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Editorial

Hospital Funding: Case-mix or Global
Budgeting System
Muhammad Adnan Khan

The rapid shift towards universal health coverage
depends on the efficient utilization and improved
recruitment of resources.' During the past decades,
equitable access to the most cost-effective healthcare
services is one of the major challenges faced by policy-
makers, providers, and patients. The current evidence
suggests that the wrong utilization of payment methods
may lead to the misuse of limited resources.’ The aim of
this study is to compare the funding of hospital using
global budgets and case-mix funding in terms of their
method, pros, and cons, and also to enumerate the
implementation and monitoring challenges of the two
systems.

PAYMENT METHODS

There are two basic approaches to payment systems
which are retrospective and prospective.” In the
retrospective payment system, the provider's own cost
is partially or fully reimbursed ex-post while opposite
to this the payment budgets or rates of providers are
determined ex-ante in the prospective system.’ The
prospective method includes the case-mix system,
capitation payment, and global budget while the fee-
for-service and payment per itemized bill are included
inretrospective systems.”’

CASE-MIX SYSTEM

The purpose of introducing diagnosis-related groups
(DRGs) is to measure what hospitals actually do to
define hospital products.” Case-mix system is used to
classify people into classes that are homogeneous in the
respect of resources used with meaningful clinical
descriptions of these individuals as it is a reflection of
the total risk of all individual patients within a
hospital.* It has been implemented worldwide in more
than 40 countries including Asia.” The two basic
components of this system are disease classification
which includes coding for diagnosis and procedures
and cost analysis which comprises top-down costing,
clinical pathways, and activity-based costing.’
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IMPLEMENTATION AND MONITORING
The two main issues in implementation and adaptation
are costing methods and patient classification.” In this
system, the accuracy of the coding is crucial, a wrong
code will relate to an incorrect assignment of the DRGs
code which may have an adverse impact on hospital
income in countries, thus the accuracy coding is
ensured through coding audits.*" It involves difficult
technical choices to maintain and design this system as
there is a need to monitor the wrong effects of the
endowment system and take account of changes in
health technology." The substantive responsibility of
direct expenses in most low and middle-income
countries and the lack of correct data on the share of
financing of each mechanism render the task of
assessing the overall progressivity of Asian health care
systems more difficult than in Europe."

ADVANTAGES

This system provides incentives for hospitals by which
itimproves efficiency as it treats more people and limits
the service per patient.” It proves economically
beneficial for both the patient and a hospital's budget
setup, as it reduces the average stay duration of patients
in hospitals and eliminates as much the need for the
hospital to provide many items of service.

DISADVANTAGES
There are also several drawbacks which are the
intensive need for technical skills in designing case-
mix system, disease coding quality is also affected and
the information about the costing data is also limited."
Upcoding, cherry-picking, dumping, frequent
readmissions, and overtreatment are the other potential
unintended consequences of DRG-based hospital
payment. Cherry-picking occurs if certain patients are
systematically more costly than others within one
group leading incentives for hospitals to select more
profitable cases which are less costly and to avoid or
transfer unprofitable ones (dumping).’

GLOBAL BUDGETING SYSTEM
In a global budgeting system, a hospital-acquired lump
sums to cover all particular services throughout a
specified period as it allows managers real flexibility
when they are strictly enforced.” It is used by some
types of outpatient care facilities as well as by
government or insurers to pay hospitals."
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IMPLEMENTATION AND MONITORING
An operational framework requires for implementing
the global budgeting system which includes how
payers will participate and how an effective structure
for administration and governance will be established.
In addition, it also needs information about the patient
population, the type of services included in the system
along with monitoring of its performance.'” It can result
in high overall spending by transfer of services from
hospitals to non-hospitals providers in their area as
payer would be paying both for care that has shifted and
fixed budget of target hospital.”” So the two important
considerations are important for obtaining micro-
efficiency include responsibility and decentralization
of management capacity.” Effective monitoring of
payment patterns and trends depends on per capita
spending, service volume, and high-quality data on
service prices. The health insurance purchasing
cooperatives (HIPCs) and health plans need data on
costs, volume, and service pricing at the local level as it
is crucial for internal use. There is also the need for
information on the quality of care, practice patterns,
and patient outcomes to assist HIPCs in identifying the
most cost-effective practices where such standards do
not yet exist and in monitoring health plans compliance
with accepted practice standards.”

ADVANTAGES

The major benefit of the global budgeting system is that
it gives cheaper and easier administration, assurance of
funding, and better management of services." It can
promote the addition of incentives and the
improvement of changes to service delivery patterns to
reward efficiency, suitable clinical practice, and
quality. It can manage and control the cumulative
overall spending on a particular service by the
healthcare institution and program.” By limiting the
total expenditure global budgets contain costs but run
the risk of hospitals not producing enough services to
meet patient needs.’

DISADVANTAGES

Global budgeting system may have unintended
consequences if the effects are too strong. For example,
it is intended to reduce the cost of treatment and length
of stay but the quality of care may reduce due to
excessive reduction in length of stay.” It results in the
waiting when the target volume is exceeded and creates
a situation in which either the hospital will reject to do
additional work or as to give extra cash and the lack of
incentives to get better efficiency is one of the major
restrictions which can be faced by using this model.”
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Platelet-Rich Plasma in the Treatment of Plantar
Fasciitis versus Corticosteroids
Farooq Azam Khan

ABSTRACT

Objective: To determine the effect of platelet-rich plasma (PRP) injections versus corticosteroid injections in plantar fasciitis.

Methodology: It was a non-randomized controlled trial done in the Orthopaedic Department of the Sharif Medical City Hospital, Lahore after
approval by the institutional ethical committee from February to April 2021. Seventy patients of plantar fasciitis for greater than 6 months who
failed to respond to the conservative treatment were included in the study by non-probability convenient sampling technique. The patients were
divided into two groups: 35 patients in the standard (Corticosteroid) treatment group and 35 patients in the intervention (Platelet-rich plasma)
group. After taking informed written consent, the standard treatment group received the intra-articular corticosteroid injection whereas the
intervention group received the intra-articular PRP injection. The patients were assessed for plantar fascia thickness, visual analog scale (VAS),
and the American Orthopaedic Foot and Ankle Society (AOFAS) score before treatment, and at 6 weeks, 3 months, and 6 months after
treatment.

Results: The plantar fascia thickness decreased from 4.77 to 3.68 mm in the PRP group and from 4.66 to 3.96 mm in the corticosteroid group.
The pre-treatment VAS score improved from 8.024+0.857 to 1.37+0.49 at 6 months in the PRP group and from 7.84+0.719 to 2.8+0.759 at 6
months in the corticosteroid group. The pre-treatment AOFAS score was 57.45+4.972 in the PRP group and it increased to 89.82+4.01 at 6
months. In the corticosteroid group, the AOFAS score improved from 57.854+6.329 at baseline to 77.02+4.307 at 6 months. When the pre-
treatment VASS score, AOFAS score & plantar fascia thickness were compared with the scores at 6 weeks, 3 months, and 6 months in each group,
there was a significant difference in the score and thickness (p-value=0.001).

Conclusion: Both the corticosteroid and PRP treatment modalities lead to improved VAS score, AOFAS score, and plantar fascia thickness but

the improvement was statistically significant in the PRP group as compared to the corticosteroid group.

Keywords: Plantar fasciitis. Platelet-rich plasma. Corticosteroid.

INTRODUCTION

lantar fasciitis (PF) is the most common foot

problem constituting 11-15% of the foot

symptoms in adults.' It is characterized by
chronic inflammation and the degenerative process of
the plantar aponeuroses. About 2 million people are
affected by plantar fasciitis in the United States
annually and 10% of the individuals develop the
disease during their life.” It is a self-limiting condition
but rehabilitation takes a long time. Chronic pain leads
to a significant healthcare burden for patients and
affects their quality of life.’
The plantar fascia is a thick tendinous sheet on the
bottom of the foot and is composed of collagen and
elastic fibers. It arises from the medial side of the
calcaneus bone. It has a central thick portion and
peripheral thin portions.' It maintains and stabilizes the
medial arch of the foot and absorbs shock.” It manifests
as heel pain typically occurring in the morning and
tenderness on the medial side of the heel.' There is a
gradual decrease in pain with physical activity. The
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pain worsens with the dorsiflexion of the toes because it
pulls the plantar fascia.’

It frequently affects 40 to 60 years old individuals.’ The
predisposing factors of plantar fasciitis are prolonged
standing, obesity, female gender, increasing age, high
arched foot, leg length discrepancy, uncomfortable
shoes, excessive foot pronation, and foot deformities
such as pes planus/pes cavus, and a shortened Achilles
tendon.’ The underlying cause of plantar fasciitis is the
repeated trauma that causes tears in the plantar fascia,
periostitis, and chronic inflammation. In chronic
disease, degeneration of the fascia occurs.’

The treatment modalities of plantar fasciitis are
nonsteroidal anti-inflammatory drugs (NSAIDs),
physiotherapy, ice packs, night splints, and
corticosteroid injections. Eighty percent of the cases
are cured with conservative treatment whereas, in 10%
of the patients, the disease fails to respond to
conservative treatment and progresses to the chronic
stage." Steroid injections are used as the treatment
option in patients not responding to conservative
management. Multiple steroid injections are required
for effective and long-term pain relief but they can
cause rupture of fascia and atrophy of the fat pad.’
Fascial rupture interferes with the foot windlass
mechanism and promotes inflammation in the
neighboring tissue. Atrophy of the plantar fat pad
reduces the subcalcaneal cushioning, making it more
susceptible to trauma and pain. "’

4 Journal of Sharif Medical and Dental College Lahore, Pakistan 2021; Vol 7(01):4-10
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The treatment modality that activates the healing
process rather than inhibiting inflammation is now
considered the most efficacious option. Platelet-rich
plasma (PRP) is recognized for inducing tissue healing
and cell growth. It contains a high concentration of
platelets and growth factors which will increase the
regeneration capacity of the local tendons and muscles
in plantar fasciitis." Ultrasound is a famous,
inexpensive, and radiation-free radiological technique
for the diagnosis of many musculoskeletal conditions.
In addition, it also helps in assessing the prognosis after
the PRP injection. Platelet-rich plasma is a safe and
effective alternative as compared to steroids."

Plantar fasciitis is a very common degenerative disease
which affects the hindfoot. Its successful treatment is a
great challenge for clinicians. Despite the availability
of several treatment modalities, the chronic pain
associated with the disease is a major cause of
morbidity and affects the quality of life of the patients.
Platelet-rich plasma (PRP) has been introduced as a
popular, safe, effective, and revolutionary intervention
for the treatment of various musculoskeletal diseases
including plantar fasciitis. This study was planned to
determine the effectiveness of PRP injections in
patients with plantar fasciitis who fail to respond to the
conservative treatment and compare it with steroid
injections. It will help us to use PRP injections in the
future for the treatment of plantar fasciitis.

METHODOLOGY
It was a non-randomized controlled trial done in the
Orthopaedic Department of the Sharif Medical City
Hospital, Lahore. After approval by the institutional
ethical committee (Letter No. SMDC/SMRC/153-20,
20-01-2021), the study was conducted from February
to April 2021. Seventy patients with plantar fasciitis for
greater than 6 months who failed to respond to the
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conservative treatment were included in the study by
non-probability convenient sampling technique. The
patients with a history of surgery, recent steroid
injection within 6 months and plantar fascia rupture on
ultrasound, severe anemia, thrombocytopenia,
bleeding disorder, impalpable pedal pulse, and
neuropathy were excluded from the study. The patients
were divided into two groups: 35 patients in the
standard treatment group and 35 patients in the
intervention group. After taking informed written
consent, the standard treatment group received the
intra-articular corticosteroid injection whereas the
intervention group received the intra-articular PRP
injection. Using the aseptic technique, the standard
treatment group was given a corticosteroid injection
containing 80 mg methylprednisolone with 1 ml of
lignocaine into the medial calcaneal tubercle. Under
aseptic conditions, 20 ml venous blood of the patient
was taken and mixed with 3 ml of citrate phosphate
dextrose solution. Equal amounts of the sample were
put into 4 vacutainers and then centrifuged for 7
minutes at 3500 revolutions per minute (rpm). The
supernatant layer containing the buffy coat was
discarded. The sample obtained was put into 2
vacutainers and then centrifuged for 5 minutes at 3000
rpm. The buffy coat was separated making PRP. The
PRP was injected into the medial calcaneal tubercle of
the intervention group. The follow-up duration was 6
weeks, 3 months, and 6 months. The patients were
prescribed NSAIDs, ice packs, and physiotherapy.
Patients were assessed before treatment and at each
follow-up for plantar fascia thickness determined by
ultrasonography, visual analog scale (VAS), and the
American Orthopaedic Foot and Ankle Society
(AOFAS) score. The visual analog scale quantifies the
intensity of pain. It has a score from 0 to 10 (Figure 1).

The American Orthopaedic Foot and Ankle Society

2 3 4 5 6 7 8 910

T 1T 1T 11

Worst Pain
Severe  Very Severe "5 .o

Figure 1: Visual Analog Scale
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(AOFAS) score determines the outcome in patients
with hindfoot diseases or injuries. It has 3 subscales of
pain, function, and alignment. The pain has the highest
score of 40. Function and alignment have the highest
score of 40 and 10, respectively. The maximum score is
100 showing no symptoms or malfunctioning.”

STATISTICAL ANALYSIS

The data was analyzed using the Statistical Package for
the Social Sciences (SPSS) version 25. The
quantitative variables such as age, plantar fascia
thickness, VAS score, and AOFAS score were
expressed using mean and standard deviation. The
qualitative variables such as gender were represented
by frequency and percentage. Paired t-test was applied
to compare the plantar fascia thickness, VAS, and
AQOFAS score at baseline, 6 weeks, 3 months, and 6
months. The plantar fascia thickness, VAS, and
AOFAS scores in the two groups were compared by
independent t-test. The significant p-value was taken as
<0.05.

RESULTS

Patients had a mean age of 44.97+4.712 years in the
PRP group and 45.08+4.761 years in the corticosteroid
group. In the PRP group, 19(54.3%) patients were
females and 16(45.7%) patients were males. Twenty
two (62.9%) patients were females and 13(37.1%)
patients were males in the corticosteroid group. The
difference in the age, BMI, and duration of disease
between the two groups was insignificant. The
demographic features of the two treatment groups are
shownin Table 1.

When the pre-treatment VAS score was compared with
the score at 6 weeks, 3 months, and 6 months in each
group, there was a significant difference in the score
with the p-value of 0.001. Similarly, there was a
significant difference between the pre-treatment
AOFAS score & plantar fascia thickness and the score
& plantar fascia thickness at 6 weeks, 3 months, and 6
months in each group (p-value=0.001) (Table 2).

The difference in the pre-treatment VAS score was
statistically insignificant between the PRP and the

Table 1: Comparison of Demographic Features and Outcomes between the Intervention and Standard

Treatment Group Using Independent t-test

Corticosteroid
Parameters PRP Treatment p-value
Group Group

Age (Years) 44.97+4.712 45.08+4.761 0.920
BMI (kg/m’) 32+4.036 31.57+3.301 0.628
Duration of Disease (Months) 23.2549.159 20.314 £7.218 0.140
Pre-treatment VAS Score 8.02+0.857 7.8£0.719 0.231
VAS Score at 6 weeks 5.82+0.663 6.05+0.639 0.147
VAS Score at 3 months 4.02+0.513 4.77+0.546 0.001*
VAS Score at 6 months 1.37+0.49 2.8+0.759 0.001*
Pre-treatment AOFAS Score 57.45+4.972 57.85+6.329 0.770
VAS Score at 6 weeks 68.57+4.852 64.22+5.461 0.001*
VAS Score at 3 months 78.25+4.06 70.31+5.251 0.001*
VAS Score at 6 months 89.82+4.01 77.02+4.307 0.001*
Pre-treatment Plantar Fascia Thickness (mm) 4.77+0.189 4.66+0.181 0.015
Plantar Fascia Thickness (mm) at 6 weeks 4.35+0.231 4.40+0.166 0.377
Plantar Fascia Thickness (mm) at 3 months 3.98+0.262 4.14+0.124 0.002*
Plantar Fascia Thickness (mm) at 6 months 3.68+0.341 3.96+0.100 0.001*

*Significant p-value
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Table 2: Comparison of Pre-treatment and After Treatment Qutcomes in Each Group Using Paired t-test

Outcome Mean£SD Difference p-value
PRP Group
Pre-treatment VAS Score 8.02+0.857
2.20+0.472 0.0019*
VAS Score at 6 weeks 5.82+0.663
Pre-treatment VAS Score 8.02+0.857
4+0.641 0.001*
VAS Score at 3 months 4.02+0.513
Pre-treatment VAS Score 8.02+0.857
6.65+0.905 0.001%*
VAS Score at 6 months 1.37+0.49
Pre-treatment AOFAS Score 57.45+4.972
-11.11+£2.586 0.001*
AQOFAS Score at 6 weeks 68.57+4.852
Pre-treatment AOFAS Score 57.45+4.972
-20.8+2.826 0.001*
AQOFAS Score at 3 months 78.25+4.06
Pre-treatment AOFAS Score 57.45+4.972
-32.37+4.066 0.001*
AQOFAS Score at 6 months 89.82+4.01
Pre-treatment Plantar Fascia Thickness (mm) 4.77+0.189
: - 0.417+0.188 0.001*
Plantar Fascia Thickness (mm) at 6 weeks 4.35+0.231
Pre-treatment Plantar Fascia Thickness (mm) 4.77+0.189
- - 0.788+0.258 0.001*
Plantar Fascia Thickness (mm) at 3 months 3.9840.262
Pre-treatment Plantar Fascia Thickness (mm) 4.77+0.189
- - 1.08+0.335 0.001*
Plantar Fascia Thickness (mm) at 6 months 3.68+0.341
Corticosteroid Treatment Group
Pre-treatment VAS Score 7.8+0.719
1.74+0.443 0.001*
VAS Score at 6 weeks 6.05+0.639
Pre-treatment VAS Score 7.8+£0.719
3.02+0.617 0.001%*
VAS Score at 3 months 4.77+0.546
Pre-treatment VAS Score 7.8+0.719
5+0.970 0.001*
VAS Score at 6 months 2.84+0.759
Pre-treatment AOFAS Score 57.85+6.329
-6.37+1.516 0.001*
AOFAS Score at 6 weeks 64.22+5.461
Pre-treatment AOFAS Score 57.85+6.329
-12.45+2.512 0.001%*
AQOFAS Score at 3 months 70.31+£5.251
Pre-treatment AOFAS Score 57.85+6.329
-19.17+3.442 0.001*
AQOFAS Score at 6 months 77.02+4.307
Pre-treatment Plantar Fascia Thickness (mm) 4.66+0.181
- - 0.262+0.103 0.001*
Plantar Fascia Thickness (mm) at 6 weeks 4.40+0.166
Pre-treatment Plantar Fascia Thickness (mm) 4.66+0.181
- - 0.514+0.153 0.001%*
Plantar Fascia Thickness (mm) at 3 months 4.14+0.124
Pre-treatment Plantar Fascia Thickness (mm) 4.66+0.181
- - 0.702+0.159 0.001*
Plantar Fascia Thickness (mm) at 6 months 3.96+0.100

*Significant p-value
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corticosteroid group (p-value=0.231). The VAS score
was also statistically insignificant between the two
groups at 6 weeks (p-value=0.147). There was a
significant reduction in the VAS score in the PRP group
than the corticosteroid group at 3 months and 6 months
(p-value=0.001). The pre-treatment AOFAS score was
statistically insignificant between the two groups with a
p-value of 0.77. But the score improved greatly with the
PRP injection than the corticosteroid injection. The
results were statistically significant at 6 weeks, 3
months, and 6 months. The pre-treatment plantar fascia
thickness was statistically different between the two
treatment groups (p-value=0.015). The mean
difference in the plantar fascia thickness was
insignificant between the two groups at 6 weeks (p-
value=0.377) but was significant at 3 months and 6
months with the p-value of 0.002 and 0.001,
respectively (Table 1).

DISCUSSION
Plantar fasciitis is a frequent cause of heel pain
encountered in Orthopedics.” There is a lack of
awareness about the various treatment options of
plantar fasciitis among the patients.” Corticosteroids
are a very popular treatment modality for plantar
fasciitis. But PRP injections have also shown
promising results in plantar fasciitis patients. Platelet-
rich plasma contains growth factors that promote the
healing and regeneration of plantar fascia."
In our study, the mean age of the patients was
44.9744.712 years in the PRP group and 45.08+4.761
years in the corticosteroid group. Similarly in a study
by Baz et al., patients had a mean age of 46.5 years.'
The mean age was 40 years in the PRP group and 42
years in the control group.’ In contrast, another study
reported the mean age as 30.72+7.42 years and
33.92+8.61 years in the PRP and corticosteroid groups,
respectively.” In our study, most of the study subjects
were females; 19(54.3%) in the PRP group and
22(62.9%) in the corticosteroid group. In another study,
the male:female ratio was 8:17 in the PRP group and
12:13 in the corticosteroid group, showing female
predominance similar to our study.’ In contrast, a study
showed that 54.5% of the patients were males and
45.45% of patients were females.'
The average duration of the disease was 23 months in
the PRP group and 20 months in the control group in
our study. Deghady et al. reported the disease duration
of 9 months and 12 months in the PRP and control
group, respectively.” The follow-up duration was 6
months in our study. Similarly, the follow-up period
was 6 months in another study."> Whereas the follow-up
durations of 4 months and 3 months have been
documented in other studies."*
Our results showed that the plantar fascia thickness

decreased from 4.77 to 3.68 mm in the PRP group and
4.66 to 3.96 mm in the corticosteroid group. Another
study reported that the thickness of the plantar fascia
reduced from 4.9 to 4 mm in the PRP group and 4.8 to
4.3 mm in the control group.’A study conducted in
Egypt found decreased plantar fascia thickness from
6.04 to 4.93 mm after PRP injection.'

In our study, the pre-treatment VAS score was
8.02+0.857 and it improved to 5.82+0.663 at 6 weeks,
4.02+0.513 at 3 months, and 1.37+0.49 at 6 months in
the PRP group. In the corticosteroid group, the pre-
treatment VAS score improved from 7.8+0.719 to
6.05+0.639 at 6 weeks, 4.77+0.546 at 3 months, and
2.840.759 at 6 months. In a study by Mahindra et al.,
the VAS score improved from 7.44+1.04 at baseline to
3.76+1.53 at 3 weeks and 2.52+1.71 in the PRP group,
and from 7.72+1.17 at baseline to 2.84+1.46 at 3 weeks
and 3.64+1.62 at 3 months in the corticosteroid group.’
There was an improvement in the VAS score from 9 to 4
in the PRP group and 9 to 7 in the control group in a
study by Deghady et al.” Shetty et al. reported that the
VAS score improved from 7.16 to 3.92 at 6 weeks and
2.92 at 6 months in the corticosteroid group. In contrast,
in the PRP group, the VAS score improved from 7.74 to
4.48 at 6 weeks and 1.6 at 6 months."” In another study,
the visual analog scale (VAS) score improved from
8.14t02.59 at follow-up after PRP injection.'

In our study, the pre-treatment AOFAS score was
57.45+4.972 in the PRP group and it increased to
68.57+4.852 at 6 weeks, 78.25+4.06 at 3 months, and
89.82+4.01 at 6 months. In the corticosteroid group, the
AOFAS score improved from 57.85+6.329 at baseline
to 64.22+5.461 at 6 weeks, 70.31+5.251 at 3 months,
and 77.02+4.307 at 6 months. Another study reported
that the AOFAS score increased from 51.56£11.10 at
baseline to 83.92+12.12 at 3 weeks and 88.24+8.76 at 3
months in the PRP group and from 55.724+11.79 at
baseline to 86.6+6.77 at 3 weeks and 81.32+6.39 at 3
months." A study conducted by Shetty et al., showed
that the AOFAS score increased from 67.08 to 86.88 at
6 weeks and 88.32 at 6 months in the corticosteroid
group. In the PRP group, the AOFAS score increased
from 67.08 to 89.32 at 6 weeks and 93.04 in the 6
months."”

Our results show that there was a statistically
significant improvement in the outcomes in the PRP
group than in the corticosteroid group. A study reported
that the improvement in the VAS and AOFAS score
was statistically significant in the PRP group as
compared to the corticosteroid group.” In a study by
Mabhindra et al., the difference in the VAS and AOFAS
score was insignificant at 3 weeks. But there was a
statistically significant improvement in the AOFAS
score 8at 3 months in the PRP group but not in the VAS
score.
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A study conducted in India showed that PRP injection
is a more effective treatment modality for patients with
chronic plantar fasciitis as compared to corticosteroid
injection."

A systematic review concluded that PRP injection had
no better curative response as compared to
corticosteroid injection in a well-designed double-
blind clinical trial."”

In another study, the effectiveness of PRP and
corticosteroid injections were compared in patients
with chronic plantar fasciitis. They reported that the
PRP injection is a safe, long-lasting, and efficient
treatment option as compared to the corticosteroid
injections."

CONCLUSION
Both the corticosteroid and PRP treatment modalities
lead to improved VAS score, AOFAS score, and
plantar fascia thickness but the improvement was
statistically significant in the PRP group as compared
to the corticosteroid group.

RECOMMENDATIONS
e Platelet-rich plasma injections should be used
routinely in treating patients with plantar fasciitis
non responsive to conservative management.

LIMITATIONS
e Future research should be conducted on a larger
number of patients with plantar fasciitis from
multiple institutions.
e A double-blinded, randomized controlled trial
should be conducted to further validate the results
of'this study.
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Association of Median Diastema with Maxillary
Labial Frenal Attachment in School-Going Children

Hida Tajasar, Faiza Malik, Rabia Tabassum, Mubashir Rasheed,
Hira Asghar, Muhammad Moazzam

ABSTRACT

Objective: To determine the frequency of the type of maxillary labial frenal attachment and its association with median diastema in school-
going children of Raiwind, Lahore.

Methodology: After taking ethical approval from Sharif Medical & Dental College, this cross-sectional study was carried out in 8 different
schools of Raiwind, Lahore, during a period of 3 months, from January to March 2020. A total of 815 school-going children of both genders,
aged 10 to 16 years, were included in this study, after prior permission from the school principals and written informed consent from the parents
of these children. Intraoral examination was performed on these children to check the type of maxillary labial frenal attachment (mucosal,
gingival, papillary, papillary penetrating), median diastema (presence or absence), and type of dentition (mixed or permanent).

Results: A total of 815 children participated in this study with a mean age of 12.5+1.1 years, out of which 56.2% were males and 43.8% were
females. Gingival type of maxillary labial frenum was most common while the papillary penetrating was the least common. Median diastema
was present in about 32.8% of the children with no statistically significant difference in genders. Diastema was present in 100% of the students
having the papillary penetrating type of labial frenal attachment. It was least common in mucosal type (22.8%) of frenal attachment. Regarding
the type of dentition, 57.9% had mixed dentition and 42.1% had permanent dentition. An association between median diastema and type of
frenal attachment was determined using the Chi-gender test and the results were significant (p <0.05). There was a statistically significant
difference of frenal attachment types among gender and dentition as well.

Conclusion: This study found maxillary labial frenal attachment types in children in the following descending order: gingival, mucosal,
papillary, and papillary penetrating. The percentage of median diastema was highest in papillary penetrating type and lowest in mucosal type of

labial frenum. The association between median diastema and the type of labial frenal attachment was statistically significant.

Keywords: Maxillary labial frenal attachment. Median diastema. Frenectomy.

INTRODUCTION

he frenal attachment is one of the most

interesting yet misunderstood anatomic

structures in the oral cavity and is subject to
variation in size, location, and morphology throughout
its development.' A vertical band of muscle fibers of
orbicularis oris and oral mucosa, comprise the labial
frenum, which limits the movement of the lips by
attaching them to the alveolar mucosa and periosteum
of maxillary and mandibular arches.” The labial frenum
primarily functions for the provision of stability to the
lips, both at rest and during oral functions such as
mastication, smiling, speech, and swallowing.’
The labial frenum arises as a part of the oral cavity
within the first few weeks of fetal life, along with the
developing lips and cheeks. A prominence starts to
appear in the middle part of the inner zone of the upper
lip which changes into a tuberculum as growth and
development progresses. As soon as the tuberculum is
developed, one more prominence appears on the
anterior part of the palate which develops into palatine
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papilla. The prominences of the tuberculum and the
palatine papilla are connected by a continuous fold of
tissue called the tectolabial frenum. It simulates an
abnormal frenum of post-natal life. It extends as a
continuous band of tissue from the inner aspect of the
upper lip, over and across the alveolar ridge, to be
inserted in the palatine papilla. The labial and palatal
portions are divided by the growing alveolar process
that causes a severance of the continuous fold of the
tissue in any normal individual. The palatine papilla is
developed from the palatal part whereas the superior
labial frenum develops from the labial tissue that
extends from the upper lip to the crest of the alveolar
ridge.’

At various stages of growth and development, the
levels of the frenal attachment are different.' The
different types of frenal attachments were classified by
Placek et al., depending on the anatomical location of
the frenum in mucogingival junction, attached gingiva,
interdental papilla, and papilla extending to the palate.’
The papillary and papillary penetrating types are likely
to be pathological if they persist beyond the mixed
dentition phase.’

The spaces between two or more consecutive teeth can
occur anywhere in the mandibular and maxillary arches
and are called diastema.’ The etiological factors of the
median diastema or a gap between maxillary central
incisors are the presence of supernumerary teeth
(mesiodens), a disproportion between the size of the
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teeth and arch perimeter, abnormal labial frenum,
hypodontia, and periodontal disease.’ It is a common
aesthetic problem in mixed and early permanent
dentition with areported frequency of 1.6-25.4%.’
Among the various causes of median diastema, the role
of the frenum is of vital interest. The pull of the
inordinately large and wide frenal attachment is much
greater than usual in some individuals. This variation
may require orthodontic treatment for reasons beyond
mere cosmetics. It produces a constant force on the
attached gingiva with the ultimate consequence of
periodontal pocket and localized gingival recession.’
This study was aimed to determine the distribution of
the type of maxillary labial frenal attachment and its
association with median diastema in school-going
children of Raiwind Lahore. During orthodontic
treatment, understanding the association of frenal
attachment and median diastema is of immense
importance as the frenal tissue can inhibit the closure of
a diastema. A seemingly perfect orthodontic correction
of diastema may be unstable leading to post-
orthodontic relapse. In cases of high frenal attachment,
the adjunctive surgical removal of the labial frenum
becomes quite necessary by employing Miller's
technique, V-Y plasty, Z plasty, conventional
frenectomy, or electrocautery.” This study will
contribute to the local database and will highlight the
importance of this association in orthodontic diagnosis
and treatment planning. It will also support the grounds
for spreading public awareness regarding median
diastema, its etiology, effect on the rest of the dentition,
role in aesthetics, and diverse treatment options
available for treating this problem.

METHODOLOGY
This cross-sectional study involved 815 children
studying in 8 different schools of Raiwind, Lahore.
Firstly, ethical approval (Letter No.SMDC/SMRC
/106-19, 07-11-2019) for the study was obtained from
Sharif Medical & Dental College, Lahore and the study
duration was from January to March 2020. Thereafter,
permission was taken from the schools' principals for
intraoral examination of the children fulfilling the
selection criteria. Informed consent was also taken
from their parents prior to the examination date. The
inclusion criteria were children of both genders aged 10
to 16 years, having fully erupted both maxillary central
incisors. The exclusion criteria were children having
foreign ethnicity, children with hypodontia,
microdontia, macrodontia, supernumerary tooth,
periodontitis, cleft lip and/or palate, or any other
orofacial deformity. Children undergoing orthodontic
treatment or with a previous history of orthodontic
treatment, dental trauma, restored anterior teeth, dental
prosthesis, or any dental extraction were also excluded.

Data was collected by the primary researcher. To avoid
visual fatigue, the number of children examined per day
was kept to a maximum of 30, which corresponded to
the number of children in one class. All intraoral
examinations were performed by the direct visual
method. Each child was examined while seated in an
upright position under natural daylight using
disposable wooden blades to retract the upper lip and
examine median diastema and frenal attachment. The
child's head was then extended to view the palatine
papilla on the palatal surface to check for any palatal
attachment of the frenal fibers. Type of maxillary labial
frenal attachment, presence or absence of median
diastema, type of dentition, whether mixed or
permanent, were recorded in a pre-designed proforma
along with the demographic data.
The type of frenal attachment was based on
classification by Placek etal. (Figure 1).
*  Mucosal: when the frenal fibers are attached up
to the mucogingival junction.
* QGingival: when the frenal fibers are inserted
within the attached gingiva.
e Papillary: when the frenal fibers are extending
into interdental papilla.
e Papilla penetrating: when the frenal fibers cross
the alveolar process and extend up to palatine
papilla.’

d

Figure 1: Types of Maxillary Labial Frenal

Attachment
(a) Mucosal type (b) Gingival type
(c) Papillary type (d) Papillary penetrating

Median diastema is seeninb & d

STATISTICAL ANALYSIS
Data was analyzed by Statistical Package for the Social
Sciences (SPSS) version 25. Quantitative variables
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like age were represented as mean and standard
deviation. Categorical variables like gender, labial
frenal attachment type, and median diastema (presence
or absence) were represented as frequency or
percentage. The Chi-square test was used to determine
the association between median diastema and labial
frenal attachment. A p-value of <0.05 was considered
significant.

RESULTS

A total of 815 children participated in this study with a
mean age of 12.5+1.1 years, out of which 56.2% were
males and 43.8% were females. Among the types of
frenal attachment, the gingival type (61.3%) was the
most common while papillary penetrating (4.3%), the
least common (Figure 2).

Median diastema was present in about 32.8% of
children, out of which 153(57.3%) were males and
114(42.7%) were females. There was no significant
difference in diastema among both genders (p-

value=0.707). An association between median
diastema and the type of frenal attachment was
determined using the Chi-square test. Figure 3 shows
percentage of median diastema in various frenal
attachment types. A p-value of 0.001 showed a
statistically significant association between the two
variables.

Among the gingival type of frenal attachment (which is
most common), 58.8% were males and 41.2% were
females. The distribution of various types of frenal
attachment according to gender is displayed in Table 1.
There was an insignificant difference in frenal
attachment types among genders (p-value=0.001).
Regarding the type of dentition, 57.9% had mixed
dentition and 42.1% had permanent dentition. In mixed
dentition, median diastema was present in 51.7% of
children, and in permanent dentition, it was found in
48.3% of children. An association between median
diastema and dentition was determined using the Chi-
square test and a p-value of 0.007 was significant.

= Gingival
= Mucosal
Papillary

Papillary Penetrating

Figure 2: Percentage of Maxillary Labial
Frenum Attachment Type

H Diastema Present

Mucosal Gingival
600
400
360
200

- -
0 C40

Diastema Absent

Papillary Papillary Penetrating
53
o2 o35

Figure 3: Percentage of Median Diastema in Various Frenal Attachment Types
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Table 1: Gender Distribution of Maxillary Labial Frenal Attachment Type

Male Female Total
Type of Frenal p-value
Attachment Freq y (Percentage) | Freq y (Percentage) | Frequency (Percentage)

Mucosal 104(59.4%) 71(40.6%) 175(100%)
Gingival 294(58.8%) 206(41.2%) 500(100%)
Papillary 40(38.1%) 65(61.9%) 105(100%) 0.001%*
Papillary Penetrating 20(57.1%) 15(42.9%) 35(100%)
Total 458(56.2%) 357(43.8%) 815(100%)

*Significant p-value

= Mucosal = Gingival = Papillary mPapillary Penetrating

74.30%

68.60%
55.0%
0,
48.60% 51.40%
45.0%
31.40%
I 25.70%

Mixed Permanent

Figure 4: Distribution of Maxillary Labial Frenal Attachment Types among Mixed and
Permanent Dentition

Figure 4 shows the distribution of frenal attachment conducted in Iraq and Jordan.""” However, Thahir et al.
types among both the dentitions and there was a found papillary penetrating in 16.1% of subjects and
statistically significant association between them (p- papillary type in 3.1% of subjects from Prague.’
value=0.001). Similarly, Jindal et al. found papillary penetrating in
3.2% of the sample population and papillary type in
DISCUSSION 2.4% of the sample population in India.’ The difference
The characterization of maxillary labial frenum and in these results from the current study are probably
interdental spaces of maxillary central incisors is representative of the population diversity.
important because they may impose some The gender-based analysis in this study showed a
modifications in dental treatment procedures.” The statistically significant difference regarding the types
current cross-sectional study conducted on 815 school- of labial frenum (p=0.001), whereas, in other studies no
going children of Raiwind Lahore, Pakistan, found that significant gender difference was found.™"
the most frequent type of maxillary labial frenum was The present study found median diastema in 32.8% of
gingival (61.3%). Similar results were found in other school-going children, whereas a study conducted by
studies.™" However, according to Jindal et al., and Deepa in Chennai reported 75.5% children with

Nadar, mucosal type was the most common.™"” diastema." According to Jonathan et al., 41.75% of the

The present study showed papillary (12.9%) and population of Sri Ganganagar city had median
papillary penetrating (4.3%) are the least common diastema.’ In this study, it was considerably higher in
types of frenal attachment, comparable to the studies males (57.3%) than females (42.7%), similar to the
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studies conducted in Jammu Kashmir and India.”" The
higher prevalence in males can probably be attributed
to their late dental development than females.

The present study showed a significant association
between the type of frenal attachment and median
diastema (p=0.001). Diastema was present in 100% of
children having the papillary penetrating type of labial
frenum.

Deepa reported that there was an increased presence of
median diastema in children with the gingival type and
the papillary type of frenum attachment.* Another
study reported median diastema to be associated with
the papillary (33.3%) and the papillary penetrating type
(62.5%) similar to the present study.’ A study including
Caucasian subjects in Poland also showed similar
results."”

In this study, an association between the types of
maxillary labial frenum and dentition was also studied.
The most frequent type of frenal attachment in mixed
dentition was papillary penetrating (74.3%) whereas, in
permanent dentition it was papillary (51.4%). This is in
contrast to another study in which the most frequently
occurring frenal attachment type in mixed dentition
was gingival (52.2%), in permanent dentition was
mucosal (85.7%) and in primary dentition was also
mucosal (41.1%).’

In the current study an association of dentition with
median diastema was also determined and it was found
to be significant (p=0.007). The percentage of median
diastema was higher in mixed dentition children
(51.7%) than in permanent dentition (48.3%). This
result could be attributed to the fact that mesial drifting
of permanent teeth during growth and development can
reduce or close the median diastema.”™ This could
explain the reduced frequency of median diastema in
older children with permanent dentition.

Median diastema in mixed dentition can be transitional
which requires no orthodontic treatment. However,
regular follow-up is essential in these children. Median
diastema can be genetic, physiological, or due to dental
factors like hypodontia, macroglossia, ankylosed
central incisors, dentoalveolar discrepancy, and
delayed or ectopic canine eruption. Midline alveolar
bone cleft could also be considered as a contributory
factor of median diastema.” The difficulty for an
orthodontist lies in decision making, whether to close,
open, or redistribute the space in the arch. Orthodontic
space closure by reciprocal anchorage, reducing incisor
proclination, or composite build-ups may eliminate the
need for prosthetic rehabilitation of median diastema
but there can be an esthetic and/or functional problem
in case of missing maxillary lateral incisors.”
Treatment of median diastema depends on many
factors such as the age of the patient, dentofacial
profile, amount of overjet, lip support, tooth
morphology, and root angulation. If all or most of these

factors are unfavorable, space opening and prosthetic
replacement are probably the top choice."”

Papillary and papillary penetrating types of labial
frenal attachment, which persist even after vertical
alveolar growth during the transition from mixed to
permanent dentition, require surgical treatment, with
simultaneous fixed orthodontic treatment to close the
median diastema.” Even after treatment, timely and
appropriate counseling about maintaining proper oral
hygiene is certainly recommended. A great amount of
emphasis should be placed on the proper examination
of the maxillary labial frenum during routine dental
check-ups, as it is relevant to smile aesthetics and also
one of the leading causes of median diastema. This
further makes it important to properly classify the
frenum and its morphological variations before
commencing orthodontic treatment so that a successful
outcome in the long-term is achieved through proper
diagnosis and treatment planning.”

CONCLUSION

The current study found maxillary labial frenal
attachment types in children in the following
descending order: gingival, mucosal, papillary, and
papillary penetrating. Median diastema was present in
all children with the papillary penetrating type of
attachment. Furthermore, the frequency of median
diastema decreased from papillary to mucosal type.
The association between median diastema and the type
of labial frenal attachment was statistically significant.
The occurrence of median diastema was more common
in males and mixed dentition, however, the association
was significant for the type of dentition, but not gender.

LIMITATIONS & RECOMMENDATIONS
The limitation of this study is a small sample size from
only one Tehsil of Lahore, Pakistan. Similar studies
should be conducted in other districts of the country as
well, covering a broader region for more purified
results pertaining to the frenal type and its association
with median diastema. The influence of other
etiological factors on median diastema was not
determined, as only labial frenal attachment type was
assessed. Future studies may determine the exact single
etiological factor of median diastema with a more
refined sampling method. Furthermore, dental
extractions, tooth size discrepancy, periodontal
problems, and size variation of pre-maxilla should also
be taken into consideration as a probable reason for
diastema.
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ABSTRACT

Objective: To measure the anatomical parameters of the proximal end of femur among local population from a single center of Pakistan.
Methodology: A cross-sectional study was conducted on sixty non paired human cadaveric femorii at the Department of Anatomy, Sharif
Medical & Dental College, Lahore from September to December 2020. Exclusion criteria were considered as fractured or damaged bones. The
total length of the femur in cm, the diameter of femur head in mm, length of femur neck in mm, the diameter of femur neck in mm, the thickness
of femur neck in mm, and neck-shaft angle in degrees were observed and measured for each femur.

Results: Total number of femorii studied was sixty out of which 31 were right-sided and 29 were left-sided. The mean length of the right femorii
was 44.78+1.29 cm whereas the left femorii mean length was 44.62+2.01 cm. The total mean length of 60 femorii was 44.7+1.66 cm. The neck-
shaft angle of the right femorii was 122.2944.93°, whereas of left femorii was 124.074+4.26°. The total mean neck-shaft angle of 60 femorii was
123.15+4.66°. However, Analysis of Variance (ANOVA) showed statistically no significant difference between the various anatomical
parameters of right and left femorii.

Conclusion: There was no statistically significant difference recorded between anatomical parameters length, diameter of femur, length,
thickness & diameter of femoral neck, and neck-shaft angle of the right and left femorii.

Keywords: Neck-shaft angle. Femur. Femur length. Femur neck length.

INTRODUCTION

natomists and orthopedic surgeons have

studied the femur bone and its relation to

various clinical conditions by measuring its
different anatomical parameters which differ in various
ethnic and regional groups.' In humans, femur
commonly known as the thigh bone, is the longest and
the sturdiest bone which measures around 45 cm, about
one fourth of the length of an average built adult. The
femur is studied in three parts, the upper, lower, and
middle parts. The upper end is expanded forming a
head, neck, greater and lesser trochanters with
intervening inter-trochanteric line and inter-
trochanteric crest. The expanded lower end forms the
medial and lateral condyles with the middle cylindrical
part forming the shaft or diaphysis. The length of the
neck is about 5 cm connecting the head and shaft and
making an angle of about 125° with the shaft.’ Angle
between the long axis of the shaft of the femur and the
long axis of the femur neck is known as a neck-shaft
angle. It is also known as the angle of the neck of the
femur, angle of inclination, and cervico-diaphyseal
angle. The normal angle of the neck of the femur varies
between 120° and 140°. The condition in which this
angle is less than 120° is known as coxa vara and the
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condition in which this angle is more than 140° is
known as coxa valga. The neck-shaft angle facilitates
the hip joint movements and enables the lower limb to
swing clear of the pelvis.’

The anatomical understanding of the femoral neck-
shaft angle is helpful in treating pathologies of this area.
This angle is measured from the proximal end of the
shaft of the femur and neck length can be predicted and
hence prosthesis can be prepared for restoration. This
knowledge is very valuable in planning any
interventional procedure on the hip joint like
arthroplasty, osteotomy or fracture fixation. Also, this
information can be useful in implant manufacturing in
our community as an incorrect implant can lead to
abnormal weight transfer from the upper part of the
body to the lower limb causing tension and stress in the
affected parts. This may lead to long-term serious
mobility issues in the affected individual.’In this study
we observed the anatomy of the proximal end of the
femur in relation to its various parameters from
cadaveric bones. Our aim of the study was to find out
various anatomical parameters including length,
diameter, length, thickness & diameter of femoral neck,
and neck-shaft angle of the right and left femorii in our
community.

METHODOLOGY
The present cross-sectional study was conducted on
sixty (n=60) unpaired dry femorii of unknown age and
sex; thirty one were right-sided and twenty nine were
left-sided femorii. After the approval by the
institutional ethical committee (Letter No. SMDC/
SMRC/121-20, 23-06-2020) the bones were collected
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from the Anatomy Department of Sharif Medical &
Dental College, Lahore from September to December
2020.

Fractured and damaged bones were excluded from the
study. In the current study, six anatomical parameters
were measured by using the osteometric board (Figure
1), vernier caliper (Figure 2), and a goniometer (Figure
3). The parameters which were recorded were; total
length of the femur in cm, the diameter of femur head in
mm, length of femur neck in mm, the diameter of femur
neck in mm, the thickness of femur neck in mm, and
neck-shaftangle in degrees (Figure 4).

Figure 2: Vernier Calipers

Figure 3: Goniometer

The femur was placed on the osteometric board by
rotating its shaft internally. The total length of the
femur was measured from the uppermost point of the
caput of the femur to the most distal part of the medial
condyle on the osteometric board. The distance
between the proximal and distal end of the femoral head
in the cranio-caudal axis was recorded as femur head
diameter.' The distance between the inferior part of the

Figure 4: Measurements of Parameters of the
Proximal End of Femur

a. Diameter of femur head b. The thickness of femur neck

c. Diameter of femur neck d. Length of femur neck

e. The total length of the femur f. The neck-shaft angle of the femur

base of the femoral head and the lower end of the inter-
trochanteric line was measured as femoral neck length.
The distance between the proximal and distal end of the
neck of the femur in cranio-caudal direction was
measured as femoral neck diameter. The thickness of
the femur neck was measured in the antero-posterior
axis. The neck-shaft angle was measured with the help
of a goniometer. It was measured by taking the long
axis of the shaft and the long axis of the neck of the
femur. The line joining the center of the head of the
femur and the upper end of the midpoint of the
narrowest part of the neck was taken as the long axis of
the neck.’

STATISTICAL ANALYSIS

All observations and results gathered were thoroughly
analyzed as per standard statistical methods. Data
analysis was done using Statistical Package for the
Social Sciences (SPSS) version 23. Mean and standard
deviation was calculated for quantitative variables and
one-way ANOVA was applied to observe differences
within and between various parameters of right and left
femorii. A p-value of <0.05 was considered statistically
significant.
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RESULTS

The total number of femorii studied was sixty out of
which 31 were right-sided and 29 were left-sided. The
mean length of the right femorii was 44.78+1.29 cm
whereas the left mean length was 44.62+2.01 cm. The
total mean length of 60 femorii was 44.7+£1.66 cm. The
neck-shaft angle of the right femorii was 122.29+4.93°
whereas of left femorii was 124.07+4.26°. The total
mean neck-shaft angle of 60 femorii was 123.15+4.66°.
The recorded anatomical parameters, the total length of
the femur in cm, the diameter of femur head in mm,
length of femur neck in mm, the diameter of femur neck
in mm, the thickness of femur neck in mm, and neck-
shaftangle in degrees are presented in Table 1.

DISCUSSION

Over 80,000 artificial hip joint replacement procedures
are performed annually all over the world.’ Due to the
geographical differences in the built of human beings,
the prosthesis should preferably be designed to remove
pathology and restore normal anatomy for a particular
population.® One study showed that a mismatch
between femoral bone and stem may result in
micromotion which can be a major cause for thigh pain,
osteolysis, and aseptic loosening.” Oversized implants
may cause the femur to fracture and undersized
implants may fail to bind with the bone."

In the current study, the mean length of the right femorii
was 44.78+€1.29 cm whereas the left mean was
44.62+2.01 cm. The total mean length of 60 femorii

was 44.7+1.66 cm. In a similar study done by Khan et
al., the mean length of femorii was comparable to our
results which were 44.62+2.63 cm, the length of right
femorii was 44.66+2.66 cm and of left femorii was
44.58+2.61 cm.’ Another study carried out by Verma et
al., showed similar results in which the mean femorii
length was 42.82+2.87 cm, the length of right femorii
wass42.94i2.77 cm and of left femorii was 42.70+3.01
cm.

The neck-shaft angle of the femur has been a very
important gauge to measure the inclination between
shaft and neck of the femur helping in the diagnosis of
many pathologies of the proximal end of the femur and
hence its curative treatments.” The normal angle
between the shaft and neck of the femur varies between
120-140° degrees. Any neck-shaft angle of the femur
less than 120° is defined as coxa vara and angles more
than 140° are defined as coxa valga. The specific
knowledge of this geometry is not only useful in
preoperative planning of procedures on the proximal
end of the femur such as arthroplasty or fixation of
fracture but is also useful in designing suitable
prosthesis for a particular population thus minimizing
the postoperative complications leading to tension in
the soft tissues, painful gait and joint stress especially
on the knee joint." In our study the neck-shaft angle of
the right femorii was 122.29+4.93° whereas of left
femorii was 124.07+4.26°. The total mean neck-shaft
angle of 60 femorii was 123.1544.66°. These results are
similar to a study conducted by Amith et al." In another

Table 1: Mean Values of Different Parameters of Femur in Right, Left, and Both Femorii

Right-Sided Left-sided Total (n=60 ANOVA Between

Parameters (Femorii) (n=31) (n=29) 1(\)/Ia (Iﬂl:SD) Right & Left
Mean+SD Mean+SD can p-value

Length of Femur (cm) 44.78+1.29 44.62+2.01 44.70+1.664 0.910
Diameter of Femur

42.19+3.240 42.97+£2.958 42.57+3.105 0.581
Head (mm)
Length of Femur

48.97+4.764 48.93+7.066 48.95+5.936 0.745
Neck (mm)
Thickness of Femoral

24.94+2.744 25.384+2.583 25.154+2.654 0.402
Neck (mm)
Diameter of Femur

34.23+3.138 35.3143.587 34.75+3.378 0.405
Neck (mm)
Neck-shaft Angle of

122.29+4.927 124.07+4.259 123.15+4.664 0.098
Femur (degree)
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study done by Gullapalli et al., the neck-shaft angle was
comparable to our results which were 121° of both
sides, mean angle of right femorii was 119+17.15° and
that of left femorii was 123+10.8°."” Our results were
also in agreement with another study conducted by
Ravichandran et al. In their study the neck-shaft angle
was 126.55°."” Other similar studies by Fischer et al.,
and Eiénitriou et al., reported a neck-shaft angle of
127°.%

The present study was conducted primarily to find out
various anatomical parameters of the proximal end of
the femur in our part of the world. This study will help
clinicians, especially orthopedic surgeon to treat and
correct various anomalies and pathologies of the neck-
shaftarea of the femur.

CONCLUSION
There was no statistically significant difference
recorded between anatomical parameters length,
diameter of femur, length, thickness & diameter of
femoral neck, and neck-shaft angle of the right and left
femorii.

LIMITATIONS

This study has some limitations as it was conducted in a
single center with an unpaired and relatively smaller
number of bones of unknown age and sex. So, it is
suggested that in the future this study should be
conducted in multiple centers of Pakistan. The
proximal parameters of the femur should also be
studied separately in males and females of different age
groups.
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ABSTRACT

Objective: To compare the clinical efficacy of bacteria-based probiotics with fungi-based probiotics for the treatment of acute watery diarrhea
in children between 5 months to 5 years of age.

Methodology: A cross-sectional descriptive study was conducted on 150 cases of acute diarrhea admitted in the Paediatrics Department, Akhtar
Saeed Trust Hospital, Lahore from May to June 2020. Patients were included by convenient sampling technique and further divided into groups
A & B. Group A included 75 patients treated with bacteria-based probiotic i.e. Lactobacillus acidophilus and group B comprised 75 patients
treated with fungi-based probiotic, Saccharomyces boulardii. Twelve billion lyophilized heat-killed Lactobacillus acidophilus was given twice
a day to group A patients and 250 mg of Saccharomyces boulardii was given twice a day to patients included in group B. The children in each
group (A and B) were observed on the 3" day of treatment to see the efficacy. If diarrhea was resolved on day 3 of starting a probiotic, then that
particular probiotic was considered as clinical efficient. The efficacy of probiotics used in both groups was compared.

Results: The age range of the children included in the study was 5 months to 5 years. In group A, 31(41.33%) and in group B, 27(36%) were in
age group 1-2 years. In group A, 24(32%) and 31(41.33%) in group B were between 3-4 years, while 20(26.67%) in group A and 17(22.6%) in
group B were 5 years of age. The mean age was 3.22+2.53 years in group A and 3.7642.89 years in group B. As for as gender was concerned,
39(52%) in group A and 44(58.67%) in group B were males while 36(48%) in group A and 31(41.33%) in group B were females. Comparison of
clinical efficacy in both groups revealed that 43(57.33%) in group A and 21(28%) in group B were effectively treated while the remaining
32(42.67%) in group A and 54(72%) in group B did not show efficacy. A statistically significant difference (p-value=0.0001) was found in the

comparison of the efficacy of both groups.

Conclusion: Clinical efficacy of bacteria-based probiotics is higher than fungi-based probiotics in the treatment of acute watery diarrhea.

Keywords: Acute watery diarrhea. Bacteria-based probiotics. Fungi-based probiotics. Efficacy.

INTRODUCTION

iarrhea is reported to be one of the leading

causes of death in developing countries. Every

child, on average, suffers from 5-6 episodes of
diarrhea per year in Pakistan. The prevalence of
diarrhea in Pakistan has been found to be 7.8%.'
Diarrhea is defined as the passage of loose, watery
stools from the bowel three or more times a day,
indicating a change in the consistency of stool.
Diarrhea can lead to serious complications like severe
malnutrition, and morbidity. The main causes of deaths
due to diarrhea in developing countries are dehydration
and water & electrolyte imbalances.” Diarrhea is one of
the major known cause of prolonged hospital stay for
children under five years.’
The term “Probiotics” is a Greek word that means “For
Life”. Probiotics are living microbial organisms such
as bacteria or yeast which are known to be resistant to
digestion. Usually, they remain alive in the colon and
are beneficial to the host when ingested in the
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recommended dose." Microbial intestinal flora is
known to have a protective role probably due to their
inherent metabolic activities which play a beneficial
role for the host. Probiotics have shown to considerably
decrease the gastrointestinal diseases such as childhood
diarrhea antibiotic associated diarrhea, traveller's
diarrhea, Helicobacter pyloriinfections, etc.’

The use of probiotics is recommended in the treatment
of diarrhea in children.’ The possible mechanisms by
which probiotics work include antimicrobial products
formation, competing with pathogens for nutrients
required for their growth, and modifying toxins or toxin
receptors. Also, they are known to modulate
nonspecific and specific immune reactions in the body.’
Lactobacillus acidophilus, a probiotic bacterium is
effective in reducing the span of acute watery diarrhea.’
Saccharomyces boulardii, a probiotic yeast, has also
been documented in the treatment of various types of
diarrhea.” Probiotics play an important role in
microbiological and immunological effects in patients
with watery diarrhea.’ Probiotics differ in their ability
to resist gastric acid and bile acids, colonize the
intestinal tract, and influence cytokines secreted by
intestinal epithelial cells. Thus, not all probiotics are
alike. As aresult, benefits observed clinically with one
species or with a combination of species are not
necessarily generalized to another. Saccharomyces
boulardii and Lactobacilli have been reported to show
different clinical efficacy in treating acute watery
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diarrhea.’

The rationale of the current study was to determine
which type of probiotics either Saccharomyces
boulardii or Lactobacillus acidophilus is more
efficacious than the other. So, by using probiotic
therapy complications of diarrhea can be prevented.

METHODOLOGY

It was a cross-sectional descriptive study conducted on
150 children with acute watery diarrhea admitted to the
Paediatrics Department of Akhtar Saeed Trust
Hospital, Lahore. After taking approval from the
institutional ethical committee (Letter No.
1040917/ASTH, 15-04-2020), the study was
conducted from May to June 2020. A total of 150
children of both genders between 5 months to 5 years of
age who presented with acute watery diarrhea (more
than or equal to 3 loose consistency stools in last 24
hours not more than 14 days) accompanied with severe
dehydration (lethargic, drinking poorly, eyes markedly
sunken, skin pinch >2 seconds) were included in the
study.” These patients were treated with Lactobacillus
acidophilus or Saccharomyces boulardii. Informed
consent was taken from the parents/attendants of the
children. Patients were included by convenient
sampling technique and further divided into groups A &
B. Group A included 75 patients treated with
Lactobacillus acidophilus and group B comprised 75
patients treated with Saccharomyces boulardii.
Children who had a history of antibiotic associated
diarrhea and were already taking antibiotics/
antidiarrheal or probiotics in the previous weeks,
immunodeficient children, children with severe
abdominal distension and risk of bowel perforation,
and those with a history of gastrointestinal tract surgery
were excluded from the study.

Twelve billion lyophilized heat-killed Lactobacillus

Table 1: Study Variables of Group A & B

acidophilus was given twice a day to group A patients
and 250 mg of Saccharomyces boulardii was given
twice a day to patients included in group B. The
children in each group (A and B) were observed on the
3" day of treatment to see the efficacy. If diarrhea was
resolved on day 3 of starting a probiotic, then that
particular probiotic was considered as clinical efficient.
Rehydration and Zinc supplements were given to every
patient as recommended by World Health
Organization.

STATISTICAL ANALYSIS
Analysis of data was done by Statistical Package for the
Social Sciences (SPSS) version 25. Comparison of
efficacy of probiotics in both the groups was analysed
by using Chi-square test. A p-value <0.05 was
considered to be statistically significant.

RESULTS
A total of 150 patients qualifying the inclusion were
enrolled to compare the clinical efficacy of bacteria-
based probiotics with fungi-based probiotics in treating
watery diarrhea in children between 5 months to 5 years
of age. The mean age in group A was 3.2242.53 years
while the mean age in group B was 3.76+2.89 years.
Age distribution of patients included in group A & B is
shown in Table 1. Our study showed that diarrhea is
common under the age of 4 years and there is a
decreasing trend of the proportion of older children
affected by diarrhea. Frequency & severity of acute
diarrhea was equal in both genders i.e. 52% in group A
and 58.67% in group B affected by diarrhea were
males, while 48% in group A and 41.33% in group B
affected by diarrhea were females. Both bacterial and
fungal probiotics showed significant clinical efficacy
in diarrhea treatment. Comparison of efficacy in both
groups showed that diarrhea was resolved in 57.33% in

Group A Group B
Study Variables
Frequency (Percentage) Frequency (Percentage )
1-2 31(41.33%) 27(36%)
Age (Years) 34 24(32%) 31(41.33%)
5 20(26.67%) 17(22.67%)
Male 39(52%) 44(58.67%)
Gender
Female 36(48%) 31(41.33%)
Yes 43(57.33%) 21(28%)
Efficacy
No 32(42.67%) 54(72%)
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Table 2: Stratification for Efficacy in Both Groups According to Age & Gender

Group A (n=43) Group B (n=21)
Study Variables
Frequency (Percentage ) Frequency (Percentage )

1-2 14(32.56%) 9(42.86%)
Age (Years) 3-4 17(39.53%) 7(33.33%)
5 12(27.91%) 5(23.81%)
Male 26(60.47%) 14(66.67%)

Gender
Female 17(39.53%) 7(33.33%)

group A and 28% in group B while the rest 0f42.67% in
group A and 72% in group B did not show efficacy. A
statistically significant difference (p-value=0.0001)
was found in the comparison of the efficacy of both
groups. Stratification of age and gender in both groups
is shown in Table 2.

DISCUSSION
Worldwide, diarrhea is the second most important
cause of death in less than five years paediatric age
group. Early management of diarrhea in children is
essential, as it may lead to significant morbidity and
mortality."
Our study showed that diarrhea is common under the
age of 4 years and there is a decreasing trend of the
proportion of older children affected by diarrhea. This
indicates that infants and younger children are more
susceptible to organisms causing acute diarrhea. A
study conducted by Shati et al., showed that diarrhea is
more prevalent in children under 2 years of age." In a
recent study by Sanyaolu et al., it was illustrated that
diarrhea was predominant among children less than 5
years of age.” The findings are similar to the present
study results in terms of the age group affected by acute
watery diarrhea.
Frequency & severity of acute diarrhea was equal in
both genders i.e. 52% in group A and 58.67% in group
B affected by diarrhea were males, while 48% in group
A and 41.33% in group B affected by diarrhea were
females. These findings are similar to a recent study
which also supports our findings that there is no
difference in severity or frequency of diarrhea in both
genders.” A study by Mahmud et al., found that
dehydrating diarrhea was more prevalent in girls when
they presented to the hospital as compared to the boys,
which contradicts the current study findings."”
Probiotics have therapeutical potential in treating
dysbiosis involved in treating gastrointestinal
disorders.” Our results showed that both bacterial and
fungal probiotics showed significant clinical efficacy
in diarrhea treatment. Lactobacillus was effective in

treating 57.33% of all diarrhea cases. Another study
revealed that it is beneficial in the treatment of diarrhea
in children." In the fungal probiotic group
Saccharomyces showed clinical efficacy of 42.67%. A
study conducted on beneficial effects on Saccharo-
myces boulardii also showed that it's a safe and
effective remedy in treating acute diarrhea.”

Our results showed that clinical efficacy of bacterial-
based probiotics given in group A is higher than fungal-
based probiotics given in group B (p-value=0.0001).
Comparable results were found in another study by
Erdogan et al., showing that the clinical efficacy of
bacterial probiotics is significantly higher than fungal
probiotics coinciding with the present study results. '

CONCLUSION
Clinical efficacy of bacteria-based probiotics is higher
than fungi-based probiotics in the treatment of acute
watery diarrhea.

LIMITATIONS & RECOMMENDATIONS

Lactobacillus acidophilus is found more efficacious
than Saccharomyces boulardii for resolving acute
watery diarrhea. So, use of bacteria-based probiotics
can decrease disease morbidity and mortality.
This study did not compare the adverse effects of the
probiotics and hospital stay of the patients. Further
studies are suggested to be carried out so that any
adverse effects may be addressed.
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Hip Abductor Strength following Total Hip Arthroplasty:
A Prospective Study of Lateral Approach in 38 Patients
Farhan Majeed, Khawar Tufail, Ahmad Shams Nasir, Mohammad Arif, Zahid Shafique

ABSTRACT

Objective: To assess the hip abductor strength and Trendelenburg test after total hip arthroplasty through a lateral approach.

Methodology: It was a prospective cohort study conducted at the Department of Orthopedic Surgery, Services Hospital, Lahore over a duration
of 10 months from March to December 2020. Thirty-Eight patients with unilateral hip osteoarthritis undergoing total hip arthroplasty via lateral
approach were selected by convenient sampling. Pre-operative assessment of patients was done and the patients were re-assessed post-
operatively after 1, 4, and 24 weeks for muscle strength using the Medical Research Council (MRC) Scale and Trendelenburg test. Paired t-test
was used to assess the difference between mean abductor muscle strength after 1 and 24 weeks for statistical, significance considering a p-value
<0.05 as asignificant value.

Results: Out of the 38 patients selected, 2 were lost during the follow-up. Pre-operatively 24 patients tested positive and 14 tested negative for
the Trendelenburg test on the involved side. The average muscle strength on the involved side pre-operatively was 3.67+0.43. There was a
marked difference in the Trendelenburg test and muscle power pre-operatively on the normal side. One week post-operatively, 15 patients tested
positive for the Trendelenburg test in contrast to 24 pre-operatively, 7 tested positive at 4 weeks and 3 tested positive at 24 weeks subsequently.
Muscle power improved to 4.21+0.41 one week post-operatively in contrast to 3.67+0.43 pre-operatively, 4.53+0.51 at 4 weeks, and 4.954+0.23
at 24 weeks. This trend was seen in both males and females.

Conclusion: There is a marked improvement in hip abductor strength following total hip arthroplasty using lateral approach provided timely

rehabilitation is applied along with good patient compliance. The MRC method has proven to be a simpler yet effective method.

Keywords: Abductor strength. Lateral approach. Osteoarthritis. Total hip arthroplasty. Trendelenburg test.

INTRODUCTION

otal hip arthroplasty is the preferred modality of

treatment in advanced osteoarthritis of the hip

or when all other modalities are deemed
ineffective. It is most commonly performed via the
lateral or posterior approach each having its merits and
demerits. The lateral Hardinge approach requires the
dissection of the abductor muscle mass which can result
in weakened abductor muscle strength and abductor
insufficiency post-operatively.' Abductor insufficiency
may be caused due to either injury to the superior
gluteal nerve or failure to securely attach the muscle
mass following dissection.” This can have a significant
functional outcome on the patient's post-operative
activities of daily living. Some may require more time
and rehabilitation for the recovery of the hip abductor
strength to normal.’
The most common pathologies affecting the hip joint
are avascular necrosis of the head of the femur, fracture
of the neck of the femur and osteoarthritis. These
pathologies can also render the abductor musculature
of the hip joint weak on the affected side.’ Patients with
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osteoarthritis of the hip joint, on the other hand, may
already have reduced abductor weakness as a result of a
reduction in mass, disuse, and pain in the hip joint, as a
result of which the joint is prone to further mechanical
instability, decreased shock absorption, and worsening
the disease.’

Abductor muscles of the hip also play a leading role
during the normal gait of the patient. During the stance
phase of the gait cycle, the ipsilateral hip abductors
have to contract eccentrically to stabilize the pelvis and
to avoid excessive shock impact on the contralateral hip
joint.” Weak abductors can result in a Trendelenburg
gait where there is a drop or adduction of the opposite
hip during walking. The primary muscles involved are
the gluteus medius and gluteus maximus.
Trendelenburg test was first described by Friedrich
Trendelenburg in 1895 as a test for abductor muscle
function.’

The Medical Research Council of Great Britain
system is a method of manual muscle testing that has
been in use since the early 1940's. It is simple to use and
interpret using numbers between 0 and 5. This method
of quantifying the strength of muscles has been used in
several studies.”

Despite the increase in the number of total hip
arthroplasties, much void in the literature needs to be
filled in regard to how hip abductor strength is related to
its function and which exercises yield the best
functional outcome. Literature available in our country
regarding the abductor strength post-operatively in
patients of total hip arthroplasty is lacking. So, the aim
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of the current study was to investigate the hip abductor
strength in patients undergoing total hip arthroplasty
via lateral approach.

METHODOLOGY

It was a prospective cohort study conducted at the
Department of Orthopedic Surgery, Services Hospital,
Lahore after approval by the institutional ethical
committee (Letter No. IRB/2020/468/SIMS, 04-01-
2020) over a duration of 10 months from March to
December 2020. Twenty female and eighteen male
patients with unilateral primary or secondary
osteoarthritis undergoing total hip arthroplasty were
included in this study after written informed consent.
Patients with bilateral hip osteoarthritis, previous
surgery on the hip, previous hip fracture, hip dysplasia,
diagnosis of congenital dislocation of the hip, Paget's
disease, or rheumatoid were excluded from this study.
Abductor strength of the patients was measured using
the Medical Research Council Scale and
Trendelenburg test pre-operatively & post-operatively.
The surgery was performed by the two surgeons both
using the lateral approach to minimize the bias of the
technique. This approach involves splitting of the
gluteus minimus and medius muscles following which
these are retracted anteriorly and in continuity with the
anterior portion of the vastus lateralis muscle.

Standard physical therapy regime was started on the
first post-operative day and continued daily until
discharge at about 1 week after the surgery. Exercises
carried out before the discharge by the physiotherapist
included an active range of motion of hip, knee, and
ankle, and functional activities. Patients were advised
partial weight bearing with an assisted walking device
for 6 months and weight bearing as tolerated following
that. Upon discharge, the patients were given
instructions regarding home exercises and were called
for follow-up at 2 weekly intervals. The patients were
assessed after 1,4, and 24 weeks of surgery.

In our study we had one physiotherapist who performed
Trendelenburg test to standardize our results. The
patients were asked to perform one leg stance for 20
seconds. If the patient was unable to hold the one leg
stance for 20 seconds, the test was deemed positive and
negative if the patient held onto a single leg stance for
more than 20 seconds. Measurement of abductor
strength and Trendelenburg test was performed by the
same physiotherapist with the patient in an erect
position. This assessment was done at 1, 4, and 24
weeks post-operatively.

The Medical Research Council muscle strength
scoring system consists of 5 scores (Table 1). This was
measured pre-operatively and then post-operatively
after 1, 4, and 24 weeks at follow-up.

STATISTICAL ANALYSIS
Data was analyzed using Statistical Package for the
Social Sciences (SPSS) version 26.0. Paired t-test was
used to assess the difference between mean abductor
muscle strength pre-operatively & post-operatively
after 1, 4, and 24 weeks. The results were considered
statistically significant with a p-value <0.05.

RESULTS

Out of the 38 patients selected, 20 were females and 18
were males. The mean age of patients was 71.96£8.60
years, with a mean height of 1.69+0.14 m and a mean
weight of 77.05+£13.56 kg. The youngest patient was 54
years of age and the oldest was 88. Two patients were
lost to the follow-up. Thus 36 patients were assessed up
to the end of the study period. Patient demographics are
tabulated in Table 2.

Pre-operatively, 24 patients tested positive and 14
tested negative for the Trendelenburg test on the
involved side. The average muscle strength on the
involved side pre-operatively was 3.67+0.43. There
was a marked difference in the Trendelenburg test and
muscle power pre-operatively on the normal side. One

Table 1: Medical Research Council Muscle Strength Scoring System

Score Description
0 No contraction visible or palpable
1 Flicker of contraction visible or palpable, although no limb movement
2 Active movement with gravity eliminated with full range of motion
3 Active movement against gravity with full range of motion
4 Active movement against moderate resistance with a full range of motion
5 Normal power
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Table 2: Descriptive Information of Patients

Hip Abductor Strength following Total Hip Arthroplasty: A Prospective Study of Lateral Approach in 38 Patients

Age Height Weight
(Years) (m) (kg)
Females (n=20) 66.80+7.78 1.65+0.07 78.40£11.45
Gender
Males (n=18) 77.11+8.60 1.73+0.08 75.56+10.75
Mean+SD 38 71.96+8.60 1.69+0.14 77.05+13.56
Table 3: Trendelenburg Test and MRC Score of Study Subjects
pre L-week 4-week 24-week P?;red dt-:estb statistics 8fzor
Study Variables . Post- Post- Post- rendelenburg test
operative . . . MRC score at 1 week
operative operative operative
and 24 weeks
Trendelenburg Test
Positive 24 15 7 2 t=4.13
Negative 14 23 31 36 p-value=0.00
MRC Score
Mean+SD 3.67+0.43 4.21+£0.41 4.53+0.51 4.95+0.23
.. t=-10.18
Minimum 3.00 4.00 4.00 4.00 _
p-value=0.00
Maximum 4.00 5.00 5.00 5.00

week post-operatively, 15 patients tested positive for
the Trendelenburg test in contrast to 24 pre-operatively,
7 tested positive at 4 weeks and 3 tested positive at 24
weeks subsequently. Muscle power improved to
4.21+£0.41 one week post-operatively in contrast to
3.67+0.43 pre-operatively, 4.53+0.51 at 4 weeks, and
4.95+0.23 at 24 weeks. This trend was seen in both
males and females (Table 3).

DISCUSSION

Total hip arthroplasty is most commonly performed via
the lateral Hardinge approach.” This was also the
approach used for this study as it is commonly
performed in our unit. There were 20 female and 18
male patients and the mean age of the patients was
71.96+8.60 years. Other studies also reported that
osteoarthritis occurs more commonly in females, and in
patients aged above 60 years. "

Pre-operatively, we assessed the abductor muscle
strength and Trendelenburg test of both the affected and
the unaffected side. The abductor muscle strength on
the unaffected side was 5 out of 5 according to the MRC

grading.This was mainly due to our selection of
patients with unilateral hip osteoarthritis. This trend
was seen in patients of all age groups. The affected side,
however, revealed the mean abductor strength of
3.67+0.43 out of 5 pre-operatively. This was a result of
pain in the affected hip due to osteoarthritis. Post-
operatively the abductor strength was seen to be
4.21+0.41 out of 5 at the first week following the
physiotherapy. This jumped to 4.53+0.51 out of 5 at 4
weeks and finally to 4.95+0.23 out of 5 at 24 weeks
post-operatively. This was seen because the source of
pain in the affected hip joint had been removed and the
patients were better able to cope with abductor
strengthening exercises as a result of which this
improvement in abductor strength was observed post-
operatively.

A systematic review and meta-analysis were conducted
to evaluate abductor muscle strength deficit in patients
having total hip arthroplasty. According to this review,
the strength of abductor muscle is reduced as compared
to the unaffected contralateral side but it is improved
post-operatively after hip arthroplasty."
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The results revealed 2 patients testing positive on the
unaffected side and 36 testing negative. This was an
unusual finding since both of these patients had
abductor strength of 5 out of 5 on the unaffected side.
This discrepancy may be explained by poor
understanding of the patients of the test pre-operatively
since the investigator was the same pre and post-
operatively. The affected side pre-operatively showed
the test to be positive in 24 patients and negative in 14.
This was in correlation to the fact that 27 patients had
abductor muscle strength of less than 5 pre-operatively.
Post-operatively, as the abductor strength improved,
the patients testing negative for the Trendelenburg also
increased. At one week post-operatively 15 patients
tested positive and 23 negative in contrast to 24 testing
positive and 14 negative pre-operatively. Those
patients testing positive went from 7 at 4 weeks and 3 at
24 weeks post-operatively whereas those testing
negative went from 31 at 4 weeks and 35 at 24 weeks
post-operatively. We found patients with total hip
arthroplasty had improved abductor muscle strength
following physiotherapy by 24 weeks post-operatively.
None of the patients was limited by pain during muscle
strengthening exercises. In another study, 88 patients
who underwent total hip arthroplasty through lateral
approach were included in the study. They assessed
abductor strength and Trendelenburg test post-
operatively and found improved Trendelenburg test
result after surgery (p-value <0.001)."

In this study, we used the MRC method of grading the
abductor muscle power. This system of grading does,
however, have its limitations which can lead to bias in
the result. Large joint motor muscles such as deltoid
around the shoulder joint and hip abductors may
recover enough strength against resistance but may not
be able to provide the full range of motion against
gravity. This can lead to confusion between grades
three and four. Recent studies used devices such as Kin-
Com isokinetic dynamometer to evaluate muscle
strength and it reduces the limitations faced when using
the MRC system. Measurement with such devices is
not without limitations, in the performance and
accuracy of measurement of muscle strength.

Another prospective study measured the abductor
muscle strength of patients after total hip arthroplasty
by using 1 Repetition Maximum (1RM) test. The study
showed marked improvement in the abductor muscle
strength following total hip replacement using the
lateral approach. Although abductor strength post-
operatively using the direct anterior or posterior
approach was higher than the abductor strength using a
direct lateral approach, the abductor strength using
direct lateral approach reached 100% at 6 weeks and
112% at 3 months of the pre-operative value." These
finding are consistent with the results of our study.

Another study conducted by Tantithawornwat et al.,
reported that abductor muscle strength increased after
total hip arthroplasty. It has no significant correlation
with preoperative limb lengthen discrepancy. Total hip
arthroplasty is an effective modality to decrease pain &
improve functional outcomes of the patients.”

CONCLUSION

Hip abductor strength improves markedly, following
total hip arthroplasty using lateral approach provided
timely rehabilitation is applied along with good patient
compliance. Although multiple methods of measuring
hip abductor muscle strength following total hip
arthroplasty using lateral approach are available, the
MRC method has proven to be a simpler yet effective
method.

LIMITATIONS & RECOMMENDATIONS

The MRC system of grading does however have its
limitations which can lead to bias in the result. Large
joint motor muscles such as deltoid around the shoulder
joint and hip abductors may recover enough strength
against resistance but may not be able to provide the full
range of motion against gravity. This can lead to
confusion between grades three and four. Another
limitation of the study is the need to standardize the
pathologies leading to a decrease in hip abductor
strength pre-operatively, as this can help us understand
how already weakened abductor musculature of the hip
due to underlying pathology can respond functionally
following traumatizing lateral approach to the hip.
A larger sample size needs to be evaluated to further
understand the functional outcome of abductors and to
validate the efficacy of the MRC grading of muscle
strength over newer devices used for measuring
abductor strength.
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Diagnostic Accuracy of Ultrasonography in Diagnosing Acute
Pancreatitis, Taking Computed Tomography as Gold Standard
Rafia Irum, Maliha Yousaf

ABSTRACT

Objective: To determine the diagnostic accuracy of ultrasonography (USG) in diagnosing acute pancreatitis taking computed tomography as
gold standard.

Methodology: It was a cross-sectional study conducted from September 2020 to February 2021 at the Department of Radiology, Sharif
Medical & Dental College, Lahore. A total of 156 patients of both genders between 15-55 years and with a duration of disease <2 weeks were
included in the study. Patients presented with symptoms of acute pancreatitis like sudden onset abdominal pain, fever (>101F), tachycardia
(heart rate >120/min), and serum amylase > 400U/L were taken as positive symptoms and included in this study. Patients with history of
abdominal trauma, hypersensitivity history to iodinated contrast agent, chronic kidney failure, claustrophobic patients, and patients unable to
undergo Computed Tomography (CT) scanning were excluded from the study. After taking informed consent, ultrasonography (USG) of
hepatic-biliary system was performed by the consultant radiologist and was looked for presence or absence of acute pancreatitis as per-
operational definition. All patients underwent CT scan and reports were interpreted by the radiologist. Ultrasonographic findings were
compared with CT scan findings.

Results: Ultrasonography supported the diagnosis of acute pancreatitis in 71(45.51%) patients. Computed tomography findings confirmed
acute pancreatitis in 81(41.67%) cases. In USG positive patients, 59 were true positive and 12 were false positive. Among 85 USG negative
patients, 06 were false negative whereas 79 were true negative (p=0.0001). Overall sensitivity, specificity, positive & negative predictive value
and diagnostic accuracy of ultrasonography in diagnosing acute pancreatitis taking computed tomography as gold standard was 90.77%,

86.81%, 83.10%, 92.94% and 88.46%, respectively.

Conclusion: Ultrasonography is a highly sensitive and accurate non-invasive method in diagnosing acute pancreatitis.

Keywords: Acute pancreatitis. Ultrasonography. Sensitivity. Specificity.

INTRODUCTION

cute pancreatitis (AP) is a sudden

inflammation of the pancreas that can involve

adjacent or farther-apart tissues and organs. It
is caused by triggering of its own enzymes that causes
digestion of the gland. Acute pancreatitis is a common
presentation in the emergency department (ED),
generally of mild and severe forms. Admission
judgments by ED clinicians are done according to the
severity of pancreatitis.”
Acute pancreatitis can be divided into mild acute
pancreatitis (MAP) and severe acute pancreatitis
(SAP). It is an inflammatory disorder of the pancreas
that has been clinically defined as a common form of
acute abdominal pain.” Mild acute pancreatitis has a
good prognosis & few problems with low mortality.
But, it is noted that severe acute pancreatitis that is
followed by serious complications has a high mortality
rate.”” Early diagnosis of necrotizing pancreatitis is
significant because it helps to select the proper therapy
of this severe condition & improves clinical outcome,
management, symptom, and prognosis.’

Sharif Medical & Dental College, Sharif Medical City.
Sharif Medical City Road, Off Raiwind Road, Jati Umra,
Lahore 54000, Pakistan.

Correspondence: Dr. Rafia Irum

Assistant Professor Department of Radiology
Sharif Medical & Dental College, Lahore
E-mail: dr.rafiaasim@gmail.com

Received: May 2, 2021; Accepted: June 27, 2021

Since the early 1980s, various clinical or radiological
scoring systems have been developed to predict the
incidence and outcome of acute pancreatitis. Validation
& comparison of the different scoring systems are
complicated by confusing and incompatible use of
terminology and definitions of severity, complications,
and outcome of the disease.’

Predicting the development of disease has remained a
major challenge in managing of acute pancreatitis. The
Bedside Index for Severity in Acute Pancreatitis
(BISAP) is easy to calculate from the data available in
the first124 hours." The BISAP is a new, convenient,
prognostic multifactor scoring system. The BISAP
score may be a useful tool for risk stratification and
prognostication in acute pancreatitis patients.’
Computed tomography severity index (CTSI) requires
the use of intravenous contrast agents to determine the
presence and extent of pancreatic necrosis, as well as
inflammatory changes and local and/or extra-
pancreatic complications.” Computed tomography
severity index is highly precise & sensitive than any
other method in both diagnosing as well as
demonstrating the extent of pancreatitis."

Abdominal imaging is useful to confirm the AP
diagnosis. For the diagnosis of AP, contrast enhanced
computed tomography (CECT) has a high sensitivity
and specificity of 94.4%."” Contrast enhanced
computed tomography should not be used routinely in
patients with AP because the diagnosis is obvious in
many patients and the majority of them have a mild,
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uncomplicated path.” Contrast Enhanced CT is
considered to be the gold standard imaging modality in
the assessment of patients with acute pancreatitis."*
Ultrasonography is a medical diagnostic imaging
modality that is widely used for AP because of its
simplicity, portability, low cost, and low radiation
exposure.” In a study, Fei et al. has shown sensitivity
and specificity of ultrasonography in diagnosing acute
pancreatitis as 92.0% and 84.0%, respectively." The
imaging role is not only to diagnose acute pancreatitis
but to demonstrate the presence & extent of pancreatic
necrosis and the complications of acute pancreatitis.
On searching the literature, it has been observed that
limited information is available regarding the
diagnostic accuracy of ultrasonography for detection of
acute pancreatitis as well as no local study done in this
regard, so this study was planned to determine the
diagnostic accuracy of ultrasonography for detection of
acute pancreatitis. This study will not only provide the
local stats of the issue but will also be a useful addition
in the existing literature. Furthermore, it may serve as
an alternate to C'T hence a simple, economical and cost
effective diagnostic tool can be offered to the patient.

METHODOLOGY

This cross sectional study was conducted from
September 2020 to February 2021in the
Radiology department of Sharif Medical & Dental
College, Lahore after obtaining permission from the
institutional board of the hospital (SMDC/SMRC/
129-20, 06-08-2020). Informed written consent was
obtained from the patients. A sample size of 156 was
calculated with 95% confidence level by taking
expected prevalence of acute pancreatitis as 85.20%
and 5% desired precision for sensitivity and 15% for
specificity of USG in diagnosing acute pancreatitis as
92.0% & 84.0%, respectively. '’

All the patients presenting with clinical symptoms of
suspected acute pancreatitis like sudden onset
abdominal pain, fever (>101F), tachycardia (heart rate
>120/min), and serum amylase >400U/L were taken as
positive and were included in the study. Patients of both
genders between 15-55 years and with a duration of
disease <2 weeks were included in the study. Patients
with history of abdominal trauma, history of
hypersensitivity to iodinated contrast agent, chronic
kidney failure (assessed on history and medical record
(s/creatinine >1.1mg/dl), claustrophobic patients, and
those who were unable to undergo CT scanning were
excluded from the study.

After taking informed consent, ultrasonography of
hepato-biliary system was performed by the consultant
radiologist (at least 3 years of post-fellowship
experience) and was looked for presence or absence of
acute pancreatitis. All patients underwent CT scan and

reports were interpreted by the consultant radiologist
(at least 3 years of post-fellowship experience).
Ultrasonography findings were compared with CT
scan findings. All this data including the demographic
data (age, gender, duration of disease, BMI) was
recorded on a specially designed proforma.

STATISTICAL ANALYSIS

Data was entered in Statistical Package for the Social
Sciences (SPSS) version 25. Age, duration of disease,
BMI were presented as mean & standard deviation.
Categorical data like gender and acute pancreatitis on
USG and CT were presented as percentage &
frequencies. A 2x2 contingency table was used to
calculate sensitivity, specificity, positive & negative
predictive value and diagnostic accuracy of multi slice
CT scan in diagnosing necrotizing pancreatitis, taking
histopathology as gold standard. Effect modifiers like
age, gender, duration of disease, and BMI were
controlled by stratification. Post-stratification 2x2
contingency table was used to calculate specificity,
sensitivity, positive & negative predictive value &
diagnostic accuracy of USG in diagnosing acute
pancreatitis. A p-value <0.05 was taken as significant.
Patients with acute pancreatitis on ultrasonography as
well as on CT scan were taken as true positive. Patients
with no acute pancreatitis on ultrasonography as well as
on CT scan were taken as true negative. The patients
with acute pancreatitis on ultrasonography but absent
on CT scan were considered as false positive and those
with no acute pancreatitis on ultrasonography but
present on CT scan were considered false negative.

RESULTS

In our study, a total of 156 patients were included. The
mean age of the patients was 43.98+7.01 years. One
thirty seven patients (87.82%) were between 36 to 55
years of age. Out of these 156 patients, 97(62.18%)
were males & 59(37.82%) were females with a ratio of
1.6:1. Average duration of disease and BMI was
7.27+3.35 days and 28.83+3.40 kg/m’, respectively
(Table 1).

Ultrasonography (USG) supported the diagnosis of
acute pancreatitis in 71(45.51%) patients. CT findings
confirmed acute pancreatitis in 81(41.67%) cases. In
USG positive patients, 59 were true positive and 12
were false positive. Among 85, USG negative patients,
06 were false negative whereas 79 were true negative
(p=0.0001) (Table 2). Sensitivity, specificity, positive,
negative predictive value, and diagnostic accuracy of
ultrasonography in diagnosing acute pancreatitis,
taking computed tomography as gold standard was
90.77%, 86.81%, 83.10%, 92.94%, and 88.46%,
respectively. Diagnostic accuracy stratification with
respect to age group, gender, duration of disease &
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BMI are shown in Table 3,4, 5, and 6.

DISCUSSION
Pancreatitis is an inflammatory process in which
pancreatic enzymes auto digest the gland. The gland
sometimes heals without any impairment of function or
any morphologic changes; this process is known as
acute pancreatitis. Pancreatitis can also recur on a
regular basis, leading to the gland's functional and
morphologic loss; this is referred to as chronic
pancreatitis. The pancreas is just 0.1 percent of total
body weight, but it has 13 times the protein-producing
capacity of the liver and reticuloendothelial system,
which together accounts for 4% of the total body
weight.” In the primary phase of acute pancreatitis,
abdominal USG is the main imaging technique for

assessment of biliary stones as the cause of acute
pancreatitis & for assessment of the biliary tract.’

This study was done to see how much is the diagnostic
accuracy of ultrasonography in diagnosing acute
pancreatitis, taking computed tomography as the gold
standard. The mean age of the patients in our study was
43.98+7.01 years. Most of the patients, 137 (87.82%)
were between 36 to 55 years of age. Ultrasonography
supported the diagnosis of acute pancreatitis in 71
(45.51%) patients. Computed tomography findings
confirmed acute pancreatitis in 81 (41.67%) cases.
Fifty nine patients were true positive and 12 were false
positive in USG positive patients. Six were false
negative whereas 79 were true negative in USG
negative patients (p=0.0001).

In our study, total sensitivity, specificity, positive &

Table 1: Distribution of Patients According to Age, Gender, Duration of Symptoms and BMI

Study Variables Results

MeanSD 43.98+7.01

Age (Years) 15-35 19(12.18%)
36-55 137(87.82%)

Male 97(62.18%)

Gender Female 59(37.82%)

Durati . Mean+SD 7.27£3.35
S;If;t‘;’:;: Days) <7 85(54.49%)
>7 71(45.51%)

Mean£SD 28.83+3.40

BMI (kg/m’) <27 56(35.90%)
>27 100(64.10%)

Table 2: Diagnostic Accuracy of Ultrasonography in Diagnosing Acute Pancreatitis, taking

Computed Tomography as Gold Standard

Positive on Negative on
CT Scan CT Scan

Positive on USG 59(True positive) 12(False positive)
Negative on USG 06(False negative) 79(True negative)
p-value 0.0001

Sensitivity 90.77%

Specificity 86.81%

Positive Predictive Value 83.11%

Negative Predictive Value 92.94%

Diagnostic Accuracy 88.46%
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Table 3: Stratification of Diagnostic Accuracy and Age

Age (Years)
15-35 (n=19) 36-55 (n=137)
Positive Negative Positive Negative
on CT Scan on CT Scan on CT Scan on CT Scan
Positive on USG 10('T.1ue 01 (Fglse 49(?1"116 1 l(f glse
positive) positive) positive) positive)
Negative on USG n(;(gl;?iI\SzZ) n(ng(;l;ir\lllz) ESS;ZI\?Z) Zé;?vee)
p-value 0.001 89.09%
Sensitivity 100% 86.59%
Specificity 88.89% 86.59%
Positive Predictive Value 90.92% 81.67%
Negative Predictive Value 100% 92.21%
Diagnostic Accuracy 94.74% 87.59%
Table 4: Stratification of Diagnostic Accuracy and Gender
Gender
Male (n=97) Female (n=59)
Positive Negative Positive Negative
on CT Scan on CT Scan on CT Scan on CT Scan
Positive on USG 41(.T'rue 04(Eglse 18(Tme 08(Eglse
positive) positive) positive) positive)
Negative on USG e | nepstve) | noguine) | negatve)
p-value 0.001 0.001
Sensitivity 93.35% 81.82%
Specificity 92.59% 78.38%
Positive Predictive Value 91.11% 69.23%
Negative Predictive Value 96.15% 87.88%
Diagnostic Accuracy 93.81% 79.66%
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Table 5: Stratification of Diagnostic Accuracy and Duration of Disease

Duration of Disease (Days)
<7 (n=85) >7 (n=40)
Positive Negative Positive Negative
on CT Scan on CT scan on CT scan on CT scan
Positive on USG 5 2:;;5:) gggi?}:; Iz)zg;l;s:) ggii?isee)
Negative on USG ngjlvsee) 111(532) ﬁgéiilvf) iggfflvi)
p-value 0.001 0.001
Sensitivity 83.33% 100%
Specificity 87.76% 85.71%
Positive Predictive Value 83.33% 82.86%
Negative Predictive Value 87.76% 100%
Diagnostic Accuracy 85.88% 91.55%
Table 6: Stratification of Diagnostic Accuracy and BMI <27 kg/m’
BMI (kg/m’)
<27 (n=56) >27 (n=100)
Positive Negative Positive Negative
on CT scan on CT scan on CT scan on CT scan
| | |
Negative on USG f:g(fﬁlff) ri;(;fsz) 35223155) rsligffe)
p-value 0.001 0.001
Sensitivity 84.0% 95.0%
Specificity 87.10% 86.67%
Positive Predictive Value 84.0% 82.61%
Negative Predictive Value 87.10% 96.30%
Diagnostic Accuracy 85.71% 90.0%
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negative predictive value or diagnostic accuracy of
ultrasonography in diagnosing acute pancreatitis,
taking computed tomography as gold standard was,
90.77% sensitivity, which is the ability of USG to
correctly identify those patients who had acute
pancreatitis, 86.81% specificity which has the ability of
USG to correctly identify those patients who did not
have acute pancreatitis. Another study showed 92.0%
sensitivity & 84.0% specificity of ultrasonography in
diagnosis of patients with acute pancreatitis."’

In a study by Tenner et al., a total 110 consecutive
patients with acute pancreatitis were included. In a
patient with clinically serious acute pancreatitis, the
probability of a positive ultrasound result was 89.60%
(sensitivity). Ultrasound had a sensitivity of 77.80% in
assessing moderate and extreme types of acute
pancreatitis as defined at laparotomy. The low
specificity of ultrasound was 44.00% in comparison
with modified prognostic criteria, but high in
comparison with CT (87.50%) & staging at laparotomy
(85.69%). According to the author, the early ultrasound
in acute pancreatitis is helpful in diagnosing the
severity of the disease and also affect the decision
making. As compared to our results, the sensitivity,
specificity, positive & negative predictive value and
diagnostic accuracy of ultrasonography in diagnosing
acute pancreatitis, taking computed tomography as
gold standard was 90.77%, 86.81%, 83.10%, 92.94%,
and 88.46%, respectively."’

Ultrasonography of the pancreas is challenging, given
its retroperitoneal position with overlying structures &
comparatively small size. Initial works in the countries,
describe the sign of pancreatic structural changes seen
by trans-abdominal ultrasonography of around two-
thirds in the diagnosed chronic pancreatitis cases."
Early diagnosis of acute pancreatitis is greatly modified
after advent of USG & CECT scan because pancreas is
a difficult organ to evaluate by conventional
radiological techniques.

CONCLUSION
Ultrasonography is a highly sensitive & accurate non-
invasive method in diagnosing acute pancreatitis. It has
not only improved ability of detection of acute
pancreatitis but also better patient care by proper pre-
operative planning and management of acute
pancreatitis patients.

LIMITATIONS & RECOMMENDATIONS
One of the limitations of the study was bowel gas,
which can obscure the pancreas. These limitations are
overcome by using CT, which provides more
diagnostic information in the assessment of both acute
and chronic pancreatitis pathologies. Sample size was
small and the study was undertaken in a single center.

Future studies should be multicentered. We
recommend that USG should be used routinely for
accurate detection of acute pancreatitis which will help
in proper pre-operative planning for these particular
patients in order to reduce the morbidity & mortality of
such patients.
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ABSTRACT

Objective: To measure the level of immature platelet fraction in patients with the acute coronary syndrome.

Methodology: It was a cross-sectional comparative study conducted at the Department of Pathology, Postgraduate Medical Institute, Lahore
from November 2017 to November 2018. One hundred and seventy respondents were included and divided into two groups, a case group, and a
control group. In the case group, 85 patients of acute coronary syndrome and in the control group, 85 age-matched normal healthy individuals
were included using a non-probability convenient sampling technique. The immature platelet fraction (IPF) was measured in both groups using
Sysmex haematology analyser (XN-1000). An independent sample t-test was applied to compare the mean of normally distributed data in both
groups.

Results: The ages of the patients in case group ranged between 18-86 years and in control group 17-80 years. No statistical significant
difference was found when the age of the patients and the controls were compared (p-value >0.05). In the case group, there were 45(26.47%)
males and 40(23.53%) females whereas in the control group there were 47(27.65%) male and 38(22.35%) female cases. The mean immature
platelet fraction in the case group and control group was 8.716+6.2834% and 3.83+1.63%, respectively. A significant difference was found in
the comparison of mean IPF in the case & control groups (p-value <0.001).

Conclusion: The levels of immature platelet fraction were raised among patients with the acute coronary syndrome. So, increased levels of IPF

can lead to other thrombotic events or unfavorable prognosis in patients with acute coronary syndrome (ACS).

Keywords: Immature platelet fraction. Mean platelet volume. Acute coronary syndrome. Cardiovascular disease.

INTRODUCTION

ardiovascular diseases are the major cause of

death around the world.' Among

cardiovascular diseases, acute coronary
syndrome is the leading cause of morbidity and
mortality. Acute coronary syndrome accounts for the
first presentation of coronary vessel diseases and is a
broader term used for describing signs and symptoms
of cardiac ischemia.” On the basis of signs and
symptoms, findings on ECG and certain laboratory
parameters ACS can be sub-grouped as ST-segment &
non-ST-segment elevation myocardial infarction, and
unstable angina. The acute coronary syndrome can
cause fatal events like cardiogenic shock causing the
sudden arrest of cardiac activity further leading to
death.” Amongst today's challenges, the major goal is to
design such strategies which can prevent the
occurrence of adverse coronary events and identify the
individuals who are at greater risk of occurrence of
ACS/
Cardiac troponins and iso-enzymes of creatine kinase
are the routine investigations that are being used for the
diagnosis of ACS. Troponin is the most sensitive,
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specific, and reliable cardiac marker and is being
currently used as a gold standard investigation for the
diagnosis and risk stratification in ACS patients.
However, it remains undetectable in 40-60% of the
patients who are suffering from ACS. Platelet indices
are a more reliable and accurate tool, as a new cardiac
biomarker, of cardiovascular events and can be used
potentially for the risk stratification of cardiovascular
diseases.” Platelets are now being considered as the
source of release of inflammatory mediators. These
mediators further lead to platelet adhesion. The
thrombotic potential of platelets causes the release of
further mediators which leads to the activation of the
inflammatory process and the propagation of the
coronary vessel thrombosis predisposing to the
thrombotic events.’

Platelets vary in properties like size, density, and
activity. These variations can be associated with the
initial triggering factor of ACS. Platelets that are large
in size have stronger adhesion potential and
aggregating effect than the platelets with smaller size.
Anincrease in the volume of platelets is associated with
the increased prothrombotic potential of
atherosclerotic plaque in ACS and is the risk factor for
thrombus formation in coronary vessels in patients of
acute myocardial infarction (AMI).

Mean platelet volume (MPV) is a component of
complete blood count (CBC) and is the commonly used
most reliable index for platelet size identification and
the status of its activation. An increase in MPV is
associated with various cardiovascular risk factors and
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comorbidities like diabetes mellitus, hypertension,
hypercholesterolemia, and obesity.’

Amongst the platelets circulating, the youngest form is
the reticulated platelets. They are bigger than the
senescent platelets and they have the residual RN A that
gives the reticulated appearance and are hyperactive
because they express more GPIb and GPIIb/IlIa
receptors. Now a days, a fast fully automated method is
available for the quantification of reticulated platelets
via a parameter called IPF, which is a ratio of
reticulated platelets and a total number of platelets.
Immature platelet fraction may be a more sensitive and
specific indicator as compared to MPV for the
measurement of platelet reactivity.” It is noticed that in
subjects with coronary artery disease, IPF is increased
as compared to normal healthy subjects. The formation
of atherosclerotic plaque results in complications like
myocardial infarction and stroke due to the occlusion of
thrombotic vessels. Vascular damage repair and the
maintenance of narrow capillaries to remain patent is a
complex, mechanism and platelets act as a key for the
regulation of the process."

Platelets contribute to both the dysfunction of
endothelium and the rupture of plaque in the process of
atherosclerosis. The platelet interaction with
endothelium lining vessels causes excessive activation
of platelets which reduces the half-life and increases the
turnover of platelets, hence influence the MPV and
IPF." Activation of platelets causes the release of
specific proteins. B-TGF is the first platelet-specific
protein that is released during the aggregation of
platelets resulting in inflammatory and thrombotic
processes that both play part in the pathogenesis of the
development of ACS."

Platelet activation parameters can be beneficial tools
for coronary disease progression before the occurrence
of cardiac cell necrosis.” Hence the goal of this study
was to evaluate platelet morphological index in patients
of ACS as compared to controls without ACS.

METHODOLOGY
It was a cross-sectional comparative study and carried
out at the Department of Pathology, Postgraduate
Medical Institute, Lahore. The study was approved by
the ethical committee of the institution (ethical
approval # UHS/Education/126-17/3368, 01-08-
2017). The study patients were selected from the
Punjab Institute of Cardiology Lahore, employing a
non-probability convenient sampling technique. The
duration of the study was from November 2017 to
November 2018. A total of 170 subjects were included
and divided into two groups, the case group, and the
control group. In the case group, 85 patients of acute
coronary syndrome, and in the control group, 85 age-
matched normal healthy individuals were included.

Both the study groups included individuals greater than
18 years of age. Patients included in the case group had
raised levels of cardiac troponin I >0.04 ng/ml and at
least one of the following was a must to be present for
the inclusion in the current study: clinical symptoms of
ischemia/significant ST-segment & T wave changes/
development of pathological Q waves.

Patients with acute inflammation, chronic circulatory
insufficiency, cancer, renal failure, diabetes mellitus,
history of acute coronary syndrome, patients on
anticoagulant treatment (acenocoumarol, warfarin,
dabigatran, rivaroxaban), and patients taking
antiplatelet drugs (acetylsalicylic acid, clopidogrel,
ticagrelor) were excluded from the study.

A questionnaire was filled for each patient, samples
were collected and tests were performed to collect the
required data. After obtaining the informed consent of
the patients, the personal information of patients was
recorded on the proforma designed for the study. The
blood pressure of all the patients and controls was
measured. Under aseptic measures, venous blood was
collected in EDTA & gel vacutainers. Random blood
sugar and serum creatinine were measured in both
groups. Complete blood count was performed within 3-
4 hours of sample collection using Sysmex automated
hematology analyzer (XN-1000) and immature platelet
fraction was checked.

STATISTICAL ANALYSIS

Data was entered and analyzed using Statistical
Package for the Social Sciences (SPSS) version 24.
Mean+standard deviation (SD) was used for
quantitative data like age, blood pressure, random
blood glucose, serum creatinine, and immature platelet
fraction. An independent sample t-test was applied to
compare the mean values of study variables of both
groups. A p-value <0.05 was considered as significant.

RESULTS

The ages of the patients in case group ranged between
18-86 years and in control group 17-80 years. No
statistical significant difference was found when the
age of the patients and the controls were compared (p-
value>0.05).

In the case group, there were 45(26.47%) males and
40(23.53%) females whereas in the control group there
were 47(27.65%) male and 38(22.35%) female cases.
Regarding gender, no significant results were seen
when both groups were compared (p-value=0.758).
Figure 1 shows gender distribution in both groups.

The mean systolic blood pressure (BP) in patients and
controls was 137.68+15.621mmHg and
128.89+18.813 mmHg, respectively, while the mean
diastolic BP in patients and controls was 86.36+9.716
mmHg and 81.39+11.536 mmHg, respectively. The
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mean systolic and diastolic BP was statistically higher
in the case group as compared to controls (p-value
<0.05). The mean blood glucose levels in the case
group were 132.21433.63 mg/dL and in controls was
132.84+32.04 mg/dL. The mean glucose level was not

mg/dL with statistically higher levels in ACS patients
(p-value=0.02).

The mean immature platelet fraction in ACS patients
and controls was 8.716+6.2834% and 3.83+1.63%,
respectively (Table 1). Mean IPF was statistically high

statistically different in both groups (p-value=0.984).
The mean serum creatinine in ACS patients was
1.01£0.32 mg/dL and in controls was 0.913+0.26

in the case group as compared to controls (p-
value=0.001). Figure 2 shows immature platelet
fraction (%) in both study groups.

Gender
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Figure 1: Gender Distribution in Both Groups

Table 1: Study Variables of Both Study Groups

Study Variables PStl.ldy Mean+SD Minimum | Maximum | p-value
atients
BP Systolic Case 137.68+15.621 110 160
H 0.001
(mmHg) Control 128.89+18.813 112 155
BP Diastolic Case 86.36+9.716 70 100
0.003
(mmHg) Control 81.39+11.536 70 100
Blood glucose Case 132.21+33.63 183 60
0.984
levels (mg/dL) Control 132.84+32.04 183 60
Serum creatinine Case 1.01£1.10 0.3 1.7
0.02%
(mg/dL) Control 0.913+1.10 0.6 1.5
Immature Platelet Case 8.716+6.2834 31.6 6.8
DR <0.001*
Fraction (%) Control 3.83+1.63 6.8 2.8

*Significant p-value
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Figure 2: Immature Platelet Fraction (%) in Both Study Groups

DISCUSSION

Among the cardiovascular diseases acute coronary
syndrome is considered to be one of the most prevalent
and a major cause of mortality worldwide.” Raised
levels of immature platelet fraction are observed
among patients with acute coronary syndrome when
compared with normal healthy individuals. Age is
considered the most important factor that plays a
significant role in the progression of numerous diseases
because most of the diseases are prevalent among
elderly people with increasing age.'

The present study indicated that the majority of the
patients in both groups were more than 50 years old.
Similar results were found in another study conducted
by Pervin and teammates, who reported that most of the
patients were more than 40 years old while some of
them were up to 40 years old." Our study indicated that
the mean age of the cases was 57.04+11.62 years and
the mean age of controls was 54.14+9.84 years. The
results of a recent study performed by Khalifa and
coworkers highlighted that the mean age of the cases
was 61.32+7.20 years while the mean age of the
controls was 57.40+7.89 years.” Another study
indicated that the mean age of the cases was
50.87411.02 years while among controls mean age was
47.31£12.09 years."

High blood pressure and cholesterol are considerable
risk factors associated with acute coronary syndrome.*
It was found during the study that both systolic and
diastolic blood pressure was raised in ACS patients as
compared to the controls. The mean systolic BPin ACS
patients and controls was 137.68+15.621 mmHg and
128.89+18.813 mmHg, while the mean diastolic in
patients and controls was 86.36+9.716 mmHg and
81.39£11.536 mmHg, respectively. The findings of a
study undertaken by Abdallah et al., showed results

similar to our results indicating that mean systolic
blood pressure among cases was 132430 mmHg and
136+30 mmHg among controls while mean diastolic
blood pressure was 80+17 mmHg and 79+15 mmHg in
cases and controls, respectively."’

Our study showed that among patients with ACS the
immature platelet fraction levels are raised as
compared to normal healthy individuals. During this
study when the levels of IPF were evaluated, the study
demonstrated that among the majority of the controls,
the levels of immature platelet fraction were found
normal while in a major proportion of ACS patients,
raised levels of immature platelet fraction were
observed. The study pointed out that the mean
immature platelet fraction in patients was 8.72+6.28%
and among controls was 3.83+1.63% with statistically
significant results showing raised levels in ACS
patients. The findings of a study performed by Berny-
Lang and fellows indicated that mean immature platelet
fraction among patients suffering from ACS was
5.0+£2.8% and in controls, it was 4.6+2.7% showing
statistically insignificant results." These findings are in
contrast to the present study results.

The results of our study were supported by a similar
study conducted in 2020 concluding that IPF is a novel
biomarker for the prediction of major adverse
cardiovascular outcomes in patients of ACS."
Immature platelet fraction is a biomarker of ACS. A
study conducted by Huang et al. concluded that MPV
and IPF were significantly raised in patients of ACS.
Mean platelet volume represents the volume of
platelets and remains constant within 4 months after
measurement whereas IPF represents the measure of
platelet producing activity by the marrow. Hence MPV
can be used for predicting the onset of ACS, whereas
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peripheral immature platelets are degraded within 24
hours. Thus, a sudden increase of IPF may predict the
prognosis of patients with ACS.”

Another study was conducted to evaluate platelet
count, IPF, and MPV in patients undergoing coronary
artery bypass grafting. Daily changes in platelet count,
IPF, and MPV were observed along with the daily
prognostic subjective improvements of the patients. Of
the three markers used, immature platelet count was the
most surrogate index for the production of platelets.”
The acute coronary syndrome includes ST elevation
myocardial infarction (STEMI), non-ST elevation
myocardial infarction (NSTEMI), and unstable angina
(UA). A study was aimed to analyze the differences of
platelet indices among subtypes of ACS in Dr.
Soetomo hospital in 2019. The results of the study
concluded that IPF values were significantly higher in
STEMI patients than NSTEMI and UA and the values
of NSTEMI patients were higher than the values of UA
patients. The platelet count, MPV, platelet distribution
width, and plateletcrit were higher in both STEMI and
NSTEMI compared to UA. The median of IPF values
of STEMI, NSTEMI, and UA patients showed a
gradual decrease of 3.8%, 2.7%, and 2.0%,
respectively. The IPF values were significantly
different among each type of ACS patient giving an
opportunity to use this marker to differentiate the ACS
types.”

Several studies were conducted in regard to the
immature platelets showing increased levels of
reticulated platelets in patients with ACS. In patients of
ACS, an evaluation showed that patients with an
increase in reticulated platelet count came up with the
increase in the incidence of major ischemic
cardiovascular events, which again signifies the
importance of IPF in the diagnosis of ACS.”

CONCLUSION
The levels of immature platelet fraction were raised
among patients with the acute coronary syndrome. So,
increased levels of IPF can lead to other thrombotic
events or unfavorable prognosis in patients with ACS.

LIMITATIONS & RECOMMENDATIONS

e Immature platelet fraction should be used for
screening of patients at risk of a thrombotic event.

e Further diagnostic studies should be carried outon a
large scale in patients of ACS categorizing them in
different types of ACS and with at least three
months follow up for the evaluation of the extent of
adverse outcomes.
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Status of Serum Electrolytes among Malnourished Children
Presenting with Acute Diarrhea to the Emergency Department
of a Teaching Hospital

Hafiza Itrat Naseem, Muhammad Awais, Rizwan Mehmood, Sadia Alam, Usman Nasir,
Momna Riaz

ABSTRACT

Objective: To determine the frequency of hypokalemia and hyponatremia among malnourished children presenting with acute diarrhea to the
emergency department of a tertiary care hospital of Lahore.

Methodology: It was a cross-sectional study including 144 malnourished children presenting in the pediatrics emergency of Akhtar Saeed
Hospital from February to August 2019. Using aseptic techniques, 5 ml of blood sample of each patient was taken and sent to the pathology
laboratory for determination of serum potassium and sodium levels. The presence of hypokalemia and hyponatremia was noted in the proforma.
Confidentiality of the data was ensured. Serum potassium concentration of <3.5 mmol/L was taken as hypokalemia. Serum sodium
concentration of <135 mmol/L was taken as hyponatremia.

Results: The mean age of all cases was 35.84+14.36 months with minimum and maximum age between 6 to 60 months. There were 84(58.3%)
male and 60(41.7%) female cases. The mean serum sodium level was 134.8248.63 mmol/L and the mean serum potassium level was 3.20+1.33
mmol/L. According to operational definition, the frequency & percentage of hyponatremia and hypokalemia was 47(32.6%) and 86(59.7%),
respectively.

Conclusion: The current study concludes that serum electrolyte imbalances in malnourished children are significantly enhanced by an acute

episode of diarrhea.

Keywords: Acute diarrhea. Hypokalemia. Hyponatremia. Malnourishment.

INTRODUCTION

alnutrition is a major contributing factor in

high childhood mortality and morbidity

worldwide." Malnourished children are
more susceptible to other diseases like measles,
chickenpox, diarrhea.” The National Nutrition Survey
conducted by the United Nations Children's
Emergency Fund and Government of Pakistan, showed
a significant proportion of children suffering from
stunting and wasting in all age groups.’ Malnutrition
interacts with diarrhea in a bidirectional way.’ Severe
prolonged episodes of diarrhea cause malnutrition in
patients and on the other hand, malnourished children
are more likely to develop complications with diarrhea.
Many studies showed a detrimental effect of diarrhea in
malnourished children. Children suffering from
malnutrition already suffer from electrolyte
abnormalities which worsen during an acute episode of
diarrhea leading to life-threatening complications.
However, literature regarding electrolyte imbalance
has shown considerable variation in the frequency of
hyponatremia and hypokalemia.’ Studies have revealed
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that hyponatremia can be present in as low as 10.4% to
as high as 32.5% of the children with malnutrition
while hypokalemia can be present from 26.9% to
62.5% of the malnourished children suffering from an
acute episode of diarrhea.™ However, the majority of
these children remain unscreened for electrolyte
imbalance during routine emergency practices and they
are treated using a similar regimen as that of normal
children which prone them to further worsening of the
condition. Moreover, the variations in the frequency of
electrolyte imbalance reported in the existing literature
warrant further exploration according to our local
population.’

Hyponatremia is defined as a serum sodium level less
than 135 mmol/L. A serum sodium level less than 125
mmol/L is considered as severe hyponatremia.
Malnourished children excrete more sodium during
diarrhea and they have significantly low gut net sodium
balance and diminished total body sodium balance
causing hyponatremia.’

Severe and rapidly evolving hyponatremia may cause
generalized tonic-clonic seizures when sodium
concentration decreases to 115 mmol/L.> Age and
gender of the patient as well as other several factors
influence the clinical outcome of neurological
complications of hyponatremia. Many studies have
documented potassium deficiency in severely
malnourished children which rises to normal levels
after therapy.*’

The aim of this study was to determine the frequency of
hyponatremia and hypokalemia in malnourished
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children presenting with an episode of acute diarrhea in
an emergency of a teaching hospital. Educating the
clinicians regarding the electrolyte status of these
malnourished children suffering from diarrhea would
help in timely screening and management of the child
accordingly to decrease morbidity and mortality.

METHODOLOGY

It was a cross-sectional study including 144
malnourished children presented to the pediatrics
emergency of Akhtar Saeed Hospital from February to
August 2019. After approval by the institutional ethical
committee (Letter No. ASTH/10401099, 15-01-2019),
a total of 144 malnourished children presenting to the
Paediatrics Emergency of Akhtar Saeed Hospital,
Lahore were included in this study. A sample size of
144 cases was calculated with a 95% confidence level,
5% margin of error, and taking an expected percentage
of hyponatremia as 10.4%.” Malnourished children
aged between 6 months to 5 years of either gender who
presented with an episode of acute diarrhea were
included in this study. Children having weight less than
10" centile for age according to the Centers for Disease
Control and Prevention (CDC) growth chart for both
boys and girls were considered malnourished.

Children with congenital anomalies, known congenital
cardiac diseases, chronic diarrhea (diarrhea for more
than two weeks), and receiving diuretics treatment
were excluded from the study. An informed consent
was taken from their parents before enrolling in the
study. Information regarding their demographic data
was noted in the proforma. Using aseptic techniques, 5
ml blood was drawn and sent to the pathology
laboratory for determination of serum sodium and
potassium levels. The presence of hypokalemia and
hyponatremia was noted in the proforma.
Confidentiality of the data was ensured. Serum
potassium concentration of <3.5 mmol/L was taken as
hypokalemia. Serum sodium concentration of <135
mmol/L was taken as hyponatremia.

W Male
B Female

60
41.67%

84
58.33%

Figure 1: Gender Distribution of the Cases

STATISTICAL ANALYSIS

Data was analyzed using Statistical Package for the
Social Sciences (SPSS) version 22. Numerical
variables i.e. age, serum sodium, and serum potassium
were summarized as mean and standard deviation.
Qualitative variables like gender, presence of
hyponatremia, and hypokalemia were presented as
frequency and percentages. Data was stratified for age
and gender and a Chi-square test was applied for
stratification. A p-value <0.05 was taken as statistically
significant.

RESULTS
The mean age of all cases was 35.84+14.36 months
with minimum and maximum age between 6 to 60
months. The frequency of males and females is shown
in Figure 1. The mean serum sodium levels were
134.8248.63 mmol/L and the mean serum potassium
level was 3.20+1.33 mmol/L. According to operational
definition, the frequency of hyponatremia and
hypokalemia was 47(32.6%) and 86(59.7%),
respectively (Figure 2 & 3).
The frequency of hyponatremia was 22(46.8%) in the
age group of <3 years and 25(53.2%) in cases who were
>3 years old. The frequency of hyponatremia was
statistically the same in both age groups, p-value >0.05.
The frequency of hyponatremia was 27(57.4%) in male
cases and 20(42.6%) in female cases. The frequency of
hyponatremia was statistically the same in both
genders, p-value>0.05 (Table 1).
The frequency of hypokalemia was 29(33.7%) in the
age group of <3 years and 57(66.3%) in cases who were
>3 years old. The frequency of hypokalemia was
statistically higher in cases aged >3 years of age, p-
value <0.05. The frequency of hypokalemia was
51(59.3%) in male cases and 35(40.7%) in female
cases. The frequency of hypokalemia was statistically
the same in both genders, p-value >0.05 (Table 2).

W Yes
B No

47
32.64%
97
67.36%

Figure 2: Frequency Distribution of Hyponatremia
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Figure 3: Frequency Distribution of Hypokalemia

Table 1: Comparison of Hyponatremia According to Age Groups & Gender

. Hyponatremia
Demographlc Total p-value
Variables Yes No
Age <3 years 22(46.8%) 41(42.3%) 63(43.8%) 0.607
Groups >3 years 25(53.2%) 56(57.7%) 81(56.2%) '

Male 27(57.4%) 57(58.8%) 84(58.3%)

Gender 0.881
Female 20(42.6%) 40(41.2%) 60(41.7%)

Table 2: Comparison of Hypokalemia According to Age Groups & Gender

: Hypokalemia
Demographlc Total p-value
Variables Yes No
Age <3 years 29(33.7%) 34(58.6%) 63(43.8%) 0.003*
Groups >3 years 57(66.3%) 24(41.4%) 81(56.2%) '
Male 51(59.3%) 33(56.9%) 84(58.3%)
Gender 0.774
Female 35(40.7%) 25(43.1%) 60(41.7%)
*Significant p-value
DISCUSSION encephalopathy and seizures. If electrolyte imbalance

Diarrheal disease worldwide has a great impact on
mortality and morbidity in children of age less than 5
years.” diarrhea and malnutrition interact with each
other in a vicious cycle. By aggravating each other they
can cause serious clinical consequences.” Malnutrition
contributes to 35% of the deaths in under-five age
group children. Serum electrolytes disturbances are
commonly found in malnourished children.” While
diarrhea among severely malnourished children further
worsens the clinical condition by affecting serum
electrolytes thus causing hyponatremia (serum
sodium <130 mmol/L) and hypokalemia (serum
potassium <3.5 mmol/L). Moreover, these are
associated with other symptoms including

was not identified and properly managed, children may
develop neurological disorders."

In this study, the mean age of all cases was 35.84+14.36
months with minimum and maximum age between 5 to
60 months. There were 84(58.3%) male and 60(41.7%)
female cases. Similarly, another study showed males
(61.3%) are more predominantly affected by diarrhea
more than females (38.7%)."

According to operational definition, hyponatremia was
observed in 47(32.6%) patients and hypokalemia in
86(59.7%). Raza et al. also revealed hypokalemia as
most frequently reported (79.9%) in malnourished
children with diarrhea while hyponatremia was found
in 48.9%.” Hoque et al. explored whether malnourished
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children with diarrhea are more prone to electrolyte
disturbance as compared to children without diarrhea.
The results showed that both hyponatremia and
hypokalemia were more common in malnourished
children with diarrhea."

In this study mean serum potassium levels are 3.20(5.5-
1.20) mmol/L and mean sodium levels 134.8(110-144)
mmol/L. These serum electrolytes levels are
comparable with the findings illustrated by Mosav et al.
According to their results, in malnourished children
with diarrhea mean sodium level was 136.61£8.85
mmol/L and its range was 116-156 mmol/L. Serum
potassium was 4.2+0.64 mmol/L and it ranged from 3
to 6 mmol/L .’

Another cross-sectional study conducted at Military
Hospital, Rawalpindi, Pakistan, included 80 patients
presented with acute diarrhea. The age of the patients
was 6 months to 5 years. They found hyponatremia in
26(32.5%) patients and hypokalemia was observed in
44(55%) patients."

Moreover, the comparison of hyponatremia with age
and gender showed no significant association in our
study. Dastidar et al. explored electrolyte disturbances
with diarrhea and also found out that there is no
significant association of electrolytes abnormality with
age and gender.” Contrarily, the frequency of
hypokalemia was more in >3 year age group in our
study but no gender differences were observed.
Another study concluded that in malnourished children
of age less than 5 years, early management of
hypokalemia is essential to reduce complications of the
disease.”

Thus, the study has shown that hypokalemia is a
common electrolyte imbalance in malnourished
children with diarrhea. So, the use of interventions like
oral rehydration solution is required in these patients to
reduce morbidity and mortality from the acid-base and
electrolyte disturbances commonly seen with acute
diarrhea.""

CONCLUSION
The current study concludes that electrolyte
imbalances in malnourished children are significantly
enhanced by an acute episode of diarrhea. So, the
children under treatment must be screened for
electrolytes abnormality and promptly managed to
avoid serious clinical consequences.

LIMITATIONS
The sample size was small and the study was conducted
in a single institution so results cannot reflect findings
in a generalized population.
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