points
to the importance of molecular diagnosis which
is useful for counseling on prognosis,
recurrence, and heritability as well as for
variable response to drugs [11]. In the index
cases, there was no molecular diagnosis
because of lack of laboratory facility for that
purpose in the health facility where we practice.
Some of the clinical features present in the index
cases and their scientific bases are worthy of
note. The triangular facial shape is due to
overdevelopment of the head and
underdevelopment of the face bones [28]. The
brittle teeth (dentinogenesis imperfecta) is one
of the most important oral findings in type Ill Ol
and inherited in an autosomal dominant fashion.
(DGI) s

characterized by presence of opalescent yellow

Dentinogenesis  imperfecta

brown-coloured brittle teeth and can affect both

primary and secondary dentition as illustrated in

the index cases. The enamel may be normal in
thickness but gets dislodged easily because of
smooth dentinoenamel junction, exposing the
softer dentin [29]. Genetic analyses have found
two subgroups of DGI namely, DGI type 1,
syndromic form which is associated with Ol and
DGl type I, non-syndromic form that is not
associated with Ol [30,31]. The progressive
deformities of long bones result from frequent
fractures of long bones, tension of muscles on
soft bones, and the disruption of growth plates.
Children with Ol type Il have severe short
stature and as adults are shorter than 102cm
[28]. The increased curvature of the long bones
leads to increase in maximum stresses within
the bone shaft. Such increase in stresses
attributed to bone deformities in Ol might
contribute to occurrence of bone fractures. The
altered structure of the growth plates gives a
popcorn-like appearance to the metaphyses and
epiphyses. In Case 1, pectus carinatum was
present but absent in case 2, illustrating
variability in manifestation of Ol in a given family.
The total serum calcium was slightly reduced in
both siblings presented here. Vitamin D and
calcium are vital components of skeleton, and
their deficiency can worsen the osteopaenia
caused by Ol Therefore, vitamin D
supplementation at maintenance dose of
400units daily was prescribed for the patients. In
individuals with Ol, outdoor activity decreases
due to limited mobility and the resultant
insufficient exposure to sunlight may contribute

to vitamin D deficiency.
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Regarding gender, the two siblings presented
here are females. Although in literature, it is
stated that there is no significant gender
difference in incidence of Ol, many cases
reported from Nigeria, Akiola et al [32] in Lagos
and Ogundare et al [33] in Ado Ekiti were all
females. So also, was the case reported by
Bastos et al [34] in Angola. In consonance, the
results of a study in Iran involving 23 children
showed that 69.1% were females and the rest
were males [25]. In a nation-wide data analysis
in Taiwan involving 319 patients with validated
0Ol, 52% were females [35]. Even in the context
of subtypes of OI, Aglan et al [36] in Egypt
observed that among 24 children with Ol type |ll,
66.7% were females while the rest were males.
Al pointing  towards  slight  female
preponderance.

Consistent with the results of the study by Lund
et al [37], the two siblings and their mother had
short stature. In that study, it was emphasized
that the frequency and severity of growth
retardation were more in patients with Ol types
Il and IV. Typically, by the age of 2 to 3 years
the growth retardation becomes obvious with
stature below the third centile [38]. The two
siblings being reported here have stature less
than third percentile. However, the patients’
mother was unable to state the age at which
growth failure was noticed in her children as she

was more concerned with the fractures. The
poor linear growth and short stature in patients
with Ol has been linked to skeletal abnormalities
such as lower limb bowing and extremity
fractures, scoliosis, vertebral compression and
growth  plate  disintegration  (“pop-corn
epiphyses” typical of severe OI) [3]. In that
report, it was stated that short stature is the
hallmark of moderate and severe Ol. In
addition, defective osteoblastic/lbone matrix
feedback on growth hormone-IGF 1 axis has
been suggested as a mechanism for the short
stature observed in Ol types Il and IV [37,39].
Apart from the classification suggested in 1979
by Sillence [11], newer classification of
osteogenesis imperfecta by the International
Nomenclature ~ Group for  Constitutional
Disorders ICHG of the Skeleton (INCDS) (and
preferred by Orthopaedic Surgeons) proposed
that Ol syndromes be classified into five different
groups based on phenotype alone.
Consequently, five clinical types of Ol are
generally recognizable with routine diagnostic
methods, namely history, clinical examination
and radiographs.

The division of Ol according to the INCDS
classification uses Roman nomenclature for
identification and uses Arabic nomenclature to
indicate phenotypes [12] and this is outlined in
Table 3 (INCDS classification).
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Table 3: The International Nomenclature Group for Constitutional Disorders ICHG of the Skeleton

(INCDS).

New Ol classification/Ol type Phenotype

1/l Mild non-deforming

2011 Severe, seen as perinatal and lethal forms
3/, VI, VI 1X, X, Bruck Moderately severe, progressive deforming
syndrome Type 1

4NV, 1V, VI, XI, XII, XIIE

Moderate

5/V, osteoporosis-pseudoglioma syndrome,
Idiopathic juvenile osteoporosis, Bruck
syndrome Type 1 and Type 2

Presence of moderate calcification of
interosseous membranes.

Ol = Osteogenesis imperfect. Adapted from [12]

Healthcare issues in Ol type Ill include the need
to prevent fracture cycles, the need to develop
strategies to cope with short stature, fatigue and
the family’s need for emotional support. It is
equally important to address difficulties with
social integration, participation in leisure
activities and maintaining stamina [28]. In
hospitals, non-invasive blood pressure cuff
should be positioned carefully, but in some
patients intra-arterial catheter is needed.

An important but often overlooked aspect of
management of children with Ol is the
psychological care of the patients and their
families. In Case 1, she has never walked at the
age of 5 years and has never been enrolled in
school. Although Case 2 was able to walk
initially but lost the capacity by the age of 9 years
and as a consequence, dropped out of school.
Thus, illustrating the psychosocial problems of
Ol on the sufferers as well as its adverse effects
on quality of life. The parents were deeply sad
because of the physical disability of their

children. This feeling progressed to
helplessness and depression. A similar finding
was reported in South Africa by Stephen et al
[40]. With the financial support provided by a
kind-hearted individual who is now sponsoring
the healthcare of the two siblings the mother
expressed some happiness. Childhood Ol
imposes a huge financial and psychological
burden on the sufferers and their families as
illustrated in the present report. The parents of
the two siblings not only must perform their daily
duties, roles and obligations but also meet the
specific needs arising from their children’s
clinical conditions. This causes serious
disruption of the family dynamics [41]. In the
index cases the mother is the prime caregiver
having been abandoned by their father. The
potential effect on the mother is physical and
psychological exhaustion due to accumulation
of functions at home [42]. As a result, this
mother can develop health problems and can be
considered a “hidden patient” even if she did not
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have Ol. One of the strategies to assess the
impact of the child’s disease on the caregiver is
by performing an assessment of the quality of
life (QoL). Such assessment of QoL is based on
the  following aspects: subjectivity,
multidimensionality and the presence of positive
(i.e., mobility) and negative (i.e., pain,
dimensions) [43].

Treatment of Ol poses a serious challenge
because the available treatment modalities do
not target the underlying collagen defect. Modes
of therapy vary depending on severity of the
disease, degree of impairment, and age of the
individual. The goals of pharmacological therapy
include reducing associated pain and risk of
reoccurrence of fractures as well as accelerating
growth, improving bone metabolic indicators,
bone histomorphometry, bone mineral density,
improving mobility and independence [44-46].
Other therapeutic modalities in Ol include
physical therapy, rehabilitation and orthopaedic
surgery. All these modalities of treatment are
aimed at improving the quality of life of both the
child and their primary caregivers. It must be
emphasized that the chances of achieving these
goals depend heavily on a well-coordinated
multidisciplinary approach.

CONCLUSION

The heterogeneous nature of clinical
manifestations of Ol presents serious
challenges in diagnosis and management,
particularly in  resource-poor  countries,

highlighting the need for increased awareness

among clinicians. Some clinical features such
history of fracture of long bones with minimal
trauma, positive family history and physical
findings such as dentinogenesis imperfecta and
blue sclera, where present, may aid diagnosis.
In general, diagnosis depends heavily on clinical
features and radiographic findings. In low- and
middle-income countries conventional
radiography is a key to identifying the hallmark
features Ol such as generalized osteopaenia or
osteoporosis, long bone deformities and
multiple fractures.

Multidisciplinary approach is indispensible for
successful management. In this context, the
team of specialists should include
paediatricians, geneticists, endocrinologists,
orthopaedic surgeons, physiotherapists, and
nutritionists to handle the various needs of the
patient.
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ABSTRACT

Russell's viper (Daboia russelii) envenomation is a major cause of morbidity and mortality in
Myanmar, often complicated by acute kidney injury (AKI), disseminated intravascular coagulation
(DIC), and shock. Serum lactate dehydrogenase (LDH), a marker of tissue injury and hemolysis,
shows promise as an indicator of envenomation severity. The objective of this study is to
determine the association between serum LDH levels and clinical outcomes in patients with
Russell's viper envenomation. A hospital-based cross-sectional study was conducted at
Mandalay General Hospital, Myanmar, from January to December 2018. Patients admitted within
72 hours of confirmed Russell’s viper bite were included. Serum LDH was measured 18-72 hours
after the bite, and outcomes recorded included AKI, DIC, shock, and mortality. Statistical analysis
was performed using t-tests and one-way ANOVA, with p < 0.05 considered significant. Serum
samples of 98 patients were analyzed (62.2% male; median age 35 years, range 12-64 years).
AKI occurred in 49 (50.0%), DIC in 23 (23.5%), shock in 20 (20.4%) and only 5 (5.1%) patients
died. Mean serum LDH was significantly higher among patients with complications: AKI 902.7 vs
389.5 IU/L (p < 0.001), shock 1004.5 vs 554.2 IU/L (p < 0.001), DIC 1100.0 vs 506.9 IU/L (p <
0.001), and death 1146.8 vs 619.2 IU/L (p = 0.012). Elevated serum LDH was strongly associated
with AKI, DIC, shock, and mortality in Russell’s viper bite patients. LDH is an inexpensive and
widely available biomarker and is useful for early risk stratification to guide clinical management.

Keywords: acute kidney injury; disseminated intravascular coagulation; envenomation; lactate
dehydrogenase; snake bites.
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INTRODUCTION:

Snakebite envenomation is a significant
public health issue in Myanmar, where the
Russell's viper (Daboia russelii) accounts
for 90% of snake bites, with a case fatality
of 8.2% [1]. Complications from Russell's
viper bites include acute kidney injury (AKI),
disseminated intravascular  coagulation
(DIC) and shock, which contribute to
morbidity and mortality, especially in rural
agricultural ~ regions  where  delayed
presentations and limited access to

healthcare are common [2,3].

Early identification of patients at risk of
severe envenomation is crucial for the
timely management and effective use of
anti-snake  venom  (ASV).  Clinical
parameters, such as prolonged bite-to-
injection time and uncoagulable blood
status have been associated with poor
outcomes [4,5]. However, laboratory
markers that can be rapidly and
inexpensively measured are needed to
improve prognostication. Serum lactate
dehydrogenase (LDH), a widely available
enzyme marker of tissue injury and
hemolysis has been proposed as a potential
indicator of envenomation severity [6].
Elevated LDH levels have been associated
with hemolysis, rhabdomyolysis and organ
dysfunction in viper bite victims [7,8].

This study aimed to evaluate the association
between serum LDH levels and clinical
outcomes, including AKI, shock, DIC and
mortality among patients with Russell's
viper bites admitted to Mandalay General
Hospital, Myanmar. This hospital is a major
tertiary referral center that receives
snakebite cases from the Mandalay,

Sagaing and Magway regions.

METHODOLOGY

This was a hospital-based cross-sectional
study conducted at Mandalay General
Hospital, Myanmar from 1st January to 31st
December 2018. All patients admitted within
72 hours of a Russell's viper bite were
included. Snake identification was based on
the description provided by the patient or
eyewitnesses, inspection of the dead snake
(if available), and/or the presence of clinical
features  consistent  with  systemic

envenomation.

Patients were excluded if they had pre-
existing medical conditions known to
elevate serum LDH, such as hemolytic
anemia, pancreatitis, chronic hepatitis,
lymphoma, leukemia, carcinoma, recent
myocardial  infarction or  pulmonary
embolism. Patients who were already
presented with AKI, shock or DIC on

admission were also excluded.
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The following details were obtained from the
hospital records:

demographic data, time of the snake bite,
time of hospital admission, and time of
administration of ASV, as well as clinical
manifestations and complications, such as
AKI, shock, DIC and mortality. Serum LDH
was measured between 18 and 72 hours
after viper bite using the kinetic method
(ABX Pentra LDH CP reagent, Pentra C400
automatic chemistry analyzer). Serum
creatinine was measured daily for the first
three days of admission.

The platelet count, the activated partial
thromboplastin ~ time  (APTT), and
prothrombin time (PT) were measured in
patients  with  spontaneous  bleeding

manifestations.

Acute kidney injury (AKI) was defined as a
rise in serum creatinine of at least 1.5 times
the baseline or urine output below
0.5mL/kg/hr for at least 6 hours. Patients
were considered in shock if the systolic
blood pressure was below 80 mm Hg or
inotropic support was needed, while DIC
was diagnosed in patients with spontaneous
bleeding, prolonged PT or APTT and low

platelet count.

Data was entered into Microsoft Excel and
analyzed using Statistical Program for

Social Science (SPSS). Continuous

variables were expressed as mean
(standard deviation, SD) and categorical
variables as frequencies and percentages.
Differences in mean serum LDH between
two groups were assessed using the
independent t-test or among three or more
groups using one-way analysis of variance
(ANOVA). Normality was assumed based
on the sample size and data distribution. A
p-value of <0.05 was considered statistically

significant.

The study protocol was approved by the
Postgraduate Academic Board of the
University of Medicine, Mandalay. Patient
data were anonymized prior to analysis, and
all procedures complied with the principles

of the Declaration of Helsinki [9].

RESULTS:

There were 98 patients with confirmed
Russell's viper bites, of which 61 (62.2%)
were male and 37 (37.8%) were female. The
median age of all the patients was 35 years
(range 12 to 64 years), with the highest
proportion in the 31 to 40 years age group.
Most patients were from the Mandalay
region (59.2%), followed by Sagaing
(37.8%) and Magway (3.1%).

All patients received ASV. The bite-to-
needle time for administration of anti-snake

venom was within 3 hours for 89 (90.8%),
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between 3 and 6 hours in 7 (7.1%) and
beyond 6 hours in 2 (2.0%). Nineteen
patients (19.4%) received less than ten vials
of ASV, 33 (33.7%) received 10 to 20 vials,
23 (23.5%) received 20 to 30 vials, and 23
(23.5%) required more than 30 vials. The
mean total volume of ASV used per patient
was 201 mL, increasing to 272 mL among

patients who died.

Among the 98 patients, 42 (42.9%) had no
complications, 26 (26.5%) developed one
complication, while 30 (30.6%) had two or
more complications. AKI occurred in 49
(50.0%), shock in 20 (20.4%), DIC in 23
(23.5%), while mortality occurred in 5 (5.1%)

patients.

Serum LDH was measured in 91 patients;
56 (61.5%) had LDH levels above the
normal range. LDH was significantly higher
in patients with AKI (902.7£72.5 IU/L) than
those without AKI (389.5+28.4 IUIL, p <
0.001). Patients with shock had a higher
mean serum LDH (1004.5 £ 63.8 IU/L)
compared to those without shock (554.2 +
51.5 IU/L, p<0.001). Patients with DIC also
had a higher mean serum LDH (1100.0 +
137.5 IU/L) compared to those without DIC
(506.9 £ 29.8 UL, p < 0.001). LDH
increased progressively with the number of
complications, where mean serum LDH was
3319 £ 128.8 IU/L in patients with no

complication, 651.2 £ 159.1 IU/L with one
complication and 1081.5 £ 573.5 |U/L with
two or more complications (p < 0.001,
ANOVA). Patients who died also had a
significantly higher LDH (1146.8 + 148.9
IU/L) compared to 619.2 £ 47.0 IU/L (p =

0.012) in survivors.

DISCUSSION:

This study evaluated the association
between serum LDH levels and clinical
outcomes among patients with Russell’s
viper envenomation admitted to Mandalay
General Hospital. LDH levels were
significantly higher in patients with AKI,
shock, DIC and mortality, compared to
patients without these complications. The
progressive rise in LDH with increasing
number of complications also adds weight to
support its role as a biochemical marker of
disease severity. These findings are
consistent with studies showing that
elevated LDH reflects tissue injury,
hemolysis, and rhabdomyolysis following
viper envenomation [7,8, 10].

The mechanisms for these complications
include phospholipase A2-mediated cellular
damage, coagulopathy, and
microangiopathic hemolysis, which has
been described in detail previously [6]. LDH
elevation likely represents a composite

effect of direct venom toxicity and
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secondary complications such as DIC and
renal ischemia. As LDH rises within 18
hours of cell injury after Russell’'s viper bite,
and remains elevated for several days, it
offers a practical time window for clinical
monitoring during the early phase of

hospitalization.

The proportion of patients who developed
AKI (50%), DIC (23.5%) and shock (20.4%)
are similar to previous reported cases from
Myanmar [11,12]. However, the mortality
rate in this study was lower (5.1%)
compared to the other studies, which
exceeded 10% [11,12]. This may reflect
improved ASV availability in this tertiary
center. In addition, patients with delayed
treatment beyond three hours, or requiring
higher ASV doses tended to experience
more severe complications. These findings
support the continuing importance of timely
anti-venom administration and supportive

care.

From a clinical perspective, LDH is an
inexpensive and widely available assay in
Myanmar. Routine LDH measurement may
aid early identification of patients at risk of
systemic envenomation and guide triage
decisions, especially where advanced
laboratories or imaging faciliies are
unavailable. However, LDH is non-specific

and may also be elevated in conditions such

as myocardial infarction, sepsis or hemolytic
anemia [13]. Thus, interpretation should be
contextual and combined with clinical

assessment and other laboratory indices.

The main limitations are that the study was
conducted in a single tertiary center and
may over-represent severe referred cases,
leading to selection bias. The cross-
sectional design limits causal inference, and
LDH trends over time were also not
measured. Future prospective studies with
serial LDH measurements may help

validate its prognostic utility.

CONCLUSION

Serum LDH showed a strong association
with AKI, DIC, shock, and mortality in
Russell’s viper bite patients. As LDH is an
inexpensive and widely available biomarker,
LDH shows potential as a useful adjunct in
assessing envenomation severity and

guiding management in snake bite patients.
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ABSTRACT:

Consumption of Cannabis sativa (CS) (Marijuana) has been known to be a psychoactive substance which
has deleterious effects on the body cells. This study was conducted to investigate the inflammatory
responses in male and female Wistar rats following administration of CS. Twenty male (m) and twenty
female (f) rats were separately assigned into four groups of five animals each. The rats in groups 1m &
If, 2m & 2f, 3m & 3f and 4m & 4f received orally 1mL of distilled water (control), 2mg/kg body weight (bw)
of CS, 4mg/kgbw of CS and 6mg/kgbw of CS respectively for twenty-one (21) days. Inflammatory markers
(C-reactive protein (CRP), Tumor necrosis factor (TNF), Interleukin-6 (IL-6), Myeloperoxidase (MPO),
and Nitric oxide (NO)) were quantified using standard procedures. There was no significant (p>0.05)
difference in CRP, TNF, IL-6, MPO, and NO in the groups treated with low dose of CS (2mg) but with
significant (p<0.05) increase in high doses (4mg and 6mg) groups when compared with the control in
both male and female rats. This study showed that CS stimulated inflammatory responses due to increase
in CRP, TNF, IL-6, MPO, and NO levels compared to that of the control. However, this effect was dose-
dependent, and it was more in male than female rats.

Keywords: Cannabis sativa, Inflammatory markers, Dose-dependent, Wistar rat
Submitted: November 2025, Accepted: December 2025
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INTRODUCTION:

Cannabis sativa (CS) is commonly referred to as
Marijuana, dope, pot, grass, weed, head,
MaryJane, doobie, bud, ganja, hashish, hash,
and bhang and has long been used in folk
medicine. It is anxiolytic, sedative, analgesic
and psychedelic. About 3.9% of the world's
population used CS, according to the World
Drug Report [1]. Cannabis derivatives, such as
delta-9-tetrahydrocannabinol (delta-9-THC) and
cannabidiol (CBD), are involved in several
neurotransmitter systems, such as
glutamatergic, serotonergic, noradrenergic, and
dopaminergic neurons [2]. These
neurotransmitters are responsible for the
therapeutic and recreational effects of cannabis.
Inflammation is the body's innate response to
injury or insult, including infection, trauma,
surgery, burns, and cancer. Cytokines are a
small group of proteins released into the
bloodstream during inflammation. If their
concentrations increase or decrease by at least
25%, they can be wused as systemic
inflammatory markers [3-6]. The inflammatory
markers, also known as acute phase reactants,
that are most measured in clinical practice are
C-reactive  protein  (CRP), erythrocyte
sedimentation rate (ESR), interleukin-10,
interleukin-6, and tumor necrosis factor (TNF).
Several research works have been done on
effects of cannabis on inflammatory markers
both in human and animals [3-6]. However, none

of these research works has explored gender

differences as well as variations in the dosages
of CS. This research work, therefore, aims to
bridge these lacunae by investigating the effects
of CS on both male and female Wistar rats to
identify potential sex differences and examine
specific inflammatory markers (CRP, ESR, IL-6,
TNT and NO), including their dose-dependent

effects.
METHODOLOGY:
Sample collection:

Cannabis sativa (CS) leaves were donated by
the National Drug and Law Enforcement Agency

(NDLEA), Nigeria, for research purpose only.

Extraction of Cannabis sativa leaves

Extraction of Cannabis sativa (CS) was done
with Soxhlet apparatus by soaking 600 grams of
CS in 98% ethanol for 48 hours. It was filtered
and the filtrate was poured into a round-boom
conical flask it was fixed with a rotary
evaporator. The filtrate was then evaporated
and cooled. The dried yield of the extract was
60g (weight of the extract obtained after drying).

Experimental animals

Twenty male rats with mean weight of 160 *
1.12g and twenty female rats with mean weight
of 125 £ 1.35gused in the present study were
obtained from Temilade Animal Venture,
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Ogbomoso, Oyo State, Nigeria. The animals
were housed at room temperature with
unrestricted access to diet and water and
maintained on a daily light/dark cycle. Principles
of laboratory animal care (NIH publication No.
85-23, revised 1985) were followed. The
experimental protocol was approved by Ethical
Committee of the Jimoh Babalola University,
llorin, Kwara State, Nigeria with approval
number (JBU/ERC/2025/05).

Experimental protocol:

After 2 weeks of acclimatisation, the animals
(male (m) and female (f)) were separately and
randomly assigned into four groups of five

animals each for male and female.

The rats in groups 1m & 1f, 2m & 2f, 3m & 3fand
4m & 4f received orally (in the morning) 1.0 mL
of distilled water (control), 2.0 mg/kg body
weight (bw) of CS, 4.0 mg/kg bw of CS and 6.0
mg/kg bw of CS respectively, for twenty-one
days. The animals had access to food and water

ad-libitum. They were sacrificed after day 21.
Preparation of serum:

The male and female rats were sacrificed under
ketamine anesthesia and blood was collected by
cardiac puncture into sample bottles. The blood
was left for 30 min to clot and thereafter
centrifuged at 625xg for 10 min using a
Uniscope  Laboratory  Centrifuge  (Model
SMB800B, Surgifield Medicals, Essex, England).

The serum was collected into plain bottles with
the aid of a Pasteur pipette. Sera were stored in
a freezer maintained at -5 °C and used within 12

hours of preparation.

Assay kits:

The Inflammatory markers (TNF, IL-6, NO,
MPO, AND CRP) were quantified according to
the instruction provided by assay kit
manufacturers, using microplate
immunoenzymometric (EMA/ELISA) assays [7].
The serum inflammatory markers
concentrations were then interpolated from their
respective calibration curves. The analyzer was
calibrated and validated for use with rat sera. All
the assay kits used were products of Monobind
Inc., Lake Forest, California, USA. All other
chemicals used were products of Sigma Aldrich

Company, Mannheim, Germany.

Statistical analysis:

Results were expressed as the mean + standard

error of mean (S.E.M).

Data was analyzed using a two-way Analysis of
Variance, followed by the LSD post-hoc test to
determine significant differences in all the
parameters with the aid of graph pad, version
9.0. Differences with values of P<0.05 were

considered statistically significant.
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RESULTS:

Table 1: Showing inflammatory markers of rats (male and female) for control and treated (2.0 mg/kg
bw, 4.0 mg/kg bw and 6.0 mg/kg bw) groups.

Interleukin-6 Tumour C-reactive Nitric oxide Myeloperoxidase
(pg/ml) necrosis protein (Um) (un
factor (ng/ml)

Control (m) 0.3+0.012 14.0£0.321 18.0£0.010 3.0£0.112 0.4010.041
Control (f) 0.1+0.005 9.0+0.270 10£0.341 1.0£.0.051 0.22+0.070
2mg/kg bw CS(m) | 0.7£0.021 35.0+1.042 45.0+1.123 5.0+0.250 0.58+0.023
2mglkg bw CS (f) | 0.3+0.012 18.0+0.385 28+1.014 2.0+0.030 0.4240.050
4mglkg bw CS (m) | 1.2+0.041 48.0+1.2302 | 55.0+0.9802 | 9.0+0.7412 0.81+0.037 2
4mglkg bw CS () | 0.6+0.032ab 30.0£0.973 a0 | 40.0£0.778 2 | 5.0+0.0552P | 0.55+0.043 ab
6mg/kg bw CS (m) | 1.8+0.022 a 60.0+1.721a | 75.0+1.312a | 12.0+1.027a | 0.97+0.008 a
6mgl/kg bw CS (f) 1.440.017 2> | 42.041.069 2> | 58.0+1.070 2> | 7.0+0.084a> | 0.73+0.016 ab

Note: aP<0.05 vs control and 2.0 mg/kg bw (m and f); bP<0.05 vs (4.0 and 6.0) mg/kg bw male.

The results obtained are presented in Table 1.
There was no significant (p>0.05) difference in
CRP, TNF, IL-6, MPO, and NO levels in the
groups treated with low dose (2.0 mg) of CS
when compared with the control. However,
there were significant (p<0.05) increases at high
doses (4.0 mg and 6.0 mg) of CS when
compared with the control. In addition, there
were significance (p<0.05) differences in CRP,
TNF, IL-6, MPO, and NO levels in the groups
treated with high doses between male and

female rats.

DISCUSSION:

There exists a tight integration between the
immune and nervous systems, the so-called

inflammatory reflex, capable of influencing both

systems in response to inflammatory and

infectious agitation of homeostasis [8].
Essentially, the autonomic nervous system is
implicated in a bidirectional inflammatory reflex
with the vagal nerve being the main neuronal
substrate of an immunoregulatory role, providing
a fast and subconscious anti-inflammatory
response [9]. Given their important role, many
experts have speculated that CS plays a role on
inflammatory markers. Several studies have
shown that the effects of CS on various
physiological processes are dose-dependent
[10-18]. Although research implicating the role of
inflammatory markers is still evolving, there is
some evidence for the role of Inflammatory
markers, such as interleukin-6, Nitric oxide,
tumour necrosis factor, myeloperoxidase and C-
body.

implicated in

Reactive protein in the These

inflammatory markers are
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inflammation of the body more broadly and may
be activated through injury, burn or infection. For
example, a physical condition in which part of
the body becomes reddened, swollen, hot and

often painful.

Our findings revealed that CS (at high doses)

stimulated  inflammatory  responses by
increasing the levels of TNF, IL-6, NO, MPO,
AND CRP in the animals. This could be due to
tissue injury caused by CS which was consistent
with the finding of Wang et al [20]. However, no
changes in the levels of these inflammatory
markers were observed at low doses,
suggesting that the mechanisms of action of CS-
receptors are dose-dependent. Additionally, the
effect of CS on inflammatory markers were more
in male than in female. This may be attributed to
sex-dependent  differences in  cannabis
metabolism and interactions  between
the endocannabinoid system and sex hormones
which could prone females to be more sensitive
to the behavioral and physiological effects of
cannabis than males [18]. Another factor could
be through cannabinoid receptor expression and

signaling pathways.

Cannabinoid receptors are more widely

distributed in males than females [21].

CONCLUSION:

This study showed that CS could cause toxicity

on inflammatory markers which could be

mediated by causing tissue injuries. However,
these effects were dose dependent. This study
concluded that consumption of CS at high doses
could impose serious threat on inflammatory

markers in both sexes.
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ABSTRACT

The University of Papua New Guinea’s School of Medicine and Health Sciences (SMHS) is transitioning
into a stand-alone university. A new academic program proposed for immediate implementation is the
Medical and Health Sciences Foundation Year with Communication Skills as one of the courses.
Communication skills is a cross-cutting component taught throughout the undergraduate medical
program. Other undergraduate programs are yet to develop communication skills as a core curriculum.
This protocol is to guide the development of a core communications curriculum for each program in the
PNGUMHS. Experts, stakeholders and faculty, from each program are identified to participate in the
curriculum development process which is split into five phases. Phase 1 involves assessment and
literature review conducted by faculty to assess current state of communication education in each
program. Literature reviews focus on various instruments used in developing, integrating, teaching and
assessment, including analysis of existing communication curricula and identifying communication
competencies expected of graduates. Phase 2 involves identifying internal and external experts and
stakeholders to participate in curriculum development. In Phase 3, information collected is synthesized
to develop draft curricula for each program. Phase 4 involves the Delphi technique to make refinements
and finalize the curricula. Phase 5 involves implementation and evaluation of each curriculum. The PNG
National Human Resources for Health Strategic Plan 2021-2030 has identified, among others, two
relevant challenges. ‘The competency of health workers not aligned to population and health service
needs’ and ‘curriculum for health professions training is not standardized.” Therefore, the finalized
curricula are anticipated to serve as models in achieving competency-based standardized communication
skills curricula for each undergraduate program.

Key Words: Communication skills curriculum, undergraduate health programs, core communication
curricula, curriculum development process
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INTRODUCTION:

The School of Medicine and Health Sciences
(SMHS) of the University of Papua New Guinea
(UPNG) is the country’s leading higher
education institution in the education and
training of different cadres of health care
professionals; - medical laboratory scientists,
pharmacists, dental technologists, nurses, and
medical doctors. The SMHS is currently in the
transition phase to becoming a stand-alone
university — The Papua New Guinea University
of Medicine and Health Sciences (PNG UMHS).
As such, one of the new academic programs
proposed for immediate implementation is the
Medical and Health Sciences Foundation Year
(MHSFY) with Communication Skills as one of
the courses. The MHSFY is designed to provide
a pathway for students who want to pursue
careers in the different health professions. It
aims to equip students with the foundational
knowledge and skills needed for advanced
studies in medicine and other health-related
degree programs. Successful completion of the
program will allow students to progress to

relevant degree programs in the PNG UMHS.

Communication skills is a cross-cutting
component that is taught under the Professional
Skills Domain (course) of the undergraduate
MBBS program unlike the other undergraduate
programs.

The communication skills taught are often

related to reading and writing skills in which

students apply the skills in writing essays,
reading research articles and writing literature
reviews, writing research proposals and reports
or writing laboratory reports which are also
essential skills in health care practice.

However, a review of the literature indicates that
there is great importance placed on patient
centeredness in health care practice [1, 2].
Patient-centered  care  necessitates  that
communication skills be integrated throughout
the undergraduate curricula for all health
professions programs at all levels and not just at
the foundation year level. While foundational
communication skills are important, ongoing
practice and refinement throughout the
curriculum are necessary to address the diverse
communication needs of patients and various

healthcare settings [1-2].

Hence, the creation of a new Communication
and Life Skills course for the new MHSFY
program provides an opportunity to develop core
communication  skills curricula for each
undergraduate program. This is a valuable and
increasingly recognized opportunity for the new
PNG UMHS to contribute in a significant way to
the development of well-rounded, competent

and compassionate health care professionals.

Furthermore, the new university is expected to
meet the national standards for institutional
registration that are stipulated in the PNG
National Standards for Higher Education
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Institutional  Registration for PNG Higher
Education Institutions, 2024 [3]. The specific
standard relevant for this discussion is Standard
6: ‘The Institution’s Programs, Teaching and
Assessment are Adequate to Achieve the
Expected Student Learning Outcomes’ with
special focus on the Curriculum Development
Policy [3]. This policy requires higher education
institutions to outline comprehensive procedures
for the design, review, and revision of academic
programs to ensure alignment with the PNG
National Qualifications Framework (PNGNQF),
stated learning outcomes, industry standards,
and emerging trends in the field [3]. The
PNGNQF outlines stringent  operational
procedures for programming and institutional
accreditation that the MHSFY program needs to
follow [4].

METHODOLOGY

To develop communication curricula for the
undergraduate  programs, a  systematic
academic approach and the Delphi technique is
used. The Delphi technique is a systematic
iterative method for gathering and refining
expert opinions to achieve consensus on

specific issues [5].

Achieving consensus on communication
curricula for the undergraduate programs is vital
because it ensures broad agreement among
experts on essential communication skills or
skills needed by graduates from each health

care profession in PNG. Furthermore, involving

experts from each health profession helps
create a standardized curriculum that can be
adapted and implemented across each
program, not only at the new PNG UMHS but
also at other higher education institutions
offering the same programs. This reduces
variability in training and ensures that all
students receive a consistent foundation in
communication skills. The input of diverse
experts from various health professions also
ensures that communication curricula are
evidence-based, relevant, consistent and
collaborative, ultimately contributing to better
patient care and improved healthcare outcomes
5-7]

The curriculum development process is split into

five (5) phases.

Phase 1: Needs assessment and review of
literature:

The assessment is to identify gaps in the current
curriculum and determine the specific
communication skills needed by future health
professionals [8, 9]. It involves defining the
specific undergraduate programs for which the
curriculum is intended, and which health
professions will be involved in the curriculum
development [10].

A total of 12 undergraduate programs are
currently offered by the SMHS [11]. Faculty
members will identify areas for improvement and
integration of communication skills into their

respective  programs such as specific
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communication competencies expected of
graduates, exploring different curriculum models
used in integrating communication skills into the
curriculum such as horizontal integration (across
different courses) and vertical integration
(across different years); examining various
methods used in assessing communication
skills and examining how integrated curricula
contribute to the development of well-rounded
healthcare  professionals ~ with  strong

interpersonal skills [12 - 14].

Phase 2: Expert and Stakeholder Consultation
and Input:

Both internal and external experts and
stakeholders are identified and invited to take
part in curriculum development. Internal experts
and stakeholders include faculty with expertise
in teaching communication in healthcare and
administrators within the university. External
experts and stakeholders include practicing
clinicians, practitioners from other health care
professions, community members, professional
organizations, employers and regulatory bodies
such as the PNG Medical Board that approves
practitioner licenses. Understanding expert and
stakeholder perspectives on communication
needs and expectations and using this
information to inform curriculum development
can ensure that communication curricula are
relevant, effective, and prepare students to meet
the diverse communication demands of
stakeholder

healthcare  practice.  The

engagement methods include mainly surveys

and interviews to gather diverse perspectives
[15-17].

Phase 3: Synthesizing Information obtained
from Phases 1 and 2.

The information collected are synthesized to
identify the specific communication skills that
are most relevant and align them with the
learning outcomes for each program; select and
adapt teaching methods that are effective in
promoting communication skills development;
choose assessment methods that are
appropriate for evaluating the identified learning
outcomes and align them with the chosen
teaching strategies and tailor the curriculum to
the specific context of each program taking into
account the program's goals, resources, and the
needs of the students and faculty. An initial draft
of the communication curricula is developed for
each program, to be further refined after the
Delphi study [18, 19].

Phase 4: Delphi Technique:

The Delphi technique is a structured approach
that provides a systematic and organized way of
gathering and refining expert and stakeholder
opinions through multiple rounds.

Expert and Stakeholder Panel Selection:

The same experts and stakeholders from phase
2 are invited again to review their suggested
communication competencies that graduates
should have acquired upon graduating from

each program.
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Snowball techniques are also used to ask
participants if they know of anyone else with
expertise in health communication who could be
invited to review the draft competencies and

provide more inputs [20 — 23].

Subsequent Rounds (Refinement):

Facilitators analyze the responses and create a
summary of key communication competencies
and present it to the participants in subsequent
rounds to rate or rank the importance of the
different competencies, using Likert scales or
other quantitative methods. Participants are also
given the opportunity to provide further
comments and justify their ratings. The process
is iterative, with the facilitator providing feedback
on the group’s responses in each round and
refining the competencies based on the

consensus or divergence of opinions [20 — 23].

Reaching Consensus or Defining Divergence:
The Delphi technique aims to reach a
consensus among experts, but it can also be
used to identify and understand divergent
opinions. Consensus is typically defined by a
pre-determined level of agreement which is 70%
or 80% on the competencies.

This study will aim to reach the required level of
agreement. However, if consensus is not fully
achieved, the process helps to clarify the range
of expert and stakeholder opinions on the
competencies so they can still be used to inform

the design of the curriculum [20 - 23].

Curriculum Design:

The final set of communication competencies,
whether representing consensus or a range of
views, is used to inform the design of the
communication curriculum. The draft curricula
developed in phase 3 for each program are
reviewed and finalized for implementation.

The main focus areas for review include learning
objectives (outcomes), content areas, teaching
methods, and assessment strategies. The
curricula are then integrated into the respective
existing undergraduate programs, ensuring they
are aligned with other relevant courses and

clinical experiences [20 — 23].

Phase 5: Implementation and On-Going
Refinement:

The integrated curricula for each program are
implemented and evaluated to determine their
effectiveness through ongoing assessment and
feedback. The on-going assessment and
refinement of the curricula will be done every
three to five years based on information
collected through the following feedback
mechanisms to ensure they remain relevant and

effective.

Student feedback: Faculty involved in teaching
communication collect and analyze student
feedback to identify areas for improvement and
ensure the curriculum remains relevant to

students’ needs [24].
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Faculty Input: Faculty members who teach
communication skills provide insights into the
challenges and successes of the integrated

curriculum [25].

Expert and Stakeholder Input: Practicing
healthcare professionals, including the experts
and stakeholders who participated in the
curriculum development process, are invited to
provide feedback on the communication skills
required in real-world settings. Their input will
help align the curriculum with current best

practices and address gaps in training.

Incorporating new research findings: New
research findings are incorporated and the
curriculum adapted to address emerging
challenges and communication needs in
healthcare [7].

DISCUSSION:

Communication skills of the different cadres of
health care professionals can be cultivated and
honed through education and training.
Communication skills courses can be introduced
in undergraduate health education programs
and taught through the entire duration of the
programs to assess continuous demonstrated
improvements in students’ communication skills.
Internationally, the teaching and assessing of
interpersonal and communication skills are now
accepted as an integral component of medical

and related health education programs [26].

For example, there is widespread acceptance of
behavioral sciences and in particular,
communication  skills as an important
component of dental education in the UK, US,
Canada and New Zealand. In the United States,
communications skills training is an important
cornerstone of dental education [27].

In India, most dental schools are reported to
have added health communication in their
curricula which helps in teaching and assessing
competencies in communication skills among
dental students [28].

Across Europe, 121 communication experts
from 15 professional fields and 16 European
countries participated in developing a health
professions core communication curriculum
(HPCCC) framework for all undergraduate
European health care education through a
consensus process [7]. This framework is
currently used as a guide for teaching
communication inter- and multi-professionally in
undergraduate education in health care across
Europe [7]. These and many similar initiatives
undertaken by other countries are often in
response to policy directives from either their
national  governments  or international
organizations such as the World Health
Organization. One such document is the WHO
Global Strategy on Human Resources for
Health: Workforce 2030 which emphasizes the
critical role of education and training in
strengthening the health workforce to meet

current and future health system needs [29].

61



Pacific Journal of Medical Sciences, Vol. 27, No 1, December 2025

ISSN: 2072 — 1625

A policy option suggested for WHO member
states to consider is the ‘adoption of
transformative strategies in the scale-up of
health worker education’ which requires a
coordinated approach to link human resources
for health (HRH) planning and education and
encourage inter-professional education and
collaborative practice [29]. In response to this
policy option, Papua New Guinea’s National
Department of Health (NDOH), an Island WHO
member state in the Western Pacific region has
developed a national document titled National
Human Resources for Health (HRH) Strategic
Plan 2021-2030 [30].

The Plan has six (6) strategic objectives with
strategic challenges and proposed interventions
clearly outlined for each strategic objective. The
strategic objective relevant for this discussion is
objective 5: improve the capacity of the
education institutions to produce competent
health professions. This strategic objective
focuses on the need to up-scale the production
of competent health workforce by adopting a
common competency-based education
framework to ensure that graduates are fit for
practice. It also focuses on improving efficiency
in instructional design and teaching, allow
implementation across the nation, facilitate
curriculum assessment and allow response to
change. Among other strategic challenges
identified under this strategic objective, two

relevant challenges for this discussion are

‘competency of health workers not aligned to
population and health service needs’ and
‘curriculum for health professions training are
not standardized [30]. The finalized curricula
developed from implementing this proposed
protocol are anticipated to serve as models in
achieving competency-based standardized
communication  skills curricula for each

undergraduate program at the new PNG UMHS.

CONCLUSION:

A meticulously planned and coordinated
collaboration with key experts and stakeholders
and the new university in planning, developing,
implementing and evaluating health workforce
education and training programs ensures that
the national standards and procedures are met.
Compliance  with  national policies and
procedures ensures quality assurance of the
academic programs which in turn guarantees
quality educational and training outputs for the
local health workforce needs [5].
The proposed protocol assures
comprehensiveness of an academic program
which is a key factor in attracting students who
seek a well-rounded and robust academic
experience. It can also attract a diverse and
talented faculty, leading to a more vibrant and
engaging learning environment. Attracting
students and talented faculty are crucial factors
in a highly competitive higher education

landscape [5].
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ABSTRACT

Nickel-titanium (NiTi) rotary instruments have transformed endodontics by enabling efficient, predictable
root canal shaping. However, concerns persist about their impact on dentin integrity, particularly
microcrack formation and long-term fracture risks. This narrative review evaluates evidence on
contemporary NiTi systems—including thermally treated alloys and reciprocating files—and their effects
on dentin structural integrity. While advanced designs reduce torsional stress, in vitro studies report
conflicting outcomes on microcrack induction. Clinicians must balance shaping efficiency with
preservation of dentin strength. Further in vivo studies are needed to correlate laboratory findings with
clinical outcomes.

Keywords: Nickel-titanium, rotary instrumentation, dentin microcracks, root fracture, endodontics.

INTRODUCTION instruments in the 1990s marked a paradigm
Root canal preparation is a critical step in shift from stainless steel files, offering superior
endodontic treatment, aiming to eliminate flexibility and resistance to torsional fracture [1].
infected tissue while preserving dentin structure. Contemporary NiTi systems now incorporate
The introduction of nickel-titanium (NiTi) rotary thermally treated alloys (e.g., CM Wire, Gold
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Wire) and adaptive motions (reciprocation,
continuous rotation), promising enhanced safety

and efficiency [2].

Despite these advancements, studies suggest
that rotary instrumentation may induce
microcracks in  root dentin, potentially
predisposing teeth to vertical root fractures
(VRFs) [3].
This review examines:
e The evolution of NiTi systems and their
biomechanical impact on dentin.
e FEvidence linking  instrumentation
techniques to dentinal defects.
e Strategies to minimize structural

compromise during shaping.

Evolution of NiTi Rotary Systems:

First- and Second-Generation Files

Early NiTi instruments (e.g., ProFile,
LightSpeed) improved upon stainless steel files
but had limitations in cyclic fatigue resistance
and taper variability [4]. Second-generation
systems like ProTaper Universal introduced
progressive tapers, reducing canal

transportation but increasing torsional stress [5].

Third-Generation Innovations:

Modern  systems leverage  metallurgical
advancements:

Thermally treated alloys (e.g., HyFlex CM,
EdgeSequel): Exhibit controlled memory and

enhanced flexibility, reducing apical stress [6].

Reciprocating motion files (e.g., WaveOne Gold,
Reciproc): Single-file systems that minimize
cyclic fatigue via reverse cutting motions [7].

Offset design instruments (e.g., TRUShape):

Asymmetric tapers preserve pericervical dentin

8],

Mechanisms of Dentin Damage During
Instrumentation:

Microcrack Formation:

Rotary files generate frictional heat and shear
stress, leading to microcracks, particularly in the
apical third.[9] Adorno et al demonstrated that
crack propagation correlates with file kinematics

(rotation vs. reciprocation) and taper size [10].

Dentin Removal and Structural Weakening:
Excessive taper preparation (e.g., >6%) reduces
radicular dentin thickness by up to 30%,
compromising fracture resistance [11]. Bier et al
[12] found that ProTaper F2 instruments caused
deeper cracks than Mtwo files due to aggressive
taper design.

Cyclic Fatigue and Torsional Stress

File fracture and dentin defects are linked to:
High RPM (>300): Increases screw-in forces
[13].

Insufficient irrigation: Leads to dentin
dehydration and brittleness [14].

Evidence on NiTi Systems and Dentin Integrity:

Studies Reporting Microcrack Induction
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Liu et al compared hand files with rotary systems
(ProTaper, K3) and found a 2.5% higher crack
incidence with rotary use [15].

Burklein et al [16] reported that reciprocating
files (WaveOne) caused fewer cracks than

continuous rotation systems (ProTaper).

Studies Refuting Significant Damage:

Versiani et al observed no difference in fracture
resistance between teeth instrumented with
Reciproc and hand files [17].

Pedulla et al [18] demonstrated that thermally
treated files (HyFlex CM) produced fewer

defects than conventional NiTi.

Factors Influencing Dentin Preservation

1. Instrumentation Technique:

Crown-down approach: Reduces apical stress
by pre-flaring coronal dentin [19].

Single-file systems: Minimize repetitive dentin
contact (e.g., XP-endo Shaper) [20].

2. Alloy Properties:

CM Wire: Lower elastic modulus reduces stress
transmission [21].

Gold-treated files: Enhance fatigue resistance
(e.g., Gold Wire by Dentsply) [22].

3. Operational Parameters:

Optimal torque (1-2 Ncm) and RPM (250-300)
limit crack initiation [23].

Pecking motion (3-5 mm amplitude) prevents

screw-in effects [24].

4. Irrigation and Lubrication:

Copious irrigant delivery together with chelating
gel or liquid lubricants during rotary root canal
preparation helps keep dentine hydrated and
significantly reduces torque and apically
directed forces on NiTi instruments, thereby
decreasing the mechanical stresses at the file—
dentin interface that are implicated in dentinal
microcrack formation and root dentin defects
[25].

Clinical Implications and Future Directions:
While in vitro data suggest that advanced NiTi
systems reduce dentinal damage, clinical

evidence remains sparse.

Recommendations include:

Selecting  minimally  invasive  systems:
TRUShape or HyFlex EDM for curved canals
[26]. Adopting hybrid techniques: Combine

rotary and hand files in fragile roots [27].

Long-term monitoring:

VRFs may manifest years post-treatment; CBCT
follow-ups are advised [28]. Emerging
technologies like Al-guided shaping and 3D-
printed customized files could further optimize
dentin preservation [29].

CONCLUSION

Contemporary NiTi systems offer unparalleled
efficiency but require careful technique to avoid
dentinal damage. Thermally treated and

reciprocating files show promise in minimizing
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microcracks, though clinicians must tailor

instrumentation to root anatomy. Future

research should prioritize in vivo studies

correlating laboratory findings with clinical

fracture rates.
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INTRODUCTION:
Grief is a universal human experience, yet the
experience is profoundly contextual. Grief, the
behavioral and emotional response to
bereavement, is different for everyone. Different
cultures also have their own unique rituals,
traditions and practices to respond to the loss.
These practices offer mourners pathways to
express emotions, honor memories of the
deceased, and reintegrate back into daily life [1].
In Myanmar, bereavement is deeply intertwined
with  Buddhist

impermanence (anicca), compassion or wish for

teachings;  values  of

people to be free from suffering (karuna) and
community  solidarity. Monasteries, family
homes, and community gatherings provide
spaces for mourning, while practices such as
offering alms or chanting sutras are intended to
ease the transition for the deceased and comfort
the bereaved [2]. However, there is little

systematic development of compassionate

bereavement support tools that align with
psychological insights on grief and adaptations

to local cultural practices [3].

The grief theory describes the active processes
through which individuals cope, starting from
accepting the reality of loss, processing pain,
adjusting to a new environment, and finding
enduring connections [4]. While cultural
bereavement practices guide people through
this process, urbanization, migration and limited
formal bereavement services make it difficult for
grieving families to maintain these traditional
practices [5]. Approximately 10% of grief is
complicated, where there is difficulty accepting
or adjusting to the loss, or ongoing traumatic
distress beyond six months [6]. As there is
significant variability in the provision of formal
bereavement support [7], we propose a set of
culturally resonant micro-practices for grief

support among Myanmar families. These are

70


mailto:shyhpoh.teo@moh.gov.bn

Pacific Journal of Medical Sciences, Vol. 27, No. 1, December 2025

ISSN: 2072 — 1625

intentionally ~ small, accessible acts of
compassion that can be used in homes,
monasteries, or healthcare settings to support

bereaved families.

Proposed Micro-Practices for Bereavement
Support:

Silent Listening Ritual:

Sit together for several minutes of intentional
silence, without offering advice, distraction or
judgement. Silence is a form of emotional
expression, without pressure on a person to
articulate  their grief. Presence is a
compassionate act to show they are not alone.
“It's okay to feel sad. Grief is not weakness; it is
love that has lost its voice”.

This can be done during home visits, memorial
gatherings, or hospital follow-ups to normalize

grief without forcing conversations.

Dhamma Candle Offering Ritual:

Find a quiet space at home. Light a candle or oil
lamp in memory. While watching the flame, offer
a moment of silence, make a wish in your heart
and send your love and blessings to them. “As
these light shines, may your next journey be
peaceful. Your love continues to shine brightly,

even in our darkest hours”.

Families may incorporate this ritual daily, during
anniversaries or religious observances, as a
way to remember their loved ones and send

blessings for the onward journey.

Breathing with compassion (karuna breathing):
Sit and breathe gently. With each inhale, accept
your grief and know that this sadness is a natural
part of your love. With each exhale, send
compassion (karuna) to your own grieving heart
and loving kindness to your loved one. “May [ be
gentle with my grief. May my loved one be free
from suffering and find peace”.
Compassion-focused  breathing helps to
regulate distress and build self-soothing
capacities [8]. This can be carried out
individually during moments of acute grief, or in
small groups at home, monasteries, or

community gatherings.

Compassionate Legacy Letter Writing:

Write a letter to the one you lost. Use this space
to express gratitude, unspoken thoughts or
blessings. The letter can be kept privately,
placed on a family altar, or ritual burned to
symbolize release and the sharing of merit. This
act of expression helps clear your heart, allows
you to honor their actions (kamma) and find
peace in their memory.

While this practice is not a Myanmar tradition, it
is an emerging practice in urban communities,
where individuals write letters to loved ones
before death, especially in palliative care
settings. This is increasingly used by clinicians
and spiritual caregivers to help patients
articulate their values, regrets, hopes, and
blessings. Expressive writing also facilitates
emotional processing and meaning making,

providing a safe outlet for complex emotions [9].
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This provides a private, flexible space for grief
expression, is useful for younger family
members, or those less comfortable with rituals,
and is currently being explored as a tool for

dignity therapy and emotional closure.

Compassionate Check-Ins:

Healthcare  providers, family  members,
neighbors, or community leaders send a note,
short phone call, or text message several weeks
after the funeral to remind families that they are
not forgotten. “We are thinking of you. You are
not alone”.

While condolence notes and community
solidarity are common in Myanmar, extending
these gestures beyond the immediate funeral
period sustains compassionate presence and
remind families that they are not forgotten.
Hospitals, clinics and monasteries can integrate
this as a simple follow-up practice for bereaved

families [10].

DISCUSSION:

These micro-practices are deliberate actions to
empower families to take ownership of the grief
process. They can be integrated into daily
routines and do not require specialized training.
Professional  bereavement  support  and
counselling may be inaccessible or unavailable
and should not be limited to clinical settings.
While these actions are rooted in Myanmar
traditions, they have the potential for adaptation

elsewhere. For example, letter writing may

resonate in Western contexts, while silent
presence may be universal.

These practices also illustrate compassion as an
embodied, relational process. Compassion here
is not a grand intervention but a quiet presence,
such as lighting a candle, writing a note, or
breathing with awareness. Such acts reaffirm
the bereaved person’s dignity and humanity,
reminding them they are seen and supported.
This proposed approach is reflective, and
practice-based rather than empirical; and is not
aimed to be prescriptive, but to inspire culturally
responsive grief care. The micro-practices
require  further  evaluation  regarding
acceptability, cultural resonance, and perceived
impact; as well as an exploration of integrating

these practices into palliative care follow-up.

CONCLUSION:

Bereavement is never an easy journey and often
carried quietly with limited formal support by
Myanmar families.

The micro-practices described from silent
listening, candle rituals, compassionate
breathing, letter writing, and compassionate
check-ins are rooted in Buddhist values,
intentionally small in scale, accessible and may
have profound impact on families. It is hoped
that these micro-practices will empower families
and communities to accompany each other in
grief, transform silent suffering into shared
healing, and provide compassion beyond the

last breath.
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