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Interesting facts about elbow joint: An insight 
into its clinical aspects 
A case-based discussion

Gross Anatomy of elbow joint:

FIG 1: A frontal and a sagittal section of the elbow 
are shown. 

In the left panel two bursae are seen. One, the 
olecranon bursa, is a subcutaneous structure. The 
other is a bursa placed deep to the distal triceps 
tendon. The synovial cavity is seen posteriorly at 
the olecranon fossa and anteriorly at the coronoid 
fossa. In both the synovial cavity is separated from 
the capsule by a fat pad. In the right panel the widely 
interconnecting humeroradial, humeroulnar and 
radioulnar portions of the elbow joint are shown.

The elbow is a simple joint which is plain synovial 
hinge variety between 3 bones, the humerus above 
and the ulna and radius below (Fig. 1). The main action 
of the humero-ulnar joint is flexion and extension of 
the elbow. The ulna is also adducted in supination 
and abducted in pronation. The humero-radial or 
capitulo-radial joint also participates in flexion and 
extension of the elbow. However, a glance at both 
ends of the forearm bones indicates that the radius is 
specialized to rotate around a fixed point proximally 
and with a greater arc of motion distally (Fig. 2 a 
&b). The size of their ends tells something about the 

function of ulna and radius. Ulna is thick proximally 
to provide stability to the elbow hinge while radius 
is thick distally to provide a stable ellipsoid joint to 
the wrist. All of the involved joints, the humero-
ulnar, the humero-radial, the proximal radioulnar 
and the distal radioulnar joints work in coordination 
to shorten(flex) and extend the upper limb and, at 
the same time, to supinate and pronate the forearm. 
The maximal congruency between the humerus and 
the ulna in extension is attained at an angle open to 
the side between 5° and 15° known as the “carrying 
angle of the elbow” because it prevents the elbow 
from kicking a weight carried on the side.

FIG 2: The distal radioulnar joint is shown.
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The articular disc is also known by clinicians as 
triangular cartilage. A synovial fold, or sacciform 
recess, is seen proximal to the articular surfaces. (b) 
An “on end” view of the distal radioulnar joint. The 
articular disc is attached to the ulnar styloid by its 
apex and by its base to the radius. The disc slides 
over the ulnar end during pronation and supination 
of the forearm.

We will take help of 4 clinical cases to discuss clinical 
anatomy of elbow joint 

Case 1. Tennis elbow
“A 67 year old man with pain in the lateral aspect of 
his right elbow; pain is increased by resisted wrist 
extension”.

Case 2. Golfers elbow
“A 53 year old woman with pain in her medial side 
of right elbow; pain is increased by resisted wrist 
flexion”

Tennis elbow or lateral epicondylitis is characterized 
by a triad of clinical findings: lateral elbow pain, 
epicondylar tenderness and pain upon resisted 
extension of the wrist. Golfer’s elbow or medial 
epicondylitis is a mirror image of tennis elbow: 
medial elbow pain, medial epicondylar tenderness 
and pain upon resisted flexion of the wrist. Therefore, 
these two cases bring us to the origin of 2 groups of 
forearm muscles, the wrist extensors and the wrist 
flexors. In addition to discussing these muscles, 
certain relevant aspects of the radial and ulnar nerves 
will be presented.

1. Wrist extensors:
Of the muscles that participate in wrist extension, 
extensor carpi radialis longus (ECRL) has an origin 
in the lateral lower humerus, and extensor carpi 
radialis brevis (ECRB) and extensor carpi ulnaris (ECU) 
originate in the lateral epicondyle. The insertion of 
these muscles is in the dorsal base of the metacarpals 
2, 3 and 5, respectively. The first two muscles, plus 
brachioradialis (BR) that has its origin in the lateral 
lower humerus and inserts in the radial styloid are 
called as the mobile wad (the mobile bundle) (Fig. 
3). How to identify each of them? With the elbow 

flexed 90° and the thumb pointing up any resisted 
elbow flexion makes BR stand out. Follow its edge 
proximally the lateral lower humerus is reached. If in 
the same position the forearm is pronated and the 
wrist dorsiflexed the belly of ECRL bulges between ECR 
and the lateral epicondyle. ECRB however, appears to 
sink in a tendinous structure that turns fleshy farther 
down in the forearm. The origin of ECRB is the site 
of pathology in tennis elbow. This tendon suffers a 
degenerative process characterized by immature 
fibroblasts, the appearance of nonfunctional vascular 
buds and the presence of disorganized collagen 
(“angiofibroblastic tendinosis”). Interdigitation 
between the origins of ECRB and that portion of 
ED that extends the 3rd digit explains Maudsley’s 
test, which is pain upon resisted extension of the 
3rd digit. There are several additional causes of 
lateral elbow pain (Table 1). An important differential 
diagnosis in refractory tennis elbow is a compressive 
neuropathy of the posterior interosseous nerve 
which is a deep terminal branch of the radial nerve. 
This condition typically features lateral elbow pain, 
pain in the first web space of the hand and weakness 
of the wrist and digital extensors. The nerve can be 
compressed anterior to the elbow joint or at the 
proximal edge of the superficial head of supinator (S) 
known as Frohse’s arcade (FA) which can be mapped 
in the extended arm using the anterior elbow crease 
as a reference point. Published data indicate that this 
crease is about 2.2cm proximal to the radiohumeral 
joint and this joint, about 3.4cm proximal to FA. Thus, 
in the extended arm FA is 5.6cm distal to the elbow 
crease, or 5cm distal to the lateral epicondyle as the 
medial 2/3 meet the lateral 1/3 of the forearm.

Table 1. Lateral elbow pain.

• Tennis elbow 
• Radial tunnel syndrome 
• Panner’s disease 
• Occult fracture 
• Radiohumeral joint disease (synovitis, 

osteoarthritis) 
• Injury to the lateral collateral ligament 
• Lateral synovial plica 
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Fig 3:The extensor muscles of the wrist.

BR=brachioradialis, ECRL=extensor carpi radialis 
longus, ECRB=extensor carpi radialis brevis. 
ECU=extensor carpi ulnaris. O=origin, I=insertion.

2. Wrist flexors:
Wrist flexors, including flexor carpi radialis 
(FCR), Palmaris longus (PL) – which is absent in 
approximately 10% of people – and flexor carpi 
ulnaris (FCU) run superficially in the ventral forearm 
(Fig. 4). Their origins are at, or close to, the medial 
humeral epicondyle. They insert at the base of 
the second metacarpal, the flexor retinaculum 
and palmar aponeurosis and the pisiform bone, 
respectively. These tendons can be made prominent 
in the distal forearm by resisted palmar flexion of the 
wrist. When PL is absent a hollow, underlied by flexor 
digitorum superficialis (FDS), appears ulnar to FCR. 
Pronator teres (PT) has two origins, the lower part 
of the medial supracondylar ridge and the medial 
epicondyle, and follows an oblique course in the 
upper ventral forearm (Fig. 4). The median nerve 
enters the forearm between the 2 heads of PT which 
is a well-known site for median nerve compression 
at the proximal forearm. Pronator teres inserts in the 
middle of the lateral surface of radius and its belly 
can be easily identified during pronation with the 
elbow at 90° flexion as a narrow triangular space 
that can be seen and/or felt having the biceps tendon 
(BT) at its base, radially the mobile wad and medially 

PT. Notice that during pronation the distal end of 
radius swings around the head of ulna while the 
ulna abducts. This brings us to anconeus (A), a small 
muscle with a narrow origin at the lateral epicondyle 
and a broad insertion at the proximal ulna. As can 
be determined by simple observation and palpation, 
A appears to be responsible for the abduction of 
the ulna. Two additional actions of A can be readily 
shown by palpation. Feel A with a fingertip while 
the elbow is being actively extended. A contraction 
to assist triceps in elbow extension. Also, if the 
examiner’s thumb is placed on P and the index on 
A, a synchronous contraction occurs during active 
pronation. A last point that is of great theoretical 
interest is the following: Percussion with the narrow 
end of a reflex hammer on the distal lateral head of 
triceps contracts fibres in anconeus that appear to be 
in continuity with the lateral triceps fibres.

Fig 4: The flexor muscles of the wrist.

FCR=flexor carpi radialis, PL=Palmaris longus, and 
FCU=flexor carpi ulnaris. PT=Pronator teres is not a 
wrist flexor but partially shares their origins.

Biceps brachii (BB) and brachialis (B) are 2 muscles 
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that cross the elbow anteriorly and are widely 
considered elbow flexors (fig 5). The biceps tendon, 
that joins the long and the short bicipital heads, is 
a narrow tendon that inserts in the posterior part 
of the radial tuberosity. Since the radius may rotate 
upon its longitudinal axis at the radicapitular joint, 
a medial pull will cause supination. However, on 
a supinated forearm BB acts as an elbow flexor. 
Another insertion of BB is fascial. The bicipital 
aponeurosis, also known as lacertus fibrosus, arises 
from BB just above the elbow crease and follows a 
medial and slightly anterior course where it merges 
with the fibrous forearm fascia. If one remembers 
its course the proximal bicipital aponeurosis can be 
readily palpated as a strong, thin, clearly demarcated 
edge. Deep to BB is B. Brachialis has its origin in the 
distal 2/3 of the front of the humerus and inserts in 
the tuberosity of ulna. Thus, B is a pure elbow flexor.

Fig 5: Brachialis inserts in the ulna and is a pure 
elbow flexor. 

Biceps brachii inserts in the medial tubercle of radius 
and as such is a forearm supinator and a flexor of 
the elbow joint. The bicipital aponeurosis, known by 
clinicians as lacertus fibrosus, is an insertion of biceps 
brachii in the antebrachial fascia.

Table 2 lists several causes of medial elbow pain 
that should be considered in the differential 
diagnosis of golfer’s elbow. A very important one 
is an ulnar neuropathy. The ulnar nerve descends 
through the medial aspect of the arm anterior to 
the intermuscular septum. At 8-12cm from the 
epicondyle it changes to the back of the septum 
passing through the canal of Struthers. At 3.5cm from 

the epicondyle the ulnar nerve already lies in a sulcus 
between the medial epicondyle and the olecranon. 
At this site the nerve is exposed and can be subject 
to trauma and compression. Finally, the nerve enters 
the cubital tunnel as it runs under the aponeurosis 
of FCU. The roof of this tunnel is a thickened portion 
of the retinaculum known as the arcuate ligament 
(Osborne constriction band), a fibrous band between 
the humeral and ulnar heads of FCU. The base of 
the tunnel includes the joint capsule, the medial 
collateral ligament and the olecranon process. The 
arcuate ligament gets taught in elbow flexion and 
relax in extension. The cubital tunnel is the most 
frequent entrapment site of the ulnar nerve and ulnar 
neuropathy at the elbow is only second to carpal 
tunnel syndrome as the most frequent compression 
neuropathy of the upper extremity. The clinical 
features of ulnar neuropathy at the elbow include 
elbow pain, numbness or tingling in the distribution 
of the nerve, nocturnal awakening and worsening of 
symptoms with elbow flexion. Motor symptoms of 
ulnar neuropathy at the elbow are less common and 
include loss of dexterity and weakness of intrinsic 
hand muscles.21 Ulnar-innervated intrinsic muscles 
include all dorsal and ventral interossei, the third and 
fourth lumbricals, all hypothenar eminence muscles, 
adductor pollicis and the deep head of flexor pollicis 
brevis.3 In long standing ulnar neuropathies the hand 
adopts a clawed position.

Table 2. Medial Elbow pain.
• Golfer’s elbow 
• A floating ulnar nerve 
• Occult fracture 
• Ulnohumeral joint disease (arthritis, 

osteoarthritis) 
• Damage to the medial collateral ligament 

Case  3. Olecranon bursitis
“A 67 year-old man has an unsightly swelling at the 
tip of his right elbow”

This case brings us to the anatomy of the back side 
of the elbow. At this site the skin, from being smooth 
and elastic in young people, becomes loose and 
wrinkly and furrows in the shape of an inverted U 
proximal to the olecranon process appear in old age. 
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Since we learn so much on the elbows it is surprising 
how infrequent skin tears are at this site. Protection 
against shear damage is afforded by two gliding 
mechanisms, the subcutaneous olecranon bursa and 
an abundance of areolar tissue. The olecranon bursa 
is a subcutaneous sac sparsely lined by synovial cells. 
No detectable fluid is present in the normal state. 
Different from deep bursae and diarthrodial joints, 
subcutaneous bursae cavitate during childhood and 
their size increases over time. The olecranon bursa 
lies between the skin and a firm base that includes the 
triceps (T) tendon, the back of the olecranon process 
and A. In bursal effusions internal pressures in the 
olecranon bursa increase with elbow flexion but not 
in extension. In contrast, in elbow joint effusions 
pressures are low in mid flexion and increase with 
further flexion and extension of the joint. Because the 
olecranon bursa lies so close to the skin, and because 
such a firm base supports it, common pathologies 
include traumatic bursitis from repetitive direct 
trauma and septic bursitis from infection caused 
by skin bacteria. Gout and rheumatoid arthritis 
are additional, well-known causes of olecranon 
bursitis. The olecranon process lies in the olecranon 
fossa in elbow extension. The synovial sac around 
this process, also with the shape of an inverted U, 
is a good site for elbow injection and aspiration. The 
ulnar side of the olecranon process must be avoided 
in these procedures because the ulnar nerve runs 
between this process and the medial epicondyle. 
As mentioned, there are two extensor muscles that 
attach to the olecranon process, triceps brachii (T) 
and A. T is a large, powerful muscle that comprises 
the entire posterior arm. It has two humeral heads, 
the lateral and the medial that flank the radial nerve 
as it descends down the spiral groove in the posterior 
humerus and one long head that attaches to the 
scapular infraglenoid tubercle. These three heads 
converge into a common tendon that inserts into the 
posterior surface of the olecranon, and by way of a 
fibrous expansion to the superficial fascia of anconeus 
and the deep fascia of the forearm. Anconeus covers 
the posterior portion of the annular ligament, the 
radial head and the proximal ulna.
A distended olecranon bursa is often painless unless 
there is an associated acute inflammatory process. 
In such cases, the bursa may rupture and dissect 

the surrounding subcutaneous tissue in the arm and 
forearm; a recurrent oedematous swelling of the 
forearms has also been described presumably due to 
chronic leakage. 

Patient 4. Elbow injection, lateral approach
“A 34 year-old woman with rheumatoid arthritis 
has progressive monoarticular activity and flexor 
contracture in her left elbow”.

Few experienced rheumatologists would argue 
against using intraarticular steroids in a scenario 
such as the one presented. Focusing on the clinical 
anatomy of the radio-humeral joint we use this case 
to review the lateral approach to an intra-articular 
elbow injection. The elbow is comprised of three 
different joints that share a single synovial cavity: the 
humero-radial, the humero-ulnar and the proximal 
radio-ulnar joints. The joint that concern us in this 
case is the humero-radial between the humeral 
capitulum and the head of the radius. This joint, in 
conjunction with the distal radioulnar joint, provides 
for pronation and supination.

It is preferable for blind injections of the elbow, a 
lateral approach: with the elbow flexed at 90° resting 
on a firm surface small pronation and supination 
movements allow to distinguish the unmoving lateral 
epicondyle and the rotating head of radius. This cleft 
is marked. An insulin needle is then vertically inserted 
through a front of anesthesia. Free flow of the 
anesthetic solution at a depth of 7-10mm indicates 
an intraarticular placement of the needle (Fig. 6).

Fig 6: Infiltration of the elbow from its radial side. 
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With the arm resting on a surface the needle is 
inserted vertically between the proximal end of 

radius and the lateral epicondyle.
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How to read a paper: Basic concepts 
in statistics for health professionals – 
Part 1

- Dr. Shruti Prabhu
Email: dr.shrutiprabhu@gmail.com

Statistics is one of the complex topics included in the 
subject Preventive and Social Medicine – one that 
we study in final year at medical school. Statistics is 
amusing. It is one of those interesting examples in 
which the use or misuse of mathematical methods 
tends to induce a strong emotional reaction in non-
mathematical minds1. This is because statisticians 
apply, to problems in which we are interested, a 
technique which we may not understand. However 
with huge emphasis on “Evidence-based Medicine” 
in the modern practice of medicine and healthcare, it 
has become prudent for any healthcare professional 
to refer to scientific journals and thus, understand 
basic concepts in statistics to keep up breast with 
recent updates in one’s field. Information on some 
important and commonly used statistical terms helps 
us to read and interpret medical papers better. We 
intend to discuss this topic in a series of articles. 
In this article, we take a brief overview of what is 
evidence based medicine, literature search or review 
and different types of study designs.

Evidence Based Medicine:
Evidence based medicine is not just reading papers. 
It is an “approach to patient care that ensures our 
rationale is not only clear but also up to date and 
based on the best available evidence2.” “Evidence 
Based Practice is the integration of best research 
evidence with clinical expertise and patient values3.” 

Over the past 10 years, evidence-based medicine has 
influenced literally thousands of clinical and policy 
decisions about most aspects of healthcare, such as 
tests, treatments, risk factors, screening programs, 
and other forms of disease management.

Figure 1: Evidence Based Practice

Evidence-based medicine has been particularly 
useful, for addressing questions that do not have 
intuitive answers, or those for which our impressions 
can actually cause more harm than good. The list 
of medical procedures that everyone, at the time, 
felt to be beneficial, but which later proved to be 
either ineffective or harmful, is long. Thalidomide 
for pregnant women and internal mammary artery 
ligation for reducing ischemic heart disease are 
notorious examples, but plenty of others abound. 
By providing the data that are difficult to intuit, 
evidence-based medicine has helped to stem 
theoretically logical but potentially harmful decisions. 
For example, evidence-based medicine helped 
clinicians to realize the value of steroids for reducing 
respiratory distress in premature babies, despite 
our long-held and understandable intuition, from 
centuries of puerperal fever or sepsis, that steroids 
might be harmful in this context.
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Figure 2: Thalidomide tragedy: Seal limbs – kids 
affected in utero due to Thalidomide intake by 

mothers during pregnancy.

The example of the use of Thalidomide drug for 
managing morning sickness in pregnant women and 
its disastrous consequences is a striking one that the 
world will remember for generations to come. This 
drug was widely marketed by a reputed company, 
prescribed and used as over-the-counter medication 
in the western world even before the final phase-IV 
trials of this medication were underway. Evidence 
based approach can help avert such tragedies in 
future.

Need to familiarise with on-going “information 
revolution”?
It is no longer acceptable to say ‘this is how I’ve 
always done this’ and to carry on with an out-
dated practice in the light of new evidence. Even 
while sitting in our consultation clinics or OPDs, 
when medical representatives from different 
pharmaceutical companies brief us about their latest 
‘products’, a fair knowledge about evidence based 
medicine or research concepts can help us make 
rational decisions, whether to accept or not the new 
information we are being bombarded with. Some 
basic understanding of this topic will help us seek 
information from the Internet in less tedious ways 
and from reliable sources.

Literature search: Where to look for information?
Well, the easiest and probably the most convenient 
way to look for information on the Internet would be 
to Google the relevant keywords and voila! – a galaxy 
of information is spread on to the numerous search 
result pages. But at times there could be misleading 
information or information from not very reliable 
sources. It is our natural tendency to look up only a 
couple of the first search pages and it is more likely 
for information from random sources to be displayed 
therein. 

• Google Scholar

A search engine from Google but looks up only at 
scientific articles. The Google Scholar index includes 
most peer-reviewed online journals of Europe and 
America’s largest scholarly publishers, plus books 
and other non-peer reviewed journals.

• Journal websites
Most of us have a fair idea about the good quality 
journals related to one’s field/speciality. A good 
way to start looking for information would be to 
browse through the journal’s website and search for 
the relevant keywords in its search box. E.g.: New 
England Journal of Medicine, American Journal of 
Epidemiology, Indian Journal of Pediatrics.

• Pubmed4

Figure 3: Pubmed website
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This is often the first stop for seeking scientific articles 
from diverse sources. PubMed comprises more than 
24 million citations for biomedical literature from 
MEDLINE, life science journals, and online books. 
Citations may include links to full-text content from 
PubMed Central and publisher web sites.

It is a free search engine accessing primarily the 
MEDLINE database of references and abstracts on 
life sciences and biomedical topics. The United States 
National Library of Medicine (NLM) at the National 
Institutes of Health maintains the database. It 
provides quality control in scientific publishing. Only 
journals that meet PubMed’s scientific standards are 
indexed.

The website has tutorials on how to use the website 
and search for literature pertinent to one’s interests. 

Following is the link of how to access free full text 
articles or run a search using PubMed: 
h t t p : / / w w w . n c b i . n l m . n i h . g o v / b o o k s /
NBK3827/#pubmedhelp.PubMed_Quick_Start

• Cochrane reviews
It is a database of systematic reviews and meta-
analyses, which summarize and interpret the 
results of medical research. The Cochrane Reviews 
Library aims to make the results of well-conducted 
controlled trials readily available and is a key resource 
in evidence-based medicine.

Figure 4: Cochrane reviews website

Types of study designs

Figure 5: Hierarchy of evidence for assessing the 
quality of study designs.

As you move up the pyramid the study designs are 
more rigorous and allow for less bias or systematic 
error that may distract you from the truth.

1. Case series and Case reports:  A case report 
describes the medical history of a single patient 
in the form of a story. A case series consists of 
collections of reports on the treatment of individual 
patients. Because they are reports of cases and use 
no control groups to compare outcomes, they have 
little statistical validity. However a great deal of 
information that would be lost in a clinical trial or 
survey can be conveyed in a case report.

Example: A previously healthy patient develops 
spontaneous bacterial peritonitis – an unusual 
problem that the average doctor might see once in 
10 years. The clinical team looking after the patient, 
search the literature for research evidence and 
develop what they believe is an evidence-based 
management plan. The patient recovers well. The 
team decide to write this story up as a lesson for 
other clinicians – a so-called evidence-based case 
report.

2. Case control studies: These are studies in which 
patients who already have a specific disease or 
condition are identified and matched or compared 
with ‘controls’ - people who do not have the 
condition. Data is then collected (e.g. by searching 
back through these people’s medical records or by 
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asking them to recall their own history) to identify 
factors or exposures that might be associated 
with the illness.  These studies are generally 
concerned with the etiology of a disease rather 
than its treatment. They are often less reliable than 
randomized controlled trials and cohort studies 
because showing a statistical relationship does not 
mean than one factor necessarily caused the other. It 
cannot demonstrate causality – the association of A 
with B in a case control study does not prove that A 
has caused B. However, this design is usually the only 
option when studying rare conditions. 

Example: Does the prone sleeping position increase 
the risk of SIDS sudden infant death syndrome?     - 
Do overhead power cables cause leukaemia?

3. Cohort studies: Cohort studies identify a group 
of patients who are already taking a particular 
treatment or have an exposure (such as a vaccine, 
surgical procedure or an environmental toxin), 
follow them forward over time, and then compare 
their outcomes with a similar group that has not 
been affected by the treatment or exposure being 
studied. Note that most cohort studies are begun on 
people with exposure or risk factors and not with the 
disease in question. The follow-up period in cohort 
studies is generally measured in years, sometimes 
in decades, because that is how long many diseases, 
especially cancer, take to develop. Cohort studies 
are observational and not as reliable as randomized 
controlled studies, since the two groups may differ in 
ways other than in the variable under study.

Example:  The world’s most famous cohort study 
demonstrating causal link between smoking and 
lung cancer, whose authors all won knighthoods, was 
undertaken by Sir Austen Bradford Hill, Sir Richard 
Doll and Sir Richard Peto. They followed 40,000 male 
British doctors divided into 4 cohorts (non-smokers, 
light, moderate and heavy smokers) and studied the 
mortality outcome in these groups. Publication of 
their 10-year interim results in 1964 5, which showed 
a substantial excess in both lung cancer mortality 
and all-cause mortality (any death) in smokers, with 
a dose-response relationship - illustrated both the 
perils of smoking and the strength of evidence that 

can be obtained from a properly conducted cohort 
study.

Retrospective cohort (or historical cohort) follows the 
same direction of inquiry as a cohort study.  Subjects 
begin with the presence or absence of an exposure 
or risk factor and are followed until the outcome of 
interest is observed.  However, this study design uses 
information that has been collected in the past and 
kept in files or databases.  Patients are identified for 
exposure or non-exposures and the data is followed 
forward to an effect or outcome of interest.

4. Randomized controlled clinical trials (RCTs): RCTs 
are often said to be the gold standard in medical 
research. These are carefully planned experiments 
that introduce a treatment or exposure to study its 
effect on real patients. They include methodologies 
that reduce the potential for bias (randomization 
and blinding) and that allow for comparison between 
intervention groups and control (no intervention) 
groups.  A randomized controlled trial is a planned 
experiment and can provide sound evidence of cause 
and effect.

In an RCT, participants in the trial are randomly 
allocated by a process equivalent to the flip of a coin 
to either one intervention (such as a drug treatment) 
or another (placebo or best current therapy). Both 
groups are followed up for a pre-specified time period 
and analysed in terms of specific outcomes defined 
at the outset of the study (e.g. death, heart attack, 
serum cholesterol levels). Because on an average the 
groups are identical apart from the intervention, any 
differences in outcome are, in theory, attributable to 
the intervention.

Example:  - Is a new surgical procedure better than the 
currently favoured practice? Will changing from a diet 
high in saturated fats to one high in polyunsaturated 
fats significantly affect serum cholesterol levels? 

5. Systematic Reviews: These focus on a clinical topic 
and answer a specific question. An extensive literature 
search is conducted to identify studies with sound 
methodology. The studies are reviewed, assessed for 
quality, and the results summarized according to the 
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predetermined criteria of the review question. 

6. Meta-analysis will thoroughly examine a number of 
valid studies on a topic and mathematically combine 
the results using accepted statistical methodology to 
report the results as if it were one large study.  

7. Cross-sectional studies describe the relationship 
between diseases and other factors at one point in 
time in a defined population. Cross sectional studies 
lack any information on timing of exposure and 
outcome relationships and include only prevalent 
cases.  They are often used for comparing diagnostic 
tests.  Studies that show the efficacy of a diagnostic 
test are also called prospective, blind comparison to 
a gold standard study. This is a controlled trial that 
looks at patients with varying degrees of an illness and 
administers both diagnostic tests — the test under 
investigation and the “gold standard” test — to all of 
the patients in the study group. The sensitivity and 
specificity of the new test are compared to that of 
the gold standard to determine potential usefulness.

8. Qualitative Research answers a wide variety of 
questions related to human responses to actual or 

potential health problems. The purpose of qualitative 
research is to describe, explore and explain the 
health-related phenomena being studied.

This is an overview of the type of study designs 
depending on the nature of the research question. 
Familiarising with these concepts can help us 
understand sampling techniques and the statistical 
measures for the same, which we shall consider in 
the next issue.
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Burden of  cervical cancer:
Cervical cancer, a preventable  disease,  is the fourth  
most common cancer  in women worldwide with 
more than 85% of the cases occurring in low-to-
medium-resource countries1. Cervical cancer is the 
second  most common cancer in women in India. 
Age adjusted incidence rate in India varies  from 
6.8 per 100,000 women in Kollam, Kerala with high 
women’s  literacy  levels  to 24.3 per 100,000 women 
population in Aizwal.2

Almost  nine out of  ten (87%) of cervical cancer 
deaths  occur in less developed  countries.  The lack of 
effective screening and treatment programs in these 
countries is the main cause of this health inequity. If 
current trends continue, by the year 2050 there will 
be more than one million new cases annually.1 

Decline in cervical cancer incidence and mortality in 
high-income countries is largely credited to annual 
organised  cytology based  screening programs.3,4

Need for an appropriate  screening  tool  for cervical 
cancer screening:
Though  cervical cancer prevention efforts worldwide  
a decade ago were  entirely focused on cytology 
screening, only  countries with high resources  were  
implementing    organised  cytology based programs  
which  resulted in a decline in cervical cancer deaths 
in these countries over the past 50 years.  However 
most developing countries lack the infrastructure and 
trained personnel needed for that sort of technician-
dependent, multi-visit testing approach.5

Population based cervical cancer screening programs 
though  agreed in policy   are non  existent at the 

primary care settings in our country. Logistic, technical 
manpower and financial resource constraint has been  
the  major challenges  in organizing cytology based 
cervical cancer  screening program in the country. 
Several  research studies and  demonstration projects  
had been undertaken  to demonstrate  the feasibility 
of resource appropriate and  affordable  screening 
test  to provide evidence to the policy  makers  for  
wider application in population based screening 
programs in India. However  beyond  these  limited  
model  projects   and opportunistic hospital based 
screening services  that takes place  for  women 
who present themselves for symptoms related to 
the reproductive tract in  public and private health  
facilities, there are no population based  organized 
cervical cancers screening  programs through public 
health  care systems  for routine  screening of cervical 
cancers among asymptomatic women.

The difficulties and resource constraints in introducing 
cervical cytology screening programs and the sub-
optimal performance of Pap smear screening in less 
developed countries have encouraged the evaluation 
of visual inspection with 3–5% acetic acid (VIA) as an 
alternative screening method. A consensus on cervical 
cancer screening was  developed in collaboration with 
WHO in 2006 for  screening by  VIA to be adopted 
at national level as part of the organized population 
based cervical cancer screening program.6

Studies have shown that the most efficient and 
effective strategy for secondary prevention of 
cervical cancer in low-resource settings is to screen 
using either by HPV DNA testing or VIA as primary 
screening test, then to treat precancerous lesions 
using cryotherapy (freezing affected tissue on the 
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cervix), as appropriate, and to refer women needing 
more complex care.7-10

Need for biomarkers:
VIA is a low-cost procedure which can be administered 
by trained primary care  worker in remotest primary  
health care setting , however high false positivity rate  
due to  low specificity of the test  needs referrals  
to higher centres  for further investigation and 
treatment.7,8

The role of HPV DNA testing as a solitary primary 
screening test  (to replace cytology) or as an adjunct 
to cytological screening  has  also been evaluated in 
large randomized trials over the past decade.11,12 
Results show overwhelming evidence that HPV DNA 
testing has a higher sensitivity in comparison with 
cytology for detection of cervical intraepithelial 
lesions (CIN) lesions. The primary benefit of using 
HPV testing is the high sensitivity and high negative 
predictive value, since the absence of carcinogenic 
HPV indicates an extremely low risk of CIN3 and 
Invasive cervical carcinoma(ICC)  for 5–10 years, 
thereby allowing for safe prolonging of screening 
intervals. Yet its utility is constrained by its limitation 
of lower specificity than cytology, since the majority 
of HPV infections are transient and would not 
progress to cervical dysplasia.13,14

Since most HPV infections are not associated with 
risk for developing invasive carcinoma, it therefore  
becomes necessary to identify the women who are 
at risk of progression of disease and overtreatment of 
non-progressive lesions can be prevented. The goal 
of cervical cancer screening is not to miss cervical 
precancers , while keeping the load of unnecessary 
referrals due to false positivity low. Improved methods 
for the accurate identification of both the presence 
and severity of cervical intraepithelial neoplasia and 
extent of spread of invasive carcinomas of the cervix 
are needed.

Considering the limitation of VIA and HPV based 
approaches in the above aspect, the focus of cervical 
cancer prevention research has now focused on  
development and validation of new disease-specific 
biomarkers of HPV-associated transformation. In 

both developed and developing countries, cervical 
cancer screening would benefit from a dichotomous 
test based on a disease-specific biomarker that can 
indicate the presence of precancerous lesions that 
have a high risk of progressing to cancer.15

Recently therefore novel biomarkers have been 
evaluated and have shown promising results in 
discriminating between High grade  lesions with high 
risk of progression from those lesions that are less  
likely to progress.

Established Biomarkers:
Four main lines of research were being followed to 
identify appropriate markers, namely:

(a) Detection/ measurement of E6 and E7 HPV mRNA 
transcripts.

(b) Alterations of the methylation pattern of several 
genes.

(c) Alterations of viral (e.g., viral integration) and host 
(e.g., chromosomal gains and losses) genomes.

(d) Detection of cellular proteins that are 
overexpressed by HPV-infected cells, e.g., the 
p16ink4A gene product.16

Although biomarkers within categories of (b) and (c) 
does show demonstrable proof of concepts, however 
experimental work has occurred in academic 
laboratories only on small numbers of samples. 
Very few studies have reported their performance 
compared with validated HPV DNA tests. This article 
will therefore describe two biomarkers in the category 
of (a) and (d), for which standardized, commercial 
assays are available and which have been the most 
interrogated in clinical studies, thus far, namely, 
detection of oncogenic mRNA transcripts (a) and the 
detection of a protein (d), p16, which is produced in 
response to their deregulated expression.17

Figure below depicts the progression of cervical 
disease to subsequent  stages  of cervical dysplasia  
leading to the development of  cervical cancer from 
HPV infection to invasive cervical cancer and p16 
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staining patterns associated with the  respective 
disease stages.17

Figure sourced from Kate Cuschieri and Nicolas 
Wentzensen. Human Papillomavirus mRNA and p16 
Detection as Biomarkers for the Improved Diagnosis 
of Cervical Neoplasia. Cancer Epidemiol Biomarkers 

Prev 2008.

Biomarker :  E6/E7 mRNA
High risk HPV ( hr HPV) infections are rather common 
in a screened population and most are transient. 
It is widely accepted that for HPV to cause cancer, 
persistent infection and a cellular environment, which 
allow for high level expression of viral oncogenes 
E6 and E7 (initially in the basal cell layer and then 
throughout the epithelium), are necessary.18

The prevailing consensus is that upregulated 
expression of E6/E7 is necessary for the initiation 
and progression of cervical neoplasia. Detection 
of HPV oncogene activity through the detection of 
mRNA transcripts may therefore be a better indicator 
of HPV infection associated with increased risk of 
progression to neoplasia than detection of HPV DNA. 
A higher specificity in a triage setting may reduce 
the number of women that would be subjected to 
unnecessary and expensive diagnostic follow-up.19-21

mRNA are viral proteins that can be measured in 
the cervical cell scrapping. The identification of type 
specific hrHPV E6/E7 RNA transcripts can be done 
by performing Real-time RT-PCR. The progression 
of transient to transforming HPV infection is seen in 
by strong increase in the levels of HPV E6/E7 mRNA 
.Currently two commercial HPV mRNA assays are 

available— PreTect HPV Proofer (Norchip) and the 
APTIMA HPV Assay (GenProbe). The former is a 
qualitative assay based on a NASBA RNA amplification 
(of full-length E6/E7 transcript) and detects five 
hrHPV types 16,18, 31, 33, and 45. The APTIMA 
assay was launched in Europe in May 2008, is also 
qualitative, and relies on aggregate detection of 14 
hrHPV types.22

In an  evidence synthesis report compiled  for E6/
E7 mRNA HPV testing, sensitivities ranged from 
0.41 to 0.86 and from 0.90 to 0.95 for the PreTect 
HPV-Proofer/Easy Q and APTIMA assay, respectively. 
Specificities ranged from 0.63 to 0.97 and from 0.42 
to 0.61 for the PreTect HPV-Proofer/Easy Q and 
APTIMA assay, respectively.22

Considering that the progression to cervical 
malignancy requires the overexpression of the E6 
and E7 genes of the integrated hrHPV genome, 
demonstration in cervical samples of hrHPV E6/E7 
transcripts might be more specific than hrHPV-DNA 
testing alone for the detection of CIN2+ lesions. 

Biomarker : P16INK4a

P16 is a cylcin dependant kinase inhibitor which is 
over expressed in the cancerous or precancerous 
cells. It is a cellular biomarker that can be measured 
through immunocytochemical staining of histology 
and cytology slides and using ELISA assays.23

p16 is a cellular correlate of the increased expression 
of oncogenic E6/E7 mRNA.  In most cervical 
carcinomas, the functional inactivation of pRb by 
HPV E7 results in the overexpression of p16INK4a and 
the accumulation of the protein in cells. p16INK4a is 
thus a surrogate marker of HPV E7-mediated pRb 
catabolism, providing evidence of transformation of 
the cervical mucosa.24,25

Another advantage of  the expression of p16INK4a is, 
it is  independent of the HPV type, and therefore, 
genotyping does not need to be performed to detect 
different hrHPV types in DNA and RNA assays.17 The 
commonly used marketed test for evaluation of p16 
in tissues are CINtec and CINtec PLUS. For cytology 
based immunostaining test kits like Thinprep, 
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Surepath, CYTO-screen are available in the market.26

Many Immunohistochemistry (IHC) studies have 
demonstrated that p16INK4a protein is highly 
overexpressed in dysplastic epithelial cells of the 
uterine cervix and that it is associated with hrHPV 
infection.  Studies have  reported that the proportion 
of cervical smears overexpressing p16INK4a increased 
with the severity of cytological abnormality. Thus, 
overexpression of p16INK4a appears to correlate 
with the degree of cervical dysplasia-neoplasia, 
which may improve the histological diagnosis and 
hence the management of cervical lesions.27

The meta-analysis  on  the correlation between p16 
immunoreactive samples and the  grade of intra-
epithelial abnormality, on cytological or histological 
specimens from the uterine cervix, reported that  the 
pooled average proportion of p16-positive smears 
increased with the severity of cytological abnormality. 
Among normal smears, only 12% (95% CI: 7– 17%) 
were positive for the biomarker compared to 45% of  
Atypical cells of undetermined significance (ASCUS) 
(95% CI: 35– 54%), 45% of Low grade squamous 
intraepithelial lesions (LSIL) (95% CI: 37 –57%) and 
89% of High grade squamous intraepithelial lesions 
(HSIL) (95% CI: 84– 95%) smears. Similarly, in 
histology, on an average only 2% of normal biopsies 
(95% CI: 0.4–30%) and 38% of CIN1 (95% CI: 23–53%) 
showed diffuse staining for p16 compared to 68% of 
CIN2 (95% CI: 44– 92%) and 82% of CIN3 (95% CI: 72 
– 92%).28

It is important to emphasize that the primary value 
of p16INK4a and other cervical cancer biomarkers 
is to improve test specificity rather than sensitivity 
relative to HPV testing.29

Some studies have also determined that a combination 
of the detection of hrHPV with p16INK4a results in 
a greater degree of diagnostic accuracy, as well as 
being able to provide more detailed information 
about the risk of the malignant transformation of 
squamous epithelial cervical lesions than the mere 
detection of hrHPV.30

Sometimes under normal physiological conditions 
P16 is expressed by cell undergoing ageing, 
metaplasia or genomic stress. The difference of 
overexpression p16 due to normal physiological 
conditions and due to HPV infection can be made out 
in immunostaining. The distinctly different staining 
pattern in physiological condition is faintly positive 
and is in focal pattern whereas the high levels of p16 
in high grade HPV induced cervical lesions stains more 
uniformly distinguishing it from the physiological 
conditions.15,17 

Biomarker: Ki-67
As the infected HPV cells are actively proliferating 
there also is an increase in Ki-67 levels which  has 
been demonstrated in many studies to be a reliable 
indicator of the growth fraction of a tumor. Ki-67 is a 
proliferation marker that is confined to the parabasal 
cell layer of normal stratified squamous mucosa 
but shows expression in the stratified squamous 
epithelium in CIN lesions in correlation with the 
extent of disordered maturation.29

p16INK4/Ki67 dual stain:
Ki-67  can complement the findings of p16 biomarker. 
It can be applied to tissue as well as cytology. Owing 
to the proven accuracy of p16INK4a and Ki-67 in the 
triage screening of cervical cancer, several studies 
carried out assessments to find out whether the two 
junction markers (p16/ki67) can achieve a greater 
degree of accuracy in the screening of cervical cancer. 
In addition, a commercial kit (the CINtecPLUS Test) is 
already being evaluated in several studies. Some of 
these that have assessed the diagnostic value of the 
CINtec PLUS Test for p16/Ki67, combine biomarker,  
can potentially become a useful triage method 
following HPV infection. Recent studies have shown 
that p16INK4a positive low grade lesion have a higher 
risk of progression than p16 negative lesions.31

The p16INK4/Ki67 dual stain was also tested in a 
very large prospective clinical trial performed in 
five countries across Europe, which enrolled 27,456 
women in a screening setting. Results obtained 
with conventional cytology, HPV (Hybrid Capture 2), 
and p16INK4a/Ki67 dual stained cytology provided 
a high sensitivity for the detection of underlying 
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CIN2+ in women with ASCUS or LSIL Pap cytology 
results, comparable to the rates previously reported 
for HPV testing and p16 single-stain cytology while 
maintaining an high specificity.32

. 
The main advantage of using p16 is that it allows 
to be analysed as a single marker, while the other 
markers like HPV DNA  or  mRNA based assays will 
always need to target  HPV  oncogenic types. The 
histology application of p16 has shown excellent 
results in improving the reproducibility of cervical 
precancerous histological diagnosis.

Conclusion:
In the context of resource-constrained settings 
organized population based cytology screening are 
not sustainable which lead to research on screening 
tools which were  operationally simple and less 
resource-intensive like   VIA and  low cost  HPV  DNA  
detection methods for cancer prevention and control. 
Cervical cancer prevention is now at a transition from 
cytology-based screening programs to HPV-based 
screening programs in High Resource countries 
and VIA based screening programs in Low resource 
settings. New biomarkers may have potential use 
as triage tests in settings with primary screening by 
VIA, HPV DNA or cytology based screening programs.  
Novel biomarkers that reflect measurement of an 
advanced disease process, such as overexpression 
of p16ink4a or HPV E6 protein detection will be 
important to  decide  treatment for those women 
who are at risk of developing cancer, rather than 
treating any lesion. Prospective biomarkers thus may 
play an important role in these therapy decisions.
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Sudden Cardiac death in the young- I

- Dr. Atul S Prabhu
Email: atuldr@hotmail.com

Email: atul.prabhu@health.nsw.gov.au
Abstract:
Sudden death in children though relatively 
uncommon, is mostly due to cardiac arrhythmias and 
preventable. There could be significantly disturbing 
effects on involved families and subsequently the 
community, and hence needs early detection and 
appropriate management.

Studies show that some unexplained sudden death in 
children are a result of inherited cardiac conditions, 
which can be detected by ECG screening, stress tests, 
Holter monitoring and confirmed by genotyping.

In the unfortunate cases, post-mortem genetic testing 
along with investigation of family members can help 
to determine a cause and identifying potentially at-
risk relatives.

Introduction:
Sudden death in children and adolescents though 
far less frequent than in adults is an important 
cause of childhood mortality especially in the 
developing world. Recent advances in the diagnosis, 
identification, and treatment of children at known 
or suspected risk for sudden cardiac death are 
described.

Sudden death estimates for the general population 
range from 50 to 60 per 100 000 annually. Individuals 
who survive the first year of life do not experience 
such a high risk of sudden death until age 35–45 
for men and 45–55 for women [1]. The Center for 
Disease Control and Prevention has estimated that 
every year in the United States, approximately 2000 
patients younger than 25 years will die of SCA.[2] 
Other older reports estimate the frequency of SCA in 

children and adolescents to be between 0.8 and 6.2 
per 100000 per year.[3]

Arnestad et al. studied genes in long QT syndrome 
(LQTS), short QT syndrome (SQTS), and Brugada 
syndrome (BrS) in a cohort of 201 Norwegian 
SIDS cases [4]. In 19 known pathogenic mutations 
were identified. Other genes, including ryanodine 
receptor- prot 2 (RYR2), the major catecholaminergic 
polymorphic ventricular tachycardia (CPVT) gene, as 
well as less common LQTS or BrS genes have been 
identified. Interestingly, SCN5A has been found to be 
the the single most commonly affected gene in SIDS. 

The proportion of young SCD victims beyond 1 year of 
life with cardiac channelopathies is even higher than 
the infant sudden death group. Clinical evaluation of 
family members and/or survivors of sudden death/
aborted sudden death along with genetic testing 
yields a cause of death in 22–53% of families.

Cardiac Disorders Predisposing to Paediatric and 
Young Adult Sudden cardiac death: 

Structural/functional
1. Hypertrophic cardiomyopathy 
2. Coronary artery anomalies 
3. Aortic rupture/Marfan syndrome
4.Dilated cardiomyopathy or restrictive 
cardiomyopathy
5. Myocarditis
6. Left ventricular outflow tract obstruction
7. Mitral valve prolapse 
8. Coronary artery atherosclerotic disease 9. 
Arrhythmogenic right ventricular cardiomyopathy
10. Postoperative congenital heart disease Electrical 
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11. LQTS
12. Wolff-Parkinson-White syndrome
13. Brugada syndromea 
14. Catecholaminergic polymorphic ventricular 
tachycardia 
15. Short QT syndrome
16. Complete heart block 
Other
17. Drugs and stimulants; some prescription 
medications 
18. Primary pulmonary hypertension 
19. Commotio cordis

Symptoms:
Patients with structural-functional or primary 
electrical disorders may show these warning signs 
or symptoms of dizziness, chest pain, syncope, 
palpitations, or dyspnoea and a family history 
of premature, unexpected sudden death may 
be misinterpreted or disregarded by both family 
members and medical personnel. 

In most cases, the immediate cause of SCA is a lethal 
ventricular tachyarrhythmia (ventricular fibrillation 
[VF] or pulseless ventricular tachycardia) . However, in 
some of these arrhythmias (e.g., torsades de pointes, 
the characteristic tachyarrhythmia associated with 
LQTS) may be short lived and self-terminating, 
causing episodes of syncope/presyncope or episodes 
of seizure-like activity. These neurologic signs and 
symptoms may inadvertently lead to referral to a 
neurologist thus misdirecting the patient away from 
cardiac evaluation and delaying correct diagnosis 
and treatment.

Important conditions leading to fatal Arrhythmia:
1. Brugada syndrome: Brugada syndrome (BrS) 
is characterized by a typical electrocardiographic 
pattern of ST segment elevation in leads V1–
V3.1 Patients with BrS are at increased risk of 
sudden cardiac death (SCD) as a result of very fast 
polymorphic ventricular tachyarrhythmia (PVT)/ 
ventricular fibrillation (VF). Both repolarization and 
depolarization abnormalities, especially in the RVOT, 
constitute the hallmark of BrS.

Fig 1: Typical ECG of Brugada type 1 pattern: 
extreme left axis deviation, Brugada sign in 

precordial leads V1-V3

Fig 2: Brugada Type 2 pattern in the right precordial 
leads (V1 and V2)- saddleback appearance, followed 

by positive or biphasic T wave.

Fig 3: Type 3 Brugada pattern - ST segment has 
saddleback or coved appearance,

2.  Long QT syndrome: Congenital long QT syndrome 
(LQTS) is a rare, but potentially lethal sporadic 
hereditary channelopaty or electrical disease, 
caused by mutations in the genes regulating cardiac 
potassium or sodium currents. The disease is 
characterized by an inconstant prolonged QT interval 
in the surface electrocardiogram (ECG) and increased 
predisposition to a typical polymorphic ventricular 
tachycardia (PVT), termed Torsade de Pointes (TdP).
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Fig 4 and 5 Appearance of prolonged qT interval 
on baseline ECG followed by Typical Torsades de 

Pointes- run of polymorphic VT commonly seen with 
long QT syndrome.

3. Arrhythmogenic right ventricular dysplasia 
(ARVC/D): ARVD /ARVC is a cardiomyopathy that 
predominantly affects the right side of the heart and 
causes ventricular arrhythmias. It is characterized by 
the progressive replacement of myocardial cells by fat 
and fibrous tissue. In normal, young patients, there 
is usually positive T polarity in V1. In symptomatic 
patient carriers of ARVD, the ECG generally shows 
T wave inversion in V1 and V2, which may reach up 
to V6. Epsilon wave is found in about 33% of those 
with ARVC/D. This is described as a terminal notch in 
the QRS complex. It is due to slowed intraventricular 
conduction.

Fig 6. EPSILON wave could be the result of 
delayed activation in the RV. It is visible from V1 
to V3 . T wave inversion is observed in V1 to V3, 

characteristic of ARVD

4. Catecholaminergic polymorphic ventricular 
tachycardia: Catecholaminergic polymorphic 
ventricular tachycardia  (CPVT) is a rare, clinically and 
genetically heterogeneous disease characterized by 
exercise, adrenergic stress induced or adrenergically-
mediated ventricular tachyarryhtmias, with recurrent 
syncope of uncertain aetiology after physical and 
emotional stress or SCD, usually in the paediatric or 
juvenile age group.

ECG features: Ventricular arrhythmias elicited 
exclusively by exercise or adrenergic stress. Typically, 
they are induced by isoproterenol infusion. PVT 
occurs during physical exercise or emotional stress. 
Most cases are nonsustained (72%), but 21% are 
sustained and 7% are associated with VF. Bidirectional 
VT is a more typical feature. Its characteristics are:

• Regular VT.
• Complete RBBB pattern.
• Sudden change of QRS morphology by change of 

QRS axis from beat to beat.

Fig 7.  Alternans QRS complexes are observed 
with alternating right and left bundle branch block 

morphology.

Further evaluation, management and precautions 
in Sudden cardiac death will be covered in the next 
issue.
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Human Papilloma Virus HPV) vaccines: Introduction

Two prophylactic HPV vaccine-like-particle (VLP) 
vaccines, Gardasil R (Merck & Co NJ USA), a 
quadrivalent vaccine containing VLPs of types 
6,11,16 &18, and Cervarix R (GlaxoSmithKline 
Biologicals, Belgium), a bivalent vaccine containing 
VLPs of types 16 & 18 are approved and have been 
licensed in over 100 countries since 2006. These 
have subsequently been introduced into national 
immunization programs in at least 58 countries 
with variable uptake. A vaccine targeting HPV 16/18 
potentially prevents the majority of invasive cervical 
(66.2%) annually.  [1]

Bivalent, quadrivalent and nanovalent Vaccine 
containing HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 
58 all are presently given prophylactically via three 
doses in a “prime-prime-boost” schedule (0, 2 and 6) 
over a 6-month period.  [1]

http://www.cdc.gov/cancer/hpv/statistics/cases.
htm

The multicentre vaccine trials for the bivalent and 
quadrivalent vaccines included more than 20000 
women aged 15–26 years from more than ten 
countries in four continents.

Two main trials of the Quadrivalent vaccine:   FUTURE 
I and FUTURE II trials.

Two main trials for the Bivalent vaccine: PATRICIA 
and the Costa Rica vaccine trial.

The primary endpoint in the phase III trials, and the 

basis for licensure in females for both vaccines, was      
demonstrating a decrease in the Incident HPV 16- and 
18-related CIN2/3 or AIS (CIN2+).   These endpoints 
served as a surrogate marker for cervical cancer. [2,3]  

Mechanisms of vaccine-induced protection:
The current assumption is that HPV virus-like 
particle (VLP) vaccines protect via antibody. 
Systemic immunization with L1 VLPs generates 
antibody concentrations 1–4 folds  higher than in a 
natural infection, possibly because of high antigen 
concentration and delivery route that grants access 
to lymph nodes and spleen. [4]

Vaccine efficacy: 
Both bivalent and quadrivalent vaccines 
demonstrated remarkably high and similar efficacy 
and are able to prevent up to 90–100% of new HPV 
16 and 18 infections and associated high grade CIN. 
[2,3]

Quadrivalent vaccine also demonstrated strong 
protection against Genital Warts and vulvar/vaginal 
neoplasia associated with the vaccine types. Cervarix 
R protected against vaccine-targeted anal infections 
in women in an end of study evaluation. The vaccines 
had no therapeutic effects against established 
infection or CIN. [4]

Duration of protection:
For the prediction of the long-term duration of 
immunity, immunogenicity data is most crucial. High 
and sustained immunogenicity levels 9.4 years post-
vaccination for bivalent vaccine were observed for 
each type in the vaccine. Immunogenicity for 9 years 
post-vaccination was also observed in the quadivalent 
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vaccine.  All vaccinees remained seropositive to HPV-
16/18, with antibody titers remaining several folds 
above natural infection levels. There were no safety 
concerns.  [5,6,7]  
Thus protection against Infection & cervical pre 
cancers associated with HPV16/18 has been 
demonstrated for at least 9 years for both vaccines.  
The need for a booster dose will have to be assessed 
once more long-term data on efficacy against cervical 
cancer becomes available. [1]

Vaccine safety: 
Safety evaluations are important and communication 
about vaccine safety is critical. Events temporally 
associated with vaccination can be falsely attributed 
to vaccination.

• Pre-licensure safety: Pre-licensure safety 
evaluations conducted found no differences  
between vaccine and control groups for  any  
Serious adverse events, New onset autoimmune 
and chronic diseases or  Deaths between vaccine 
and control groups. [8,9]

• Post-licensure safety: WHO’s Global Advisory 
Committee on Vaccine Safety  (GACVS Report ) 
has reviewed data on HPV vaccine three times,  
for recent  >175 million doses till March, 2014 for 
Post-licensure Safety evaluation.    These reviews 
continue to confirm the safety of HPV vaccines. 
No increase in risk of autoimmune diseases, 
including Multiple Sclerosis, was observed among 
HPV vaccine recipients  compared to those who 
have not received the vaccine. [10]

Cross protection against other HPV types:
Partial cross-protection against phylogenetically 
related non-vaccine HPV types were also observed 
in both the vaccines.  Bivalent vaccine  showed 
protection for high grade  cervical precancer or 
worse lesions  for following other HPV vaccine types 
viz.  HPV 31 (88%),HPV  33 (68%) , HPV  45( 82%), HPV 
51 ( 54%)     reported in the HPV naive cohort.  [11]               
However  protection  for high grade  cervical 
precancer or worse lesions  was observed  for only 
HPV 31 (70% )   and  not for any other HPV type  for 
the quadrivalent vaccine.  [12]

Impact of fewer than three doses:
Costs and infrastructure complexities associated 
with a three-dose HPV vaccine programme had 
prompted further studies to test efficacy and 
immunogenicity of one and two-dose schedules of 
the HPV-16/18 vaccine.   Study findings of  one and   
two-dose schedules of the HPV-16/18  have now 
demonstrated  immunological non-inferiority and  
protection  against cervical HPV-16/18 infections, 
similar to the protection provided by the three-dose 
schedule.[13,14] HPV 16 antibody concentrations 
remained  24 times higher in the two-dose vaccine 
group  and 9 times higher in the one-dose vaccine 
group compared with  natural infection.   Antibody 
concentrations after one dose remained stable over 
4 years. [1,15,16]

Two doses given 6 months apart also provided partial 
protection against HPV-31/33/45, similar to that 
reported for 3 doses. [17,18]  WHO position paper on 
HPV vaccines , 2014  now recommends the use of a 
two-dose schedule of either vaccine for girls younger 
than 15 years. [18]   All the above finding have 
strong ramifications  on aiding  plans for national 
introductions in LMICs.

Nanovalent vaccine:
Nanovalent vaccine containing HPV types 6, 11, 16, 
18, 31, 33, 45, 52, and 58, a prophylactic vaccine 
approved by the Food and Drug Administration 
(FDA) for use in females aged 9 through 26 years and 
males aged 9 through 15 years in December 2014. In 
February 2015, Advisory Committee on Immunization 
Practices (ACIP) recommended 9-valent human 
papillomavirus (HPV) vaccine (9vHPV) (Gardasil 9, 
Merck and Co., Inc.) as one of three HPV vaccines 
that can be used for routine vaccination.[19]

Nanovalent vaccine was tested for efficacy analyzing 
more than 14000 women aged 16–26 years have  
shown  non-inferior immunogenicity of the immune 
response to HPV 6, 11, 16, and 18 compared with the 
quadrivalent vaccine.  Efficacy against a composite 
endpoint of HPV 31, 33, 45, 52, and 58 high-grade 
cervical, vulvar, and vaginal lesions was 96·7% (95% 
CI 80·9–99·8).   Concomitant use with other vaccines 
was safe with no impact on Immunogenicity. [20]
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The bivalent, quadrivalent and nanovalent vaccines 
all protect against HPV 16 and 18, types that cause 
about 66% of cervical cancers, 9vHPV targets five 
additional cancer causing types, which account for 
about 15% of cervical cancers. [21] 

Co-administration of hpv with other vaccines:
Co-administration of HPV with other vaccines is 
another measure that can simplify vaccine delivery 
logistics for the already overstrained health care 
delivery operations in LMICs.

Systematic review of safety and immunogenicity of 
HPV vaccines co-administered with other vaccines 
included meningococcal conjugate, hepatitis A, 
hepatitis B, combined hepatitis A and B, tetanus, 
diphtheria, pertussis, and inactivated poliovirus 
vaccines and have shown Non-inferiority of immune 
response and an acceptable safety profile.  Co-
administration with vaccines that are routinely given 
to adolescents and those that have demonstrated 
safety and non inferior immune response will not only 
facilitate vaccine delivery but also help reduce the 
number of clinic visits to achieve optimal coverage. 
[22]

Conclusions:
The clinical trial results so far strongly support 
the potential of the vaccines for public health 
implementation to reduce the cervical cancer burden. 
[4] WHO recommends routine HPV vaccination 
under national immunization programmes provided, 
vaccine introduction is programmatically feasible, 
sustainable financing can be secured and the cost-
effectiveness of vaccination strategies in the country 
or region is considered. [1]

Majority uptake for HPV vaccination in public health 
programs is primarily in high-resource countries 
which shares the least burden of cervical cancer. 
Introduction of HPV  vaccines  in LMIC  shares the 
same concerns as in the implementation of  cervix 
cancer screening  programs  in terms of the financial  
and logistic requirements  along with concerns  for  
participation of the targeted age group for adequate 
vaccine coverage to  achieve  the desirable  lifetime 
reductions in cervical cancer risks.  HPV vaccine 

coverage of 70% was predicted to yield 40-50% mean 
reduction in the lifetime risk of cancer. [4]

Prohibitively  high cost of the current  vaccines,  logistics 
for  vaccine storage,  transport, administration of  
injectable temperature-sensitive  vaccine,  validation 
of appropriate platforms for vaccine delivery currently  
preclude  the introduction of the HPV vaccines in 
Low Middle Income Countries (LMIC). Cost effective 
vaccine along with operationally feasible vaccine 
delivery logistics and strategies will help the LMICs 
with the highest burden of cervical cancer incidence 
and mortality to implement organized population-
based HPV vaccination programs in the countries 
where it is most needed.
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