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FOREWORD  
ChiEF OF MEDiCal CORps

On the occasion of the 50th Anniversary of the Singapore Armed Forces (SAF) Medical Corps, this 
monograph brings together a compilation of reflections on the development and practice of military 
medicine in the SAF. Embedded within are also the aspirations that we hold for the future of the Medical 

Corps. It is our pleasure to re-print, “Military Medicine Through The Ages”, an original article published in the 
1993 Pointer issue. Written by then COL(DR) Lim Meng Kin, he chronicled the development of military medicine 
from 3000 BC to 1991, highlighting tenets of military medicine that remain relevant even today.

Military medicine in the SAF has transformed by leaps and bounds over the last two decades.  
Frontline combat medics in the SAF are now better trained and equipped; new field surgical concepts and modern 
equipment have been introduced and new ambulance platforms have been designed for our requirements, so 
as to optimise casualty survivability in the field. In the Airforce, the 3rd Generation Aviation Physiology Training 
programme has enhanced crew safety and performance significantly. For the Navy, the medical submarine 
rescue capabilities on board MV Swift Rescue and the Rapidly Deployable Maritime Container system have been 
the cornerstone advancements for undersea and surface medicine. 

The delivery of quality peacetime healthcare remains the “bread and butter” for the Medical Corps. We 
have benchmarked ourselves to national healthcare institutions and also established strategic partnerships to 
improve healthcare services, to ensure that our servicemen and women receive the best quality of care when 
serving the SAF.

When the clarion call is sounded for the Medical Corps to provide medical support for overseas operations, 
humanitarian assistance and disaster relief missions or local large scale events, there has never been a lack of 
volunteers. Over the past 50 years, we are proud to have participated in more than 50 such operations.

As we step into the future, the operating landscape will bring new challenges. But, the future also presents 
new opportunities for military medicine in the SAF. We will need to keep pace with medical technological 
advancements, exploit the potential of bioinformatics, tap on unmanned technology for medical purposes, 
capitalise on genomics based medicine for enhanced medical screening and seek greater synergism with the 
national healthcare system. 

Amidst the promise of exciting changes and developments that lie ahead, the Medical Corps will remain 
guided by our motto – Seek Excellence, Save Lives and Serve the SAF. Our motto defines our purpose and our 
mission. This is what differentiates our men and women from those who practise their craft in the national 
healthcare system. This is what makes us the SAF Medical Corps.  

I hope you will enjoy reading this monograph.

RaDM(DR) Tang Kong Choong
Chief of Medical Corps
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MILITARY MEDICINE THROUGH THE AGES
By BG(RET)(DR)Lim Meng Kin

ABSTRACT

The article sheds light on the plight of war casualties, both the wounded and diseased, in times of 
unsettling conflict and details the rise and fall of military medical systems which were set in place to 
resolve them. While the question of whether man or microbe had been a more threatening enemy 
to the military, an examination of historical records and statistics will reveal that the greatest 
threat on the battlefield is actually microscopic. However, efficient systems should be set in place 
for evacuation and the treatment of wounds as these factors are of paramount importance in 
determining the outcome of a war. From the dismantling of elaborate medical structures following 
the fall of the Holy Roman Empire, to the establishment of the first School of Nursing by Florence 
Nightingale, readers are given a thorough insight of the development of military medicine through 
the ages.

He who would become a surgeon should 

join an army and follow it

- Hippocrates1  

(460-377 BC)

Military medicine has its roots in antiquity. 
Evidence of war surgery in ancient Egypt is 
afforded by mural paintings and bas-reliefs 
found in the temples of Kranak and Luxor.2 
The Edwin Smith papyrus which dates back 
to 3000 BC, contains detailed descriptions 
of the treatment of commonly encountered 
war wounds such as the following concerning  
head injury: 

Instructions concerning a gaping wound in 
his head, penetrating to the bone: “Thou 
should lay thy hand upon it and palpate 
the wound. If thou should find his skull 
not have a perforation in it, thou should 

say regarding him—an ailment I will treat. 

Thou should bind fresh meat upon it the 
first day: thou should apply for him two 
strips of linen, and that afterward with 
grease, honey and lint every day until he 
recovers.

Instructions concerning a gaping wound in 
his head, smashing his skull: “Thou should 
palpate the wound. Should thou find that 
smash in his skull deep and sunken under 
thy fingers, and he discharges blood from 
both nostrils and ears, and he suffers 
from stiffness in the neck, thou should 
say concerning him—an ailment not to be 
treated. He should rest and be kept at his 
mooring stake.”3

Hippocrates himself, the father of medicine, 
almost certainly derived his surgical skills from 
the battlefield. In fact, war was the only school 
of surgery in his day because the Athenians, in 
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their idealism to ‘make gentle the life of the 
world’ had decreed that bearing of arms by 
civilians was not consistent with civilisation.4 
Professional soldiering, of course, was 
something else—hence Hippocrates’ advice to 
follow the army to perfect one’s surgical skills.

The treatment of war wounds also received 
mention in the Chinese classics. An interesting 
account is given of the legendary physician Hua 
T’o treating an arm wound of General Kuan 
Yu of the Three Kingdoms’ fame, by cutting 
his flesh and scraping the bone. As the proper 
attitude toward pain was to bear it without 
any sign of emotion, much was made of the 
insouciance of the general who played chess 
while the surgeon operated.5 

No less military-minded was India’s Susruta 
(4 BC) whose medical treatise includes a chapter 
on advice to the physician accompanying the 
army on the march. According to Susruta, 
he should be fully equipped with a supply of 

Engraving of Hippocrates by Peter Paul Rubens, 1638.
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medicine, making sure he is situated forward 
‘so that those wounded may find him.’ 
The doctor’s preventive role in sniffing out 
environmental hazards is also mentioned:

A common practice of the enemy is to 
poison the wells on the roadside, the 
articles of food, the shades of trees, and 
the fuel and forage for cattle; hence it is 
incumbent on a physician marching with 
the troops to inspect, examine and purify 
these before using any of them, in case 
they are poisoned.6 

But concerning field hygiene, none 
matched the Old Testament Jews whose wars 
were governed by regulations as binding 
as the Mosaic code. Detailed instructions 
pertaining to the prevention of the spread of 
communicable diseases were spelt out, right 
down to the nitty-gritty of sanitary waste 
disposal:

Designate a place outside the camp 
where you can go to relieve yourself. As 
part of your equipment have something 
to dig with, and when you relieve yourself, 
dig a hole and cover up your excrement.7 

Another not-so-recent idea is health and 
fitness promotion. The fitness of the ancient 
Greek armies was ‘founded upon daily exercise 
from earliest youth to ripe manhood, under 
the supervision of experienced and practised 
leaders.’8 Healthy diets and gymnastics were 
prescribed for the prevention of bodily ills  
and as an auxiliary in the treatment of general 
or organic disorders.9 

But when healthy and fit young men are 
thrown into battle, many would inevitably 
become casualties. Xenophon, the general who 
led the epic retreat of the Ten Thousand Greeks 
(415-400 BC), noted that casualties were a 
costly drain on fighting strength: ‘There were 
many unfit for action—namely the wounded, 
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those carrying the wounded, and those who 
bore the arms of such carriers.’10  The wounded 
were usually carried on the backs of comrades. 
On one occasion, Xenophon publicly scoured 
a bearer for trying to bury a wounded man to 
get rid of his burden.

The motivation for care 
of the wounded was not 
solely humanitarian. The 

Romans recognised it as a 
military necessity.

‘Roman’ medicine was largely imported 
from Greece, but the significant Roman 
contribution was undoubtedly the organisation 
of military medical support. At about 100 
BC, as the Romans began to structure the 
6000-man legion, the military medical 
system became part of this structure. At 
legion headquarters was an office-doctor, 
variously titled as Medicus Legionis or Medicus 
Militarus.11 Under him, for initial medical care 
at the 500-man cohort level, was a Medicus 
Ordinarius, a non-commissioned medical 
officer. Still under him, at the century level  
of 60 to 100 men, were the Capsarri, or 
wound dressers. Unarmed sanitary personnel 
called Deputati followed the fighting columns 
at a distance of 200 feet in order to bring 
the severely injured out of danger during an 
engagement. The saddles of their horses had 
two ladder-stirrups on the left side and flasks 
of water were carried to revive the faint. The 
bearers received a piece of gold for every 
wounded soldier rescued.

As time went on, an extensive military 
hospital system – the Valetudinaria – was built, 
one per legion. The standard floor plan had 60 
wards or one per cohort, with special rooms 
for surgery and the storage of drugs. Thus we 
see in the Roman model, a foreshadowing of 
the modern concept of echeloned medical 
care along an evacuation chain. 

The motivation for care of the wounded 
was not solely humanitarian. The Romans 
recognised it as a military necessity. The Tactics 
of Emperor Leo (886-912 AD), a classic treatise 
on military science written in the Byzantium 
period, contains an impressive passage on the 
absolute necessity of medical personnel to 
armies and ends with the following charge to 
the commanding general:

Give all the care you possibly can to  
your wounded, for if you neglect them, 
you will make your soldiers timorous 
and cowardly before a battle, and, not 
only that, but your personnel whom you 
might preserve and retain by proper 
consideration for their health and welfare, 
will be otherwise lost to you through your 
own negligence.12 

The dismantling of the Holy Roman Empire 
after Charlemagne’s death in 814 AD, coupled 
with the advance of feudalism in Europe, led 
to the splintering of large armies and with that, 
their elaborate medical structures as well. 
During the Middle Ages, medicine, along with 
scientific inquiry, sank to low levels, remaining 
there for several centuries. As scholars of 
the church picked over the bones of classical 
antiquity and argued over religious dogma, 
many well developed medical procedures, 
mainly Hellenistic in origin, were lost. Prayers, 
unctions and laying of hands were the order of 
the day. Pharmacology regressed to a simplified 
herbalism practised in monasteries.13 

The pharmacopeias of the day consisted 
mainly of ingredients compounded from the 
parts of different animals. Field medical chests 
of the period included oils of vipers and angle-
worms, beetles, ear-wigs, powdered mummies, 
etc.14  Perhaps the only positive development 
in this age of Faith was that the Crusades  
(1096-1272) gave rise to religious orders such 
as the Knights Hospitaller and the Teutonic 
Knights, which did valiant work in the Holy 
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Land and upon returning home, would later 
exert great influence upon the establishment 
of hospitals in Europe.15 

As opposing armies 
marched and counter-

marched all over Europe, 
the epidemics spread, 

killing countless thousands 
of civilians as well. It was 
a sober reminder that the 
larger struggle for earthly 
existence was with lower 

forms of life.
In keeping with the medieval spirit of the 

age, the few capable physicians and surgeons 
of the day were attached to great personages 
such as kings, popes, nobles and other feudal 
overlords. They faithfully accompanied their 
masters of military campaigns and were 
richly rewarded for their services. Medical 
attendance thus became the privilege of 
leaders, not combatants. According to Keegan:

Men of high rank were brought off the 
field by their squires, and treated rapidly 
by their own surgeons. The overwhelming 
majority of wounded were likely to lie 
where they had fallen for hours or even 
days, at the mercy or their wounds, 
the weather and, not least, the sinister 
swarm of pillagers who descended upon 
battlefields… stealing money, jewellery 
and clothing, silencing a wounded man’s 

pleas or protests with a knife thrust.16 

Nothing whatsoever was done for the 
health and well-being of the individual soldier, 
who was left in the hands of ‘wandering 
incisors, barber-surgeons and quacks of 

outcast status.’17 As late as the sixteenth 
century, Montluc declared that the best 
thing that could happen to a fighting man in 
battle was to be “killed outright by a good 
arqebusade.”18 

It was against this backdrop that Ambroise 
Pare, a barber-surgeon serving with the  
French Army, distinguished himself. In 1536, 
Pare had witnessed an old sergeant cutting 
the throats of three helpless, wounded men 
‘gently and without malice’ to put them out 
of misery.19 The episode affected him as 
profoundly as the boiling oil and red hot irons 
liberally applied to wounds up till then. Pare 
introduced gentler, more humane and more 
effective treatment methods for gunshot 
wounds and amputation of limbs which were 
revolutionary for his time. He pioneered the 
use of ligature (tying up of the artery following 
amputation) and a multitude of ingenious 
innovations, including artificial eyes, arms and 
legs, and even implanted teeth. He published 
papers which are classic works, marking a new 
era in the history of surgery. Pare is today,  
with justification, revered as the father of 
modern surgery. He is also remembered for 
his humble line: Je le pansait; Dieu le guarit  
(“I dressed him; God healed him”).20 

Amidst the unsettling conditions of the 
16th century (and the early stirrings of the 
Renaissance), another major front opened. 
Smallpox, measles, typhus, yellow fever, 
diphtheria, whooping cough and influenza 
erupted with a vengeance, in epidemic 
form.21 Typhus and smallpox, in particular, 
became the principal scourges of army 
camps and wherever large concentration of 
troops gathered.

As opposing armies marched and counter-
marched all over Europe, the epidemics 
spread, killing countless thousands of civilians 
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as well. It was a sober reminder that the larger 
struggle for earthly existence was with lower 
forms of life.

It was hard to tell which was more lethal—
man or microbe. Apparently, few accounts 
were taken. Reliable records of battlefield 
losses during the 16th and 17th centuries are 
scarce, contrasting with the Greek and Roman 
historians of earlier periods from whom we 
have firm statistics of battle losses.22  The 
Roman practice of numbering the troops 
before and after a battle, coupled with the 
recruiting of armies by the census, provided 
a check against the numbers purportedly 
engaged and lost.23 

The impact of disease on military outcomes 
should not be underestimated. According to 
Plutarch, Mark Anthony’s army in 35 BC lost 
more than half of its force through disease – “a 
proportion not unusual in the ancient world.”24  
The army of Alexander the Great suffered 

similar ravages of disease and privation.25  
Typhus, typhoid, dysentery and pneumonia, in 
combination with the wintry cold, decimated 
Napoleon’s Grande Armee during his ill-fated 
invasion of Russia in 1812.26  Indeed, analyses 
of statistics compiled for the whole of the 18th 
and 19th Centuries show that on average, at 
least four soldiers perished from disease 
for every one killed by enemy action.27  
Historians are generally in agreement that 
in the entire history of armed conflict, far 
greater numbers have been brought down 
by the minute carriers of disease rather than 
perished by the sword.

Even seemingly innocuous conditions 
like scabies, the ‘tormenting itch’ caused by 
tiny mites burrowing into the skin, although 
not fatal, can incapacitate whole regiments. 
During the Seven Years’ War (1756-63), half 
of the armies of Frederick the Great were 
thus affected  –  “Hardly anybody escaped, 
neither officer, nor physician, nor surgeon”. 

Wood engraving of Ambroise Paré, on the battlefield using a ligature for the artery of an amputated leg of a soldier,  
by C. Maurand.
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And, during Napoleon’s Italian campaign 
(1796-97), scabies sufferers could be counted 
by the hundred thousands. According to one 
eyewitness, “Whole regiments of soldiers, the 
moment they were encamped for the night, 
threw off their knapsacks and scratched en 
masse. The officers suffered no less than the 
soldiers; their commander-in-chief was no 
exception, scratching himself with a vengeance 
until blood appeared.”28 

The wars of the 19th century, such as the 
Napoleonic wars, the Crimean War and the 
American Civil War, produced several famous 
personalities who left lasting impressions on 
military medicine.

Napoleon’s chief surgeon, Larrey, was 
said to have performed no less than 200 
amputations (speed was of the essence in 
an era of limited anaesthesia) during a 24-
hour period in the Russian campaign. He also 
wrote vivid descriptions of trench foot, scurvy 

and contagious eye infections. But he is best 
remembered for creating his famous ‘flying 
ambulances’ i.e., horse-drawn wagons fitted 
with removable stretchers – in effect, re-
introducing organised casualty evacuation and 
treatment while the battle was on, a practice 
that had been lost since Roman times. Each 
division sent forward was accompanied by 
a troop of ambulance personnel headed by 
a surgeon. These men and their equipment 
boosted morale tremendously. Larrey himself 
was present in no fewer than 60 battles and 
was wounded at least three times.29 

The ambulance concept was further 
developed during the American Civil War by 
Letterman, Medical Director of the Army of 
the Potomac.30 He had been so appalled by 
the misery caused by fleeing stretcher bearers 
and unruly ambulance drivers during the 
initial conflicts that he took steps to ensure 
that future ambulance staff were better 
trained and organised. He also introduced 

Florence Nightingale (middle) in 1886 with her graduating class of nurses from St Thomas’ outside Claydon House, 
Buckinghamshire.
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the concept of triage, i.e., the sorting of 
casualties by severity, at medical clearing 
stations close to the battle line, from whence 
casualties would be evacuated rearwards 
to receive echeloned medical care. It was 
a simple principle which was eventually 
adopted by all armies of the world.

But, perhaps no other practical advance 
has brought greater comfort to millions of 
sick and injured in the world than the nursing 
profession founded by Florence Nightingale.  
In 1854, she witnessed the shocking conditions 
in the military hospital at Scutari where 
the British war-wounded were kept. She 
imposed her ideas of nursing care on those in  
authority and on her return from the Crimea, 
established the first School of Nursing in  
the world. She was also responsible for  
many later innovations which made military 
barracks safer and more sanitary.31 

A few years later, another great 
humanitarian movement was born. In 1859, 
Swiss banker Henri Dunant visited the scene 
of the Battle of Solferino shortly after the 
fighting had ceased and witnessed the carnage 
and gross neglect of the wounded. The sight 
of tens of thousands of wounded soldiers still 
lying unattended on the ground so moved 
him, that he persuaded the victorious French 
commanders to free the captured Austrian 
military surgeons to care for the injured of all 
three nations, i.e. France, Italy and Austria. 
Tuti fratelli (all brothers), he kept repeating 
when local civilians resisted helping the 
enemy wounded. He later wrote a book called  
Un souvenir de Solferino in which he described 
the scenes he had witnessed. The revelations 
so shocked the civilised world that the 
International Red Cross, mainly through  
Swiss initiative, came into being five years 
later. At Geneva, 16 signatories agreed to 
abide by humanitarian principles such as 

treating the war-wounded regardless of 
nationality and giving protection to medical 
personnel and hospitals.32 

The First World War saw the massive 
application of modern medicine—widespread 
immunisation, ritual delousing, motorised 
ambulances, management of shock, surgery 
under modern anaesthesia, prevention and 
treatment of chemical warfare casualties, the 
identification of ‘shell-shock’ as a psychiatric 
disorder, and so on. Traditional threats like 
typhus, plague and cholera had been rendered 
controllable. But, wound infection was 
rampant and this led to vigorous developments 
in antisepsis and antisera. The introduction of 
the aeroplane and the submarine as weapons 
of war also surfaced new medical problems 
and gave impetus to the development of 
aviation and underwater medicine. When the 
‘Great War’ ended, the world was by no means 
at peace. Nationalistic revolutions threatened 
to re-ignite Europe and large tracts of Asia 
were still left in disorder. Preparedness was 
the watchword, following the realisation that 
“to steal away a nation’s sword is the surest 
enemy of peace.”33 But, in terms of overall 
medical preparedness, the world, in the 
words of Taylor, had “not yet attained to a 
comprehensive grasp of the requirements or 
possibilities of military medicine.” 34

The Second World War, although fought 
on a larger scale and with more powerful 
weapons, actually incurred a lower casualty 
rate than did World War One (WWI). This was 
mainly attributed to the dramatic reduction 
of deaths from infectious diseases from 
16.5 per thousand men to less than 1 man 
per thousand.35 The war also stimulated 
and accelerated a number of medical  
advances: Dichlorodiphenyltrichloroethane 
(DDT) for preventing louse-born typhus, 
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malaria prophylaxis, antibiotics, large-scale 
whole blood transfusion in the field, treatment 
of burns and aeromedical evacuation from 
the combat theatre. Still, mistakes were 
made, too many to be listed here. But, 
one deserves mention—in North Africa, 
disorganised evacuation resulted in massive 
over-evacuation and under-return to duty of 
soldiers with simple, remediable conditions. 
In France and Belgium in the fall of 1944, the 
term ‘million dollar wound’ was coined as the 
lightly wounded were air-shuttled to England 
while the seriously wounded filled the mobile 
hospital beds. Combat medicine, improperly 
understood and executed, can be a conduit 
that bleeds the fighting force!

The Second World War, 
although fought on a 
larger scale and with 

more powerful weapons, 
actually incurred a lower 

casualty rate than did 
World War I (WWI). This 
was mainly attributed to 
the dramatic reduction 

of deaths from infectious 
diseases from 16.5 per 

thousand men to less than 
1 man per thousand. 

The Korean War shattered the uneasy 
peace that followed the end of WWII. The 
medical war was about Mobile Army Surgical 
Hospital (MASH) units and helicopters, vascular 
surgery and blood banks and combating 
endemic diseases like typhus, infectious 
hepatitis, malaria and even frostbite.36 It also 

demonstrated the problems associated with 
mothballing of medical services between 
armed conflicts. The Americans faced critical 
medical manpower shortages and inadequate 
equipment and drugs. Despite the recent 
experience of WWII, there was an expensive 
re-learning by young inexperienced surgeons 
of the old lessons of wound treatment.

The Chinese People’s Liberation Army fared 
much worse, experiencing severe problems 
of evacuation in the bitter winter cold and 
severe shortages of medicine. Lacking efficient 
transportation means, it took an average 
of 25 hours for the wounded to reach first-
line, division-level field hospitals. As the war 
progressed, this time interval was shortened 
to 13-14 hours, which was still far from 
satisfactory.37  For Mao Zedong’s exhortation 
to ‘rescue the dying, heal the wounded, and 
practise revolutionary humanitarianism,’ to 
be practicable, better logistics back-up would 
be needed.38  

Vietnam was undoubtedly the epitome 
of high-tech combat medicine. Virtually 
immediate evacuation by ‘dust-off’ helicopter 
ambulances, usually within one hour of 
wounding, was commonplace. Some of the 
best combat surgery ever performed was in 
air-conditioned, semi-permanent hospitals 
with equipment and medical staff comparable 
to civilian trauma centres in the United States 
(US), but located close to the battle areas. Only 
1% of the wounded reaching a medical facility 
died, a figure which compares favourably 
with the 2.2% and 4.5% in WWII.39  Preventive 
medicine, although not without flaws, was 
good enough to keep infectious diseases and 
non-effectiveness rates at the lowest levels of 
any war.40 

Another major contributor to this success 
was the improved medical command system. 
In previous wars, US Army medical units were 
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subordinated under the control of logistics 
commanders, an arrangement which was also 
in existence from 1964 to 1966 in Vietnam. 
But by 1970, the superior effectiveness of 
a separate theatre medical command, with 
strong professional medical control at teach 
echelon and central control of medical assets 
by senior medical commanders directly 
responsible to the supported line commander, 
was clearly demonstrated and implemented.41 

We end, as we began, near the cradle 
of civilisation. In January 1991, with more 
than a million troops arrayed in the Persian 
Gulf in readiness to do the ‘mother of all 
battles’, casualty estimates ran high—10,000 
dead and 35,000 wounded for US troops 
alone, according to one source.42 The desert 
environment was essentially hostile, and 
medical concern centred around natural 

threats like heat stress, dehydration, snake/
insect bites and infections, as well as 
military threats like chemical and biological 
weapons.43 As it turned out, many anticipated 
problems did not arise, thanks to the brevity 
of the ground war, the non-employment 
of Iraq’s extensive arsenal of chemical 
weapons, and the extensive preventive 
health measures taken.

With the emergence of the New World 
Order—post-Gulf, post-Wall and post-Evil 
Empire—and despite the promise that it 
holds for greater world disarmament, warfare 
appears now to be entering a new phase of 
protracted, low-intensity conflicts fuelled 
by ethnic and religious strife. It is, as yet, too 
early for nations to beat their swords into 
ploughshares. There remains much to be 
fully grasped concerning the ‘requirements or 
possibilities of military medicine…’44

US Marines of Company E, 2nd Battalion, 9th Marines, while under heavy fire within the DMZ on Operation Hickory III, are 
carrying one of their fellow Marines to the MEDEVAC helicopter during the Vietnam War.
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MILITARY MEDICAL OPERATIONS  
IN THE SAF: A NEW PARADIGM

By LTC(DR) Lee Wei Ting & MAJ(DR) Tan Mian Yi

ABSTRACT

This article covers a brief description of Military Medical Operations (MMO) in the Singapore 
Armed Forces (SAF). It goes on to discuss that as the complexity of the modern operating 
environment increases with the advent of non-traditional threats, the role of MMO in the SAF  
must diversify beyond its traditional roles. Such a transformation sees MMO moving beyond 
healthcare provision and Service-orientated medical operations, into areas like medical diplomacy 
and global health engagement. According to the authors, MMO needs constant adaptation and  
re-invention for it to thrive and fulfil its mission to the SAF. 

INTRODUCTION

“Change is the only constant”, Heraclitus, 
the great Greek philosopher once 
philosophised.1 This adage illustrates the 
evolution of armed conflict and the constant 
challenge it poses upon military operations. 
The conflicts of today are more complex and 
fought beyond a single dimension. Large-scale 
conflicts of old, where great masses of military 
forces met in the open field, have given way to 
asymmetrical, low intensity battles.2  Likewise, 
contests of will occur beyond the battlefield, 
moving into the geo-political-social, cyber, 
trade and other non-traditional fronts. Like  
the rest of the SAF, the Medical Corps must  
meet the rising needs of non-kinetic 
unconventional threats of today. In fact, 
the scope of MMO within the SAF, as with 
most modern militaries, is constantly being 
redefined amidst the current geo-political 
uncertainties. 

A BRIEF HISTORY OF MILITARY 
MEDICAL OPERATIONS IN THE SAF

The origins of MMO in the SAF were 
humble and service-centric. During the initial 
years, the primary focus of the SAF was the 
development of service-specific operational 
capabilities (Army-Combat Casualty Care, 
Air Force-Aviation medicine and Navy-Diving  
and Hyperbaric medicine). The aim was to 
support the immediate warfighting needs 
of the SAF. Undoubtedly, this was and will 
remain the raison d’etre of the SAF Medical 
Corps and will form the foundation upon 
which future capabilities are built upon.

FROM SERVICE MEDICAL 
OPERATIONS TO JOINT MEDICAL 
OPERATIONS

As the SAF transited from a 1st Generation 
to 3rd Generation fighting force, integrated  
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task forces were born with a mixture 
of inter-service assets and personnel. 
The formation of Joint Staff allowed the 
generation of greater synergy and co-
ordination across the three services.3 This 
formed the impetus for the introduction of 
the tri-service HQ Medical Corps in 1987.  
In 2008, the General Staff Branch of HQ 
Medical Corps (HQMC) was transformed into 
the Joint Medical Operations Branch (JMOB) 
to better reflect its tri-service role in MMO. 
It was given the mandate of monitoring 
peacetime medical operational readiness 
and current medical operations proficiency in 
planning and co-ordinating medical support 
missions across all services in the SAF.4  When 
the proverbial ‘button’ is pushed, JMOB will 
co-ordinate and plan the medical support 
requirements together with the respective 
Medical Service operational elements to 
ensure mission success for the SAF.

INTERNATIONAL MILITARY MEDICAL 
OPERATIONS AND CO-OPERATION 

The Medical Corps has played an active 
role in international peace support and 
Humanitarian and Disaster Relief (HADR) 
missions.5 Of the 37 overseas missions to 21 
countries the SAF participated in from 1970 
to 2015, 21 missions involved the deployment 
of SAF medical teams for HADR and 7 medical 
and dental teams were deployed for Operation 
BLUE RIDGE in Afghanistan from 2007 to 2013. 
It is noteworthy that members of the Medical 
Corps have helmed key positions within key 
international organisations, enabling the 
Medical Corps to contribute not just at the 
tactical level but also at the operational/
strategic realm. BG(RET)(DR) Benjamin Seet, 
former Chief of SAF Medical Corps, helmed 
the post of Chief Medical Officer of the 
Department of Peacekeeping Operations in 
the United Nations in 2004. 

CPT(DR) Clive Tan attending to a patient during the 
Padang Earthquake HADR mission in 2009. 

It is noteworthy that 
members of the Medical 

Corps have helmed 
key positions within 

key international 
organisations, enabling 

the Medical Corps to 
contribute not just at the 

tactical level but also  
at the operational/

strategic realm.
Social Civic Missions (SCM) have formed 

the bedrock of medical operations undertaken 
by the Medical Corps throughout the years. 
These missions not only provide a platform 
for practical co-operation, but also facilitate 
inter-operability between militaries. SCMs 
organised by the Medical Corps regularly 
feature the deployment of medical and dental 
teams. Medical teams deployed in SCMs 
will partner regional military counterparts 
to provide opportunistic healthcare for the 
local populace. Depending on the needs 
of the local populace, such missions may 
occasionally include the provision of complex 
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treatments like cleft-lip repair, which would 
have been otherwise too costly for remote 
villagers. Dental deployments usually involve 
the provision of (i) school outreach oral 
health education programmes; (ii) primary 
dental services, such as simple and complex 
dental extractions, fillings, scaling; and (iii) 
sometimes even secondary dental services, 
such as wisdom teeth surgeries.

MILITARY MEDICAL OPERATIONS AS 
PART OF TOTAL DEFENCE 

In the early years of nation building, the 
Medical Corps was frequently called upon 
to augment civilian resources during home 
front crises. An example would be the Hotel 
New World Collapse on 15th March 1986. The 
Medical Corps responded by augmenting the 

fledgling Singapore Civil Defence Force (SCDF) 

with medical personnel. The Severe Acute 

Respiratory Syndrome (SARS) outbreak in 2003 

saw the Medical Corps working closely with 

the Ministry of Health to contain the outbreak. 

When Singapore hosted key events like the 

Singapore Youth Olympic Games in 2010 and 

the recent 2016 Southeast Asian Games, the 

Medical Corps provided the frontline medical 

support at multiple games venues. On an 

annual basis, the Medical Corps undertakes 

the task of providing medical resources for 

National Day Parade. The Medical Corps were 

able to provide close, responsive medical care 

while maintaining the flexibility to mount  

co-ordinated contingency responses with 

home front agencies.

CPT(NS)(DR) Seah Tian Ee performing a wisdom tooth surgery during a DENCAP mission with secondary dental services, and 
is assisted by local dental assistants.
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Former Chief of Medical Corps, the late BG(RET)(DR) Lim Meng Kin (extreme right of picture) at the site of the Hotel New 
World accident.

MILITARY MEDICAL OPERATIONS – 
BEYOND STATUS QUO

Military Medical In National Defence 

In May 2015, Singapore’s Prime Minister 
Mr Lee Hsien Loong stated at the Shangri-La 
Dialogue in Singapore, “The threat is no longer 
there; it is over here… it is not so far-fetched 
that ISIS (Islamic State of Iraq and Syria) could 
establish a base somewhere in the region, a 
geographical area under its physical control… 
That would pose a threat to the whole of 
Southeast Asia.”6 

Terrorism has gained adherents at an 
alarming rate in Southeast Asia, with recent 
attacks in Singapore’s neighbouring countries. 
An attack in Singapore has the potential 
to threaten the social fabric upon which 
Singapore is built, and amongst our multi-
cultural and multi-religious society. In this 
climate of heightened security threats, the 
role of MMO is no longer confined to casualty 
management in the traditional battlefield. 
Instead, the nation’s healthcare system can tap 
into SAF’s resources and battlefield healthcare 
knowledge to deliver treatment in highly 

fluid operating environments. For example, 
by leveraging SAF’s command and control 
system, SAF medical personnel can quickly 
respond to a terrorist attack and augment the 
frontline medical response. This is especially 
important when large number of casualties can 
rapidly overwhelm the SCDF frontline medical 
responders. Beyond frontline medical care, 
the SAF can help strengthen the emergency 
preparedness of the healthcare system by 
holding or being part of joint training and 
exercises with the local medical community. This 
strengthens not only our treatment facilities, 
but allows the medical community to mount a  
co-ordinated response to home front crises.

Health is increasingly 
becoming a preferred 
area for international 

engagement. It is an area  
that can simultaneously 

benefit the targeted 
population, while 

advancing the SAF’s 
strategic interests.
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Medical Diplomacy and Regional Health 
Engagement 

Health is increasingly becoming a preferred 
area for international engagement. It is an 
area that can simultaneously benefit the 
targeted population, while advancing the  
SAF’s strategic interests.7 Health can be an 
effective, ethical platform for engagement, 
both in a security co-operation capacity, and 
as part of disaster response.8 There are 2 
main areas of focus that SAF can explore in its 
regional health engagement efforts: 

Focus 1: Strengthening Regional Co-operation 
and Capacity Building in Military Medicine

In 2010, under the auspices of the ASEAN 
Defence Ministers’ Meeting (ADMM), 
military medicine was identified as one of 
the five areas for practical collaborations 
amongst ASEAN and the Plus nations. The 
resulting ADMM Plus Experts Working Group-
Military Medicine (EWG-MM) propelled the 
Medical Corps to the forefront of military 
medicine collaborations in the region as the  
1st co-chair of the working group alongside  
Japan. Singapore’s three-year EWG-MM  
tenure as co-chairman culminated in the  
ADMM-Plus HADR/Military Medicine  
Exercise in 2013. This was a significant 
milestone in the ADMM-Plus co-operation 
when for the first time, 18 countries came 
together to participate in this exercise in 
Brunei.9 The EWG-MM platform sets the  
stage for further collaborations among the 
ADMM Plus nations in military medicine. 

Such engagements, whether through 
security initiatives like the EWG-MM or  
other bilateral/multilateral arrangements 
allow bi-directional exchanges of knowledge 
and experience, and increase the competency 
of the participants, while enhancing inter-
operability.

Focus 2: Deployment of niche medical 
capabilities in disaster relief operations 

Recent disasters have highlighted the 
ability and readiness of many militaries to 
deploy large and well-equipped medical teams 
(and some with surgical capability) on-site 
within short notice. In our case, the Medical 
Corps should leverage either deploying niche 
medical capabilities or deploying at sites that 
are not readily accessible. During the New 
Zealand earthquake in 2011, the SAF deployed 
a Disaster Victim Identification (DVI) team 
to aid in the disaster response. This was well 
appreciated by the local government and 
highlighted the value of contributing resources 
that provided great impact to the host nation. 

During the 2004 Indian Ocean Tsunami, 
while many foreign medical teams congregated 
at Banda Aceh, the SAF capitalised on the 
enhanced reach provided by the Republic of 
Singapore Navy’s Landing Ships Tank to access 
the remote region of Meulaboh, allowing the 
Medical Corps to bring much needed care to the 
disaster victims. This concept of deployment 
was again showcased in the Nepal Earthquake 
of 2015, when the SAF Medical Team ventured 
out of a very crowded Kathmandu, to the 
village of Gokarna. The team was able to 
provide medical care to the 20,000 villagers, 
whose access to help had been cut off due to 
the earthquake.    

CONCLUSION

As quoted by Charles Darwin: “It is not 
the strongest or the most intelligent who 
will survive but those who can best manage 
change.”10 As the complexity of the modern 
operating environment increases with the 
advent of non-traditional threats, the role of 
MMO in the SAF must diversify beyond its 
traditional roles. Such a transformation sees 
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MMO moving beyond healthcare provision 
and Service-orientated medical operations, 
into areas like medical diplomacy and global 
health engagement. MMO needs constant 
adaptation and re-invention for it to thrive 
and fulfil its mission to the SAF. However, it 
is without a doubt that this will be done, so 
others may live. 
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SAF’S FORCE HEALTH TRANSFORMATION
By SLTC(DR) Lim Hou Boon, MAJ(DR) Benjamin Tung & MAJ(DR) Gabriel Chong

ABSTRACT

Healthcare for the SAF has evolved over the last 50 years, together with the SAF’s progress 
and changing national healthcare landscape. Today, the SAF’s Force Health is looked after by a  
robust medical system that is professionally governed and on par with national clinical  
standards and best practices. In the early days, SAF’s healthcare provision was decentralised,  
as the individual Medical Services oversaw the provision of healthcare to their respective services. 
In 2008, the new Military Medicine Institute (MMI) was formed as the main entity entrusted  
with ensuring the health of the SAF, through the provision and governance of primary 
and specialist healthcare, as well as emergency medical care to our soldiers. The article 
explains MMI’s strategy of systemic improvements to transform healthcare in the SAF by (1)  
Strengthening Healthcare Governance and Standards, (2) Modernising Healthcare Systems 
and Infrastructure, and (3) Integrating with the National Healthcare System. The article also  
highlights the challenges and efforts to manage mental health issues in the SAF, and how a newly 
developed Soldier Health Framework can optimise SAF’s Force Health through health promotion. 

HEALTHCARE IN THE SAF  
TODAY

In the early days, the individual Medical 
Services oversaw the provision of healthcare 
to their respective services, while specialist 
medical care was provided by the Military 
Medicine Institute (MMI). Healthcare policies 
and standards were governed by the Senior 
Medical Officer’s (SMO) (Healthcare) Office, 
which was under the command of HQ Medical 
Corps. This decentralised approach was the 
model of the SAF’s healthcare provision until 
the SAF’s 3rd generation transformation.

In 2008, as a key feature of the 
reorganisation of the SAF Medical Corps, 
MMI and SMO’s (Healthcare) Office were 

merged. This new MMI became the main 
entity entrusted with ensuring the health of 
the SAF, through the provision and governance 
of primary and specialist healthcare, as well 
as emergency medical care to our soldiers. 
These are delivered via a network of medical 
and dental centres (assigned into three 
geographical clusters), as well as specialist 
medical and dental clinics. This centralisation 
of command improved and standardised the 
work processes at the medical centres and 
promoted sharing of best practices across the 
three clusters. 

Although Air Force and Navy medical 
centres remain under the command of their 
respective Services to better meet Service-
specific requirements, they adhere to 
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healthcare policies promulgated by MMI to 
ensure that healthcare delivery standards are 
maintained across the SAF.

Whilst primary and specialist healthcare 
serve to optimise the health and deployability 
of each soldier, thereby maximising the 
operational readiness of the SAF’s fighting 
force, the provision of swift and robust 
emergency medical care is a key enabler 
for tough and realistic training for war and 
operations. In this area, MMI medical centres 
are always ready to respond to medical 
emergencies that may arise during rigorous 
military training. To maintain the proficiency 
of medical personnel, medical centres conduct 
frequent resuscitation drills and refresher 
training for trauma management. 

These services and capabilities are 
supported by MMI’s Medical Affairs and 
Healthcare Programmes office, whose role 
include managing feedback from servicemen 
and the public, co-ordinating training and 
education for medical personnel, overseeing 
medical logistics and infrastructure, as well 
as handling contracts and collaborations with 
external healthcare institutions. 

TRANSFORMING HEALTHCARE

Since its inception in 2008, MMI has 
undertaken efforts to transform healthcare 
in the SAF to raise the standard of healthcare 
delivery by adopting a strategy of systematic 
improvements. 

Strengthening Healthcare Governance 
and Standards

Recognising the need to strengthen the 
governance of the medical system, a three-tier 
system was put in place in 2011, comprising 
the SAF Medical Advisory Board, five SAF 
Specialist Advisory Boards and 37 SAF Visiting 

Consultants representing 23 different clinical 
specialties. Constituted by senior, experienced 
and respected medical leaders, the boards  
and group of visiting consultants now advise 
the SAF on a broad range of issues, from 
benchmarking our standards and programmes, 
to providing expert inputs for individual 
complex medical cases. 

Since its inception in 2008, 
MMI has undertaken 
efforts to transform 

healthcare in the SAF 
to raise the standard of 
healthcare delivery by 
adopting a strategy of 

systematic improvements.
In 2013, an initiative to raise the standard  

of healthcare delivery in the SAF was 
introduced. The programme involves the 
engagement of senior family physicians to work 
alongside our Full-Time National Servicemen 
(NSF) Medical Officers (MO), providing on-site 
supervision and mentorship, a system that 
mirrors that in the public institutions. This has 
effectively deepened the medical expertise 
and experience at SAF medical centres, and has 
engendered greater trust and confidence of 
both our servicemen and the public in the SAF 
Medical System.

In the area of training, MMI’s 
implementation of the Mobile Medical 
Evaluation Team (MobileMET) system as well  
as Protected Training Time initiative had 
resulted in higher levels of readiness  
amongst medical centre staff. MobileMET, 
which started in 2011, provides an objective 
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and realistic modality to train and assess 
individual and team-based proficiency in the 
setting of the medical personnel’s own centres. 
Protected Training Time, scheduled up to twice 
a quarter, allows medical personnel to attend 
off-site continual medical education sessions, 
for example by conducting refresher training 
at the Medical Simulation Training Centre in 
the SAF Medical Training Institute to hone their 
skills in managing medical emergency cases.

In the area of training, 
MMI’s implementation 
of the Mobile Medical 

Evaluation Team system 
as well as Protected 

Training Time initiative had 
resulted in higher levels of 
readiness amongst medical  

centre staff.

Modernising Healthcare Systems and 
Infrastructure

In 1995, the SAF Medical Corps 

implemented a large scale Electronic Medical 

Records (EMR) system, the first of its kind 

in Singapore, across 36 medical, 11 dental 

and four specialised centres. Known as the 

Patient Care Enhancement System (PACES), 

it ran on the Windows 3.1 environment and 

was designed to manage health-related 

information and medical logistics in the SAF. 

Considering that public healthcare institutions 

at that time were operating on physical 

records, the system was state-of-the-art. 

In 2004, the SAF implemented the second 

generation system, PACES 2, which allowed 

for greater data upload and analysis, mass 

screening and image handling capabilities, as 

well as interfaces with external healthcare  

and logistics systems.  
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The SAF’s third generation EMR system, 
PACES 3, was rolled out in April 2016. PACES 
3 is based on an established software system 
used by several of Singapore’s public hospitals  
as well as numerous medical institutions 
worldwide, but it has been heavily 
customised to meet the SAF’s requirements. 
It has unprecedented functionalities and 
connectivity. For example, the eHealth Portal, 
accessible on the Internet, allows quick  
access to appointment bookings and requests 
for medical reports. Servicemen can also 
access their own clinical information like test 
results, allergies and immunisations, and 
military information like Physical Employment 
Status PES, and health and FFI screening 
outcomes. PACES 3’s Clinical Decision 
Support features like the allergy and drug 
interaction alerts will increase patient safety. 
Also, because PACES 3 is integrated with the 
National Electronic Health Record system, 
clinical records can be easily viewed through 
a context-switching feature. This not only  
allows our MOs to have more of the patient’s 
clinical information on hand, but also avoids 
having tests repeated unnecessarily.

In the area of infrastructure and  
equipping, the Medical Corps has  
operation-alised new medical centres 
and equipment through a systematic  
modernisation process. The tender for a 
comprehensive infrastructure upgrading of 
all SAF medical centres is also about to be 
launched, paving the way to further refreshing 
the look and feel of SAF medical centres.

Integrating with the National 
Healthcare System

“Every one of our servicemen, especially 
Operationally Ready National Servicemen 
(NSmen), is a civilian. MINDEF and the SAF’s 
philosophy have always been to design our 
healthcare system to be integrated as part of 
the national system. In this way, the SAF can 
benefit from the advances and the capacity 
of the civilian healthcare system. Likewise, 
the civilian system can also draw upon the 
capabilities and capacity of the SAF.”

-Then Second Minister for Defence,  
Mr Chan Chun Sing at the opening 

ceremony of the SAF Cardiac Fitness Centre 
16th  January 2015.1  

 (Top Left) Sungei Gedong Medical Centre Opening on 26 Aug 2016; (Top Right) Waiting area; (Bottom Left) Sickbay; 
(Bottom Right) Resus area 
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An example of how the SAF’s healthcare 
system has integrated with the nation’s is the 
SAF Cardiac Fitness Centre (SCFC). Officially 
opened in 2015, SCFC provides dedicated, 
expedited specialised cardiac service for the 
SAF. By significantly shortening the waiting 
time for a cardiac appointment, the creation 
of SCFC has served to reduce enlistment 
wait times for pre-enlistees and minimise 
training and deployment downtimes for 
enlisted personnel. This is an example of how 
our collaborations with public healthcare 
institutions, in this case, the National Heart 
Centre Singapore, have brought benefits to 
the SAF.

The co-location of SCFC with the National 
Heart Research Institute Singapore (NHRIS) 
also means that the SAF is able to now tap 
on the research experience of a renowned 
institute to study the cardiac health of our 
personnel and to validate the SAF’s screening 
protocols. 

EMERGING HEALTH CHALLENGES

The Singapore Mental Health Study 2010 
found that about one in 10 people in Singapore 
suffer from a mental disorder, with the onset 
of serious mental conditions like schizophrenia 
and psychosis usually occurring in adolescence 
or young adulthood.2 As a conscript army, the 
SAF’s trends can be expected to reflect the 
nation’s, especially for NSFs. 

Moreover, it is recognised that recruits in 
the military would need to undergo a period 
of psychological and emotional adjustment 
to the new environment. Common issues 
they face include homesickness, coping with 
regimentation and punishment, managing 
relationships with superiors and peers, 
difficulties in coping with physical training 
demands and perceived under-achievement, 
loss of ‘freedom’ and individuality, adjusting 

to communal living, potential exacerbation of 
personal issues, and difficulties in moving from 
an environment that is focused on oneself to 
one that is focused on team work to achieve 
the greater good.3 

These points of adjustment could, either 
singly or in combination, act as stressors to 
trigger or worsen any pre-existing mental 
health conditions. Therefore, as part of the 
current medical screening process, pre-
enlistees are screened for pre-existing mental 
health conditions and also undergo a mental 
health risk assessment to accurately assign 
medical classification. However, mental health 
conditions, unlike organic diseases that are 
associated with physical signs or physiologically 
derangements, can be challenging to pick up 
from otherwise normal appearing individuals. 
As such, there is scope to explore novel ways 
of screening for psychological illnesses in 
pre-enlistees. One possibility is the use of 
biomarkers as an adjunct to mental health 
screening.4  Biomarkers include certain blood 
proteins that can be used to assess the 
presence or progress of diseases, or even the 
effects of treatment. Measuring biomarkers 
lends objectivity to the assessment of medical 
conditions that are otherwise difficult to 
diagnose or monitor. Through research and 
development, it is foreseeable that test panels 
may be deployed to augment current day 
medical screening processes.

But managing the mental health for the 
SAF goes beyond medical screening. Three 
separate entities, the Defence Psychology 
Department (DPD), SAF Counselling Centre 
(SCC), and MMI’s Psychological Care Centre 
(PCC) now work together closely to form 
the SAF’s mental health surveillance and 
support framework. The recent introduction 
of psychologist positions in the Divisions, 
Commands, and Formations across all three 
Services will further augment this framework. 
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The role of these psychologists is to closely 
monitor and manage servicemen with mental 
health issues together with their commanders 
and unit medical officers, hence improving 
the ground management of at-risk personnel. 
It has allowed PCC to prioritise its efforts 
on mental healthcare provision to manage 
personnel who require a higher level of care or 
have complex specialist needs. 

OPTIMISING FORCE HEALTH 
THROUGH HEALTH PROMOTION

Every year, more than 20,000 young 
Singaporean males are enlisted into National 
Service. This constantly renewed pool of 
audience represents an excellent platform for 
health promotion. Through imbibing practices 
that can stay with them for their lifetimes, this 
in turn will also reduce the eventual burden of 
chronic diseases on the nation. 

Every year, more than 
20,000 young Singaporean 

males are enlisted into 
National Service. This 

constantly renewed pool 
of audience represents 

an excellent platform for 
health promotion.

The command and control structure in the 
SAF allows commanders the option to strictly 
enforce healthy lifestyle changes, but there  
are limitations to this approach. It is useful 
when it comes to providing healthier food 
choices in SAF cookhouses, but less useful 
when it comes to behavioural change issues 
such as smoking cessation. New approaches 
will be required to encourage adopting 
healthy lifestyle habits and ensure that such 

improvements are sustainable. A multi-prong 
approach that is person-centric, respects 
personal choice and includes multiple centres 
of gravity with ground-up initiatives will be 
more successful and sustainable for the SAF. 

Recognising the potential long term 
benefits of health promotion in the SAF, the 
MINDEF Healthy Lifestyle Steering Committee 
(MHLSC) was formed in 1991 to oversee 
workplace health promotion policies and to 
facilitate and monitor the implementation 
of healthy lifestyle activities in MINDEF/
SAF. MMI, as the secretariat to MHLSC, has 
been given the mandate to review the health 
promotion framework and recommend focus 
areas for health promotion in the SAF.

Currently at the national level, efforts to 
improve population health and mitigate the 
effects of an ageing population have taken 
on a Whole-of-Government (WoG) approach, 
guided by the national Healthy Living Master 
Plan that incorporated novel programmes 
such as Healthy Communities and Health 
Promoting Malls.5 At the workplace, health has 
been reframed as an enabler for productivity 
and performance and that has changed how 
the public and private sectors as well as 
generation population think about health and 
health-related lifestyle choices.

This year, a new Soldier Health Framework 
has been developed to incorporate these up-
to-date approaches to health promotion. It 
takes into account SAF’s unique workplace 
setting and places the soldier at the centre 
of the framework. The framework recognises 
that Performance, Productivity and Living 
Well are three domains that are important 
to both the individual and the organisation. 
Each domain is guided by two focus areas, 
which then translate to the soldier’s desired 
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The MHLSC Soldier Health Framework
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outcome of being Fit for Life, Mission-Focused 
and having a Healthy Body. The proposed 
framework encapsulates the current healthy 
lifestyle efforts within MINDEF/SAF, and will 
guide future programme development in a 
coherent and strategic manner.   

There are almost no downsides to 
promoting health in our servicemen, especially 
when there is a current surge in efforts at 
the national level. It is an opportune time to 
ride on this wave to maximise the benefits of 
health promotion to the SAF.

Today, the SAF’s Force 
Health is looked after by 
a robust medical system 

that is professionally 
governed and on par with 
national clinical standards 

and best practices.

CONCLUSION

Healthcare for the SAF has evolved over 
the last 50 years, together with the SAF’s 
progress and changing national healthcare 
landscape. Today, the SAF’s Force Health is 
looked after by a robust medical system that 
is professionally governed and on par with 
national clinical standards and best practices. 

Nonetheless, new challenges on the 
horizon mean that MMI and the Medical 
Corps will need to continue developing 
strategies to meet the SAF’s changing needs. 
This can best be achieved by leveraging on 
science and technology, embracing new 
ideas and strengthening collaborations with 
our national counterparts. 
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THE ARMY COMBAT CASUALTY CARE 
SYSTEM

By COL(DR) Poon Beng Hoong

ABSTRACT

The Army Combat Casualty Care system has evolved over the years in accordance to the 
prevailing medical evidence and best practices. The doctrine, equipping, platforms and training  
of the various echelons were strengthened over time to provide the best possible care to our 
soldiers in the battlefield as well as in the expanding spectrum of operations such as peacetime 
contingency operations. This article describes the development of the echelons of medical care 
over time and also paints the key directions for the coming years.

INTRODUCTION 

The history of caring for casualties of 
trauma is extensively documented, with 
practices in each time period being driven 
by the available knowledge of the time. 
Illustrating this from earliest available 
material are the Edwin Smith (1600 B.C.) 
and the Ebers (1550 B.C.) papyri, two of 
Egypt’s most important medical documents, 
which both describe wound treatment. 
Recommendations include the application 
of goat dung in fermenting yeast or a frog 
warmed in oil as topical therapies for 
burns and raw meat for crocodile bites.1  
While all were done with good intent, 
every preceding era’s practices were 
often found to be suboptimal, and some 
outright harmful, by the next generation.  
New knowledge from war and trauma 
management in the civilian setting continues 
to positively influence the care of trauma 
casualties to offer them the best chance 

of survival and lower morbidity. Reviewing  
data from the United States (US), lethality  
from war wounds has been on a  
downward trend (see Table 1). This can 
be attributed to the changing nature of 
operations, soldier protection and improving 
casualty care.

Herein lies the philosophy of the Army 
Medical Services: we always examine 
our practices critically through studying 
the contemporary evidence and update 

 them in accordance to our operational 
context. In addition to the sharing of 
experiences with foreign militaries and the 

civilian sector, knowledge acquired through 
our operational deployments over the years 
has also contributed to the regular renewal 
of capabilities. This article reviews and  
highlights the progress of Army’s combat 

casualty care system.
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War No. wounded or 
killed in action

No. killed in 
action

Lethality of war 
wounds (%)

Revolutionary War,  
1775–1783

10,623 4,435 42

Civil War (Union Force),  
1861–1865

422,295 140,414 33

World War I, 1917–1918 257,404 53,402 21
World War II, 1941–1945 963,403 291,557 30
Korean War, 1950–1953 137,025 33,741 25
Vietnam War, 1961–1973 200,727 47,424 24
Persian Gulf War, 1990–1991 614 147 24
War in Iraq and Afghanistan,  
2001–2004

10,369 1,004 10

Table 1: Lethality of War Wounds among US soldiers.2 

SYSTEMIC APPROACH TO COMBAT 
CASUALTY CARE

Primarily, development and optimisation 
will be driven by a systemic approach 
centered on the soldier and balanced with 
operational practicality. In this system, the 
appropriate level of care will be delivered to 
the injured soldier in a timely fashion, both 
on-site and also by evacuation up to a higher 
echelon of more capable medical support till 
the required definitive care is administered. 
Components in a highly functional system 
should include: (1) competency in the delivery 
of care at all echelons, (2) timely evacuation 
up the medical echelons, and (3) awareness 
of the resource utilisation across the echelons 
for responsive resource allocation. These 
components would interact differently in 
various natures of operations.  

HIGH PROFESSIONAL STANDARDS 
ACROSS THE ECHELONS

The medical competencies and capabilities 
at the various echelons have advanced over 
the years. For the soldier at the frontline, from 
only being capable of delivering basic first aid 
with First-Aid Dressing (FAD), he will now be 

able to deliver Combat Buddy Aid using wound 
dressing impregnated with haemostatic 
agents as well as an arterial tourniquet.  
Today, competent buddy aid is especially 
crucial in the dispersed nature of peacetime 
contingency operations. While tourniquet 
use has existed for centuries (3rd Generation 
combat medics are equipped with one each), 
it would surprise many that it was one of the 
most controversial medical paraphernalia 
in combat casualty care up till 2008 when a 
series of data from casualty treatment in 
Operation Iraqi Freedom validated its value 
and importance in haemorrhage control.3  

THE SAF COMBAT MEDIC

The SAF combat medic is the first 
medical responder and he has undergone a 
transformation through training and equipping 
to manage the injuries seen across the 
spectrum of modern warfare.

He can secure the airway of a casualty, 
arrest haemorrhaging effectively with 
haemostatic agents and tourniquets, and 
prevent life-threatening tension pneumothorax 
with a chest seal. He is accredited for his 
professionalism through the Workforce Skill 
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The SAF Combat Medic in Action.

 The 3rd Generation Army Battalion Casualty Station (BCS). 
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Qualification Higher Certificate in Healthcare 
Support (Pre-hospital Emergency Medical 
Services), an accreditation awarded since 
2015. Pre-hospital emergency care is maturing 
as a field of study in its own right and large-
scale studies are emerging, showing that 
appropriate intervention delivered at  
the point of injury impacts survival more  
than the speed of reaching a hospital. 

Pre-hospital emergency 
care is maturing as a field 
of study in its own right 

and large-scale studies are 
emerging, showing that 

appropriate intervention 
delivered at the point of 
injury impacts survival 
more than the speed of 

reaching a hospital.
THE BATTALION CASUALTY  
STATION

The Battalion Casualty Station (BCS) is the 
soldier’s first contact with the Medical Officer 

(MO). Here, casualties receive Advanced 
Trauma Life Support (ATLS), the internationally 
recognised standard of care for the early 
management of trauma casualties. Since 
its introduction to Singapore in 1992, ATLS 
has grown in strength and close to 10,000 
doctors have been trained. The SAF Medical 
Training Institute (SMTI) as the key training 
and accreditation centre in Singapore, thus 
contributes to building the capacity of civilian 
hospitals in trauma management. The 3rd 
Generation BCS has moved away from the 
familiar modular tentage set-up, renewed its 
doctrines, training and incorporated the latest 
medical equipment.

THE ARMY SURGICAL UNITS – 
MOBILE SURGICAL TEAM AND 
COMBAT SUPPORT HOSPITAL

The field hospital of modern militaries 
has evolved over the ages, from the 200-bed 
Mobile Army Surgical Hospitals (MASH) that 
supported troops during the Korean War, to 
the more mobile 20-person Forward Surgical 
Team, and the more modular but fixed-based 
Combat Support Hospital (CSH).4 Surgical 
techniques progressed similarly and today, 
damage control resuscitation and surgery, 
whereby the emphasis is on controlling 
haemorrhage and reversing the physiology 



28     The Army Combat Casualty Care System

insult rather than completing the correction 
of anatomy, is the doctrine that drives training 
and equipping.5  

Full Combat Support Hospital Setup. Mobile Surgical Team.
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The 3rd Generation surgical capability 
similarly deploys Mobile Surgical Teams 
(MST) to support the brigades and deliver 
damage control resuscitation and surgery. 
This pushes surgery closer to the frontline 
where soldiers may have a high need for 
such medical procedures. Equipping the 
MST with diagnostic capabilities, sterile 
surgical fields, blood products, and state-
of-the art equipment was complemented by 
systematic training of the National Service 
(NS) surgical teams in the practice of damage 
control resuscitation and surgery. The CSH 
continues to be the anchor of surgical care 
and outfield inpatient management, with 
operating theatres, intensive care units, 
general wards, lab facilities and a blood bank. 
Oral and maxillofacial surgery also play a key 
role in the CSH and the dental community 
has systematically trained and equipped  
NS dentists to perform key life-saving 
procedures. Having incorporated the lessons 
learned from more recent operations, 
significant upgrades include the integration 
of medical fixtures with containers and 
their mechanised deployment, Information 

Technology (IT) facilitation of internal 
work processes and patient flow, and the 
incorporation of advanced medical equipment. 

EFFECTIVE AND EFFICIENT 
EVACUATION SYSTEM

While vehicular platforms dominate our 
understanding of evacuation, the triage of 
patients for on-site treatment and observation 
vis-à-vis evacuation to a higher echelon must 
not be blindsided. The assessment of severity 
of injury is a crucial skill that we train and 
equip our medical personnel with, and the 
prioritisation of evacuation cannot be over-
emphasised considering the limitation of 
evacuation resources.

The cornerstone of evacuation procedure 
lies at the platoon and company level. While 
today the organisation of stretcher-bearing 
parties is the norm, it will inevitably need 
to be transformed to a less manpower-
intensive model. Trials have been done 
on casualty evacuation platforms with 
increased automation to understand how to  
incorporate them into our future operations. 

In 2015, new cross-country combat 
ambulances replaced the Land Rover 
ambulances that served the SAF for many 
years. The new combat ambulance with its 
rugged Ford-550 Chassis and all-wheel-drive 
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Medical variant of the Belrex Protected Combat Support Vehicle. 
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makes it highly mobile cross-terrain and the 
on-board Advanced Life Support equipment 
sustains the casualties as they move across 
the echelons. For urban operations, the  
Belrex Protected Combat Support Vehicle 
launched in 2016 provides the required 
protection and similar cross-terrain mobility 
and advanced life support equipment as the 
combat ambulances. 

In addition to land-based evacuation, 
closer integration of casualty aero-evacuation 
with the land medical units has always been 
desired.  Over the years, the processes and 
equipment interfaces of both parties have  
been strengthened through a series 
of combined exercises and equipment 
development. Similarly, combined exercises 
with the restructured hospitals are conducted 
to iron out the kinks to ensure that casualty 
care is as seamless as possible regardless of 
the scenario. 

The assessment of severity 
of injury is a crucial skill 
that we train and equip 

our medical personal with, 
and the prioritisation of 

evacuation cannot be  
over-emphasised 

considering the limitation 
of evacuation resources. 

SITUATIONAL AWARENESS 
AND RESPONSIVE RESOURCE 
ALLOCATION

It is challenging to redeploy resources 
from their pre-planned allocations and 
thus situational awareness is crucial for 
deciding medical resupply or redeployment 
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of medical units to augment areas of need. 
Unit status reporting today is done largely 
at pre-determined timings and the reported 
information is aggregated. This limits system-
wide awareness and hampers the direction 
of medical resources to more needy areas. A 
first step was taken in the SAF’s 3rd Generation 
transformation with Radio Frequency 
Identification (RFID) based Identification Tags 
that allowed casualty data to be retrieved 
and recorded in the field, and subsequently 
transmitted up the evacuation chain and 
consolidated. Lessons learned from this 
foray and the rapidly advancing information 
technology (IT) field will inevitably deliver 
a more responsive system for the combat 
setting in the next iteration that addresses the 
needs of peacetime contingency operations 
and conventional operations. The challenge 
of dwindling resources lends focus to system 
level optimisation and timely responses across 
the spectrum of operations. 

FUTURE AREAS OF DEVELOPMENT

Moving forward, there is a need to study 
and generate new knowledge on the nature  
of casualties in various contexts to direct 
research investments and capability 
development. The review of international 
experience and operational analysis studies 
would cover the spectrum of scenarios 
encountered by SAF in the future.

Moving forward, there 
is a need to study and 

generate new knowledge 
on the nature of casualties 
in various contexts to direct 
research investments and 
capability development.

The evaluation and selection of areas to 
invest resources would take into account this 
new knowledge gained so that the system 
continues to be improved upon. Promising 
areas being explored include unmanned 
evacuation platforms that will reduce the 
manpower needed for casualty evacuation, 
portable point-of-care diagnostic tools 
to aid medical personnel at the frontline,  
novel blood products that better sustain 
casualties and better portable IT systems  
to achieve timely situational awareness. 

CONCLUSION

Over the years, adopting the systems 
approach to combat casualty care has 
allowed the Army Medical Services to 
incorporate advances in medical science, IT, 
engineering and operational experience into 
our combat casualty care in a synergistic 
manner to lower the mortality and morbidity 
of combat casualties. This approach will 
continue to serve the Army well in optimising 
resources and achieving mission success in 
the expanding spectrum of operations. 
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ADVANCING MARITIME MEDICAL 
SUPPORT FOR THE REPUBLIC OF 

SINGAPORE NAVY
By COL(DR) Chow Weien & LTC(DR) Liow Ming Han Lincoln

ABSTRACT

Historic naval medical support has often been described as futile, with naval surgeons 
lamenting their impotence due to resource constraints and rapid accrual of severe injuries 
on afloat platforms. However, a silver lining shone brightly amongst these dark clouds when  
James Lind pioneered naval hygiene for the Royal Navy in the 18th century. His work was  
forward-looking, progressive and advanced naval preventive medicine. Rapid growth of the  
Republic of Singapore Navy (RSN) in the 1980s enabled the RSN to secure our Sea Lines of 
Communications (SLOC) and ensured maritime security. Navy Medical Service (NMS) has over  
the years advanced maritime medical support capabilities and has also positioned herself as a 
regional leader in the niche area of underwater medicine. This will ensure that comprehensive 
medical support will be provided across the full spectrum of RSN operations to ensure mission 
success. The aim of this article is to detail the evolution and future directions of naval medical 
support in an increasingly complex maritime operating environment.

INTRODUCTION 

During the war of Jenkins Ear in 1740, 
Commodore George Anson successfully led the 
British in the capture of an Acapulco galleon. 
Returning to Britain in 1744 by way of China 
and thus completing a circumnavigation, the 
voyage was infamous for the horrific number 
of disease-related deaths, with only 10% of the 
original 1,900 crew returning.1 

Historically, naval surgical support has often 
been described as futile, with naval surgeons 
lamenting their impotence due to resource 
constraints and rapid accrual of severe injuries 
on afloat platforms.2 As recent as Operation 
Neptune, Surgeon Airth vividly recalls the 
seemingly impossible odds and his frustration 
during the Normandy beach landing: 

“This has indeed been D-day; Dawned-

Day, Death-Day, Destruction-Day, 

Disappointment- and Disillusion-Day.”3 

However, a silver lining shone brightly 
amongst these dark clouds when James Lind 
pioneered naval hygiene for the Royal Navy 
in the 18th century. He was instrumental in 
discovering the cure for scurvy for sailors and 
was also recognised for his shipboard public 
health initiatives, which are still practised today, 
such as enforcing cleanliness of shipboard 
linen, ship ventilation and fumigation practices. 
His work was forward-looking and progressive 
and it advanced naval preventive medicine.4 

On a separate front, whilst facing 
impossible odds, Lieutenant Commander 
(LCDR) Sam R. Sherman who was wounded in 
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battle, exemplified the resolve and courage 
of a naval surgeon by attending to a mass 
casualty situation when the USS Franklin  
was incapacitated by Japanese bombers 
during the Pacific War.5  These examples 
demonstrate tenacity and steadfastness of  
the naval surgeons in ensuring the best care 
for the sailors under their care during peace  
to war. 

With RSN ships deploying 
further and longer, Naval 
Medical Service focused 
on the development and 

provision of frontline 
maritime medical support 
for our Naval combatants. 

They conduct realistic, 
simulation and operational 

training for non-medical 
RSN personnel to 

empower them to function 
as first responders on all 

RSN platforms.

Naval medical support continues to be 
very challenging. Today, the Navy Medical 
Service (NMS), of the RSN has evolved into 
a world class medical service which: (1) 
provides comprehensive medical support for 
RSN’s full spectrum operations; (2) ensures 
and optimises the health of the Navy and (3) 
has positioned herself as a regional leader in 
underwater medicine. 

EVOLUTION OF NAVAL OPERATION-
AL MEDICINE

The rapid growth of the RSN in the 1980s 
enabled our Navy to secure our Sea Lines of 
Communications (SLOCs) and ensure maritime 
security. With RSN ships deploying further 
and longer, NMS focused on the development 
and provision of frontline maritime medical 
support for our Naval combatants. They 
conduct realistic, simulation and operational 
training for non-medical RSN personnel to 
empower them to function as first responders 
on all RSN platforms. NMS also provides 
medical training for divers, allowing these 
cross-trained diver medics to provide medical 
support during diving operations. 

Realistic shipboard medical evacuation training in the 
early days.
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NMS medics, Independent Duty 
Corpsmen (IDC) and Medical Officers (MO) 
provide primary healthcare and manage 
emergency situations in the austere maritime 
environment. The RSN is currently the only 
service which raises, trains and sustains IDCs. 
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The IDC is a highly trained Medical Military 
Expert (MME) who is able to function 
independently on surface and underwater 
platforms. With the introduction of the 
Naval Helicopters, NMS MOs and IDCs also 
undergo basic aviation medicine training to 
support RSN naval aviators. 

The first Naval afloat surgical team was 
established in 1987 and operated on board 
the Endurance-class Landing Ships Tank (LST). 
The RSN also acquired her 1st Generation 
surgical containers.

During the 2000s, Damage Control 
Surgery (DCS) was recognised to be able to 
maximise survivability in trauma casualties 
by prioritising physiological recovery over 
anatomical repair through the prevention of 

First generation RSN maritime surgical containers.
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the lethal triad of acidosis, hypothermia and 
coagulopathy.6 Interestingly, the concept 
of DCS was actually adopted from Naval 
damage control procedures, which aim to 
restore the watertight integrity, stability or 
offensive power of a warship.7  As part of the 
3rd Generation transformation of the RSN, 
Shipboard Surgical Sections were created and 
trained to perform damage control surgeries 
in confined spaces on the frigates. Through 
ingenious design, the medical centre on board 
the new Formidable-class frigates was dual-
roled into an Operating Theatre (OT), and the 
dining room can be rapidly converted into an 
Intensive Care Unit (ICU). These innovative 
solutions increased operational flexibility, 
and expanded the frigate’s mission profiles.



34       Advancing Maritime Medical Support For the Republic of Singapore Navy

Today, maritime operations may have 

to be conducted at considerable distance 

from a land-based surgical facility. The 

Rapidly Deployable Maritime Container 

(RDMC) was designed by NMS to provide 

a modular and scalable maritime surgical 

capability for the RSN. A 2-men team can 

rapidly deploy the standard 20-foot ISO 

RDMC in 10 minutes into an OT or ICU, 

thereby providing in-theatre afloat surgical 

support. Key features of the RDMC include: 

(1) Operational flexibility that allows 

deployment on land or at sea on military 

or commercial ship platforms; (2) Corrosion 

resistance for enhanced survivability at sea; 

(3) Adaptability through a universal coupling 

system that allows the RDMC to tap on 

the vessel’s electrical, water and sewage 

systems for continuous operations, and (4) 

Hospital grade High-Efficiency Particulate 
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Operating theatre on board a Formidable-class frigate.

Air (HEPA) filter and laminar air flow  
system, which reduce the risk of infection, 
enhance patient safety and maximise 
survivability of casualties. With its continual 
support of active operations, the RDMC has 
strengthened RSN’s value proposition as 
a strategic partner and will enable greater 
interoperability with foreign navies.

FUTURE CHALLENGES IN NAVAL 
OPERATIONAL MEDICINE

 The evolving nature of conventional and 
hybrid threats, terrorism and piracy culminate 
in a complex maritime environment. The 
eventual large-scale operationalisation of 
autonomous drones, self-navigating mines, 
unmanned underwater and surface fleet 
swarm technology will result in significant 
changes in the fundamentals of naval 
warfare and its supporting medical support 
concepts. The RSN will need to continue to 
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safeguard Singapore’s SLOCs and perform 
increasingly complex tasks to ensure the 
seaward defence of our homeland. 

The evolving nature 
of conventional and 

hybrid threats, terrorism 
and piracy culminate 

in a complex maritime 
environment.

NMS will need to ensure sustainability 
of medical resources by further optimising 
National Servicemen resources, enhancing 
medical deployability and minimising attrition 
of RSN combatants. Further enhancements 
to the existing medical support system, 
focusing on modularity and scalability 
with the capability to rapidly deploy for 
operations, must be developed to support 
RSN full spectrum operations throughout 
the peace-to-war continuum. NMS will also 
leverage advanced medical technology 
to improve medical and surgical care and 
maximise survivability for RSN combatants. 
Some examples include the incorporation of 
Point-of-Care Test (POCT) kits and advanced  
imaging and diagnostic equipment. 

RDMC deployed on RSN Landing Ship Tank and USNS Millinocket.
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EVOLUTION OF UNDERWATER 
MEDICINE 

Underwater medicine is a niche military 

medicine specialty, which comprises diving, 

hyperbaric and submarine medicine. The need 

for diving and hyperbaric medicine in the RSN 

arose from the establishment of the Naval 

Diving Unit in 1970s, with NMS pioneering 

underwater medicine practice in Singapore. 

In 1973, the acquisition of the British 10-

men hyperbaric chamber enhanced diving 

medical support for our divers. As the NMS 

had the only capability for Hyperbaric Oxygen 

Therapy (HBOT) at that time, it extended the 

facilities to treat a wide range of patients, 

from fishermen with Decompression Illness 

(DCI) to civilians with poor healing wounds.8  

From 1984 to 1987, NMS provided  

essential compressed air works consultancy 

and on-site recompression treatment using a 

COMEX hyperbaric chamber during Singapore’s  

Mass Rapid Transit (MRT) tunnelling project. 

These experiences formed the foundation from 

which Regular Navy MOs built their clinical 

expertise in diving and hyperbaric medicine. 
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THE ‘NEW AGE’ OF DIVING 
AND HYPERBARIC MEDICINE IN 
SINGAPORE

With the NMS’s foresight the Hyperbaric 
and Diving Medicine Centre (HDMC) was 
setup in collaboration with Singapore General 
Hospital (SGH). In 2008, RSN and SGH signed  
a Memorandum of Understanding (MOU). 
Work in the SGH HDMC included treating 
military and civilian divers, providing education 
and training for medical personnel and 
conducting underwater medicine research. 
The SGH HDMC is also integrated within the 
national healthcare system. 

Since then, NMS has 
trained all the diving 

and hyperbaric medicine 
physicians in Singapore. 

This has led to the 
improvement in diving 

medical support not just 
for Singapore, but also the 

surrounding region.

In 2009, NMS and SGH HDMC  
co-organised the inaugural Singapore 
Hyperbaric and Diving Medicine Course 
(SHUMEC). The course achieved international 
accreditation by the Diving Medical Advisory 
Committee (DMAC) in the following year, 
bearing testament to the high quality of 
underwater medicine education. Since then, 
NMS has trained all the diving and hyperbaric 
medicine physicians in Singapore. This has 
led to the improvement in diving medical 
support not just for Singapore, but also the 
surrounding region.

Going forward, NMS will continue to 
build deep underwater medicine expertise  
together with the national and international 
hyperbaric and diving medicine community. In 
addition, NMS will identify potential research 
areas to enhance combatant performance 
and extend the operational diving envelope. 

THE ADVENT OF SUBMARINE 
MEDICINE

The commissioning of RSS Conqueror, a 
Challenger-class submarine in 2000 marked 
the advent of Submarine medicine in the RSN. 
The health and safety of RSN submariners 
was of paramount importance and NMS was 
charged with the development of organic 
submarine medical support, submarine-related 
occupational health safety polices as well as 
submarine escape and rescue procedures. 

NMS introduced the RSN IDC programme 
in 2000, which was based on the United States 
Navy (USN) submarine IDC programme. The 
programme allowed a select group of MMEs 
to undergo a demanding one-year academic 
course at the USN Naval Undersea Medical 
Institute to obtain the skills and knowledge 

Acquisition of the first multi-place hyperbaric chamber 
(British Chamber) in 1973.
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to function independently on a submarine. 
NMS IDCs are also trained as submariners and 
undergo rigorous currency training to maintain 
their medical proficiency. It continues to be 
an honour to be selected as an IDC. Despite 
the huge responsibility and onerous nature 
of the task, NMS IDCs continue to serve RSN’s 
submarine force with distinction. 

Distressed Submarine (DISSUB) scenarios 
due to underwater incidents or technical 
failure will require collective rescue or 
individual escape of its crew. With that, the 
RSN developed and operationalised the 
LST-based Submarine Hyperbaric Chamber 
Vessel (SHCV). In 2009, RSN operationalised 
the state-of-the-art, custom-built submarine 
rescue suite on MV Swift Rescue (SWR). The 
rescue suite included a submersible (DSAR6) 
which was capable of mating with a DISSUB 
and rescuing up to 17 crew at once; a remotely 
operated vehicle capable of underwater  
search and delivery of life-support supplies  

to a DISSUB; recompression chambers on 

MV SWR which allowed Transfer-Under-

Pressure (TUP) from DSAR6; an eight-bed high 

dependency and ten-bed general ward; and 

a patient elevator and helipad to facilitate 

helicopter-evacuation. RSN’s submarine 

rescue suite has since drawn accolades 

from the international submarine rescue 

community, resulting in several submarine 

rescue agreements with regional navies. RSN 

has positioned herself as the submarine rescue  

hub in the region. NMS will continue to 

deepen her expertise in submarine medicine, 

and enhance interoperability in submarine  

escape and rescue operations with other 

navies.  

ENHANCING NAVAL HEALTHCARE 
AND COMBAT PERFORMANCE FOR 
A STRONGER NAVY

NMS is committed to deliver quality 
medical care and enhance force health 
for the RSN. The Healthy Eating and 

Commissioning of the LST-based SHCV on RSS Perseverance. 
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Active Lifestyle (HEAL) programme and 
the ShipBoard eXercise (SBX) programme 
were implemented to enhance the health 
of our servicemen. Occupational health 
programmes and initiatives were also 
strengthened to ensure a safe working 
environment for our RSN sailors. NMS will 
continue to improve the medical selection 
of our sailors, reduce medical attrition and 
maximise deployability. 

NMS is committed to 
deliver quality medical 
care and enhance force 

health for the RSN.
NMS also conducts performance 

optimisation research for elite underwater 
combatants. The use of the respiratory 
muscle trainer has led to significant 
improvement in aerobic endurance on land 
and underwater. NMS continually works 
with the surface and submarine crews to 
address fatigue management, with the aim 

Submarine rescue submersible (DSAR6).
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of improving combat performance through 
optimisation of the shift cycle on board RSN 
platforms.

CONCLUSION

The provision of comprehensive naval 
medical support for the RSN will continue 
to be challenging, especially in today’s new 
maritime operating environment. NMS must 
remain flexible, nimble and forward-looking  
in the provision of medical support to protect 
the health of our servicemen and to ensure 
mission success for our Maritime Force, 
in a Maritime Nation. By providing robust 
medical support for RSN’s full spectrum of 
operations, enhancing the Navy’s health 
through performance optimisation, deep 
specialisation in niche areas of diving and 
submarine medicine, lending a helping hand 
and building trust with strategic partners 
through peace-support operations and 
socio-civic missions, and daring to dream 
big and develop innovative solutions such as 
the RDMC, NMS has set herself apart and  
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stands poised to build on her legacy and 
continue as a regional and international 
leader in maritime medicine. 
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PARADIGM CHANGES IN AEROMEDICAL 
SUPPORT FOR THE REPUBLIC OF 

SINGAPORE AIR FORCE
By COL(DR) Gan Wee Hoe & MAJ(DR) Shawn Lim

ABSTRACT

Since the advent of the first powered aircraft, aircraft performance has progressed phenomenally, 
exposing aircrew to a variety of physiological and cognitive challenges. New aeromedical concepts 
and protocols have been developed and applied to overcome physiological limitations in the  
human operator. In this article, the authors cover the evolution of aeromedical support  
capabilities in the Republic of Singapore Air Force (RSAF) in tandem with the advent of military 
technology and the introduction of new generation fighter aircraft and weapon systems. Next, 
will be a description of the importance of aircrew training, which has contributed significantly  
to improvements in flight safety and mission effectiveness. Looking ahead, the authors feel that  
the future air warfare concepts and platforms of tomorrow will increasingly extend the  
physiological and cognitive limits of our operators. To this end, the RSAF needs to focus on 
developing new approaches to maximise human performance,redefine conventional human limits 
and enable the airman to lead the sharp edge of our air warfare capabilities. 

INTRODUCTION 

Aviation is a relatively recent phenomenon, 
only taking off significantly since the early 
20th century. Soon after the advent of the 
first powered aircraft, several nations started 
exploring the utilisation of aviation for 
purposes of military operations. This created 
the need to set medical standards for aircrew, 
and heralded the birth of military Aviation 
Medicine. The Germans were among the 
first to develop a minimal set of aeromedical 
standards in 1910, and this was soon followed 
by the Italians, British, French and Americans, 
as the flying units recognised the importance 
of medical standards for pilots as a significant 
factor affecting flight safety. By 1918, all the 
major powers had medical services dedicated 
to aviation.1 

In the subsequent decades that  
followed, aircraft performance continued 
to increase at a phenomenal rate, with the 
ability to fly faster, higher and for longer 
durations. As aviation developed, it was 
quickly realised that it exposed aircrew  
to a variety of environmental conditions 
that the human body had no natural ability 
to withstand. These advancements placed 
additional physiological stressors on the 
aircrew, such as intense acceleration forces, 
rapid pressure changes, inadequate oxygen 
at altitude, and dizzying disturbances to 
spatial orientation. This spurred the need to 
grow research, development and training in 
the realm of flight physiology, and to have 
life support systems to enable the aviator to 
operate effectively and safely in the aircraft.
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These advancements 
placed additional 

physiological stressors 
on the aircrew, such as 

intense acceleration 
forces, rapid pressure 
changes, inadequate 

oxygen at altitude, and 
dizzying disturbances to 

spatial orientation. This 
spurred the need to grow 
research, development 

and training in the realm 
of flight physiology, and to 
have life support systems 
to enable the aviator to 
operate effectively and 

safely in the aircraft.
In Singapore, the foundation of Aviation 

Medicine was laid with the formation of 
the then-Singapore Air Defence Command 
(SADC) in 1968. The first medical centre 
supporting the SADC in catering to the 
unique medical requirements of military 
aircrew and air traffic controllers was set 
up in Seletar West Camp in the same year. 
However, it was already acknowledged  
that general medical training alone would not 
provide Medical Officers in our fledgling air 
force with the ability to optimise the health 
of our military aircrew, much less maximise 
their performance in the unforgiving flight 
environment.

By the early 1970s, the RSAF had  

progressed from a few Cessna 172Ks to 

operating the A-4 Skyhawk jet fighters, and 

there was a need to enhance pilot safety and 

effectiveness in flying these high-performance 

jets.2 The few military doctors in service at 

the time were successively sent to the Royal 

Air Force Institute of Aviation Medicine in 

the United Kingdom for specialist training 

in Aviation Medicine. In 1982, the RSAF 

Aeromedical Centre (ARMC) was developed 

as a specialist centre for aeromedical 

services and physiology training under one 

roof. The centralisation and consolidation 

of aeromedical expertise propelled the 

development of Aviation Physiology Training 

programmes for aircrew. It also provided the 

platform for the expansion of the breadth 

and depth of other aeromedical capabilities 

such as medical and psychological screening 

and selection, research into performance 

maximisation, and the conduct of aeromedical 

evacuations. 

AVIATION PhySIOlOgy TRAININg 
(APT)

Aviation Physiology Training is one of 
the cornerstones of flight safety in modern 
day air forces. It aims to train aircrew in the 
physical and mental effects that they may 
experience during flight and in so doing, 
protect them from the potential pitfalls 
and hazards. A multitude of studies and 
reports have consistently documented the 
importance of APT in minimising aviation 
incidents and accidents, and this section of 
the article will use two examples to detail 
how it has been critical in ensuring the 
safety of our aircrew and supporting the 
RSAF’s mission success.
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View through the Night Vision Goggles (NVG) in the Night Vision Training Facility, demonstrating its restricted field of vision 
and limited visual acuity.

Hypoxia Training

Hypobaric hypoxia, or the lack of oxygen  
due to exposure to reduced barometric 
pressures at altitude, is generally recognised  
to be the single most serious physiological 
hazard during flight. Depending on the 
exposure altitude, symptoms can range 
from a mild impairment of the pilot’s mental 
performance to rapid incapacitation and 
death. To make things worse, this can occur 
insidiously, with the pilot being unaware of  
the onset and progress of impairment, 
and aviation history is full of examples of 
the resultant loss of lives and aircraft. A 
retrospective study was previously done in the 
Australian Defence Force, analysing aircraft 
safety occurrence reports between 1990 and 
2001 listing hypoxia as a factor. The study 
found that 75.8% of these hypoxic episodes 
were recognised by the aircrew themselves 
due to prior hypoxia training, thereby enabling 
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them to take corrective measures and avert 
any potentially fatal accidents.3  In the RSAF, 
aircrew undergo hypoxia training since 1986, 
to replicate the effects of exposure to high 
altitudes. This gives them the opportunity to 
gain personal experience of hypoxia under 
controlled conditions, and helps them recognise 
its onset should it occur during flight. This year, 
the hypobaric chamber will be upgraded to 
allow the expansion of, and further improve 
the fidelity of training. 

Human Training Centrifuge

G-induced loss of consciousness (G-LOC) 
has also been recognised as a significant 
physiological hazard in military flying, 
especially in fighter aircraft, with anecdotal 
reports of G-LOC dating back to before 1920. 
Internationally, air forces have periodically 
lost pilots and aircraft to G-LOC, with a 
recent example being the fatal crash of a UK 
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Royal Air Force Red Arrows aerobatic display 
aircraft in August, 2011. With the transition 
to newer generation fighters with enhanced 
performance and manoeuvrability, fast jet 
aircrew are exposed to greater acceleration 
forces and a higher risk of G-LOC. High-G 
training aims to prevent such incidents 
by allowing pilots to hone, in a controlled 
environment, their anti-G straining manoeuvre, 
a skill crucial to prevent G-LOC and ensure 
survivability of both man and machine during 
air combat. In the RSAF, the first operational 
High-G training was conducted on 9th March, 
1995 and we have never looked back since. 
Today, high-G training is universally recognised 
as an essential component of a fighter pilot’s 
core training. This is validated by the studies 
such as the one conducted by the United  
States Air Force, which demonstrated a 
reduction in G-LOC crashes from 4.4 per million 
flight sorties to 1.6 after the implementation 
of anti-G-LOC training programmes in 1985, 
underscoring the importance of such training 
in enhancing crew safety.4 

Human Training Centrifuge at the RSAF Aeromedical Centre, used to train fighter aircrew up to 9G acceleration.
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With the transition 
to newer generation 

fighters with enhanced 
performance and 

manoeuvrability, fast jet 
aircrew are exposed to 

greater acceleration forces 
and a higher risk of g-lOC.
CORNEAL REFRACTIVE SURGERY 
PROGRAMME

As a small country, Singapore has a very 
small human resource pool from which to select 
its military aircrew, and this is set to worsen due 
to the country’s low birth rate. This situation is 
exacerbated by the high prevalence of myopia, 
which can disqualify otherwise-suitable 
candidates. This has been a cause of concern for 
the RSAF, with the need to maintain high visual 
standards as a selection criterion conflicting 
with the requirement of recruiting sufficient 
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aircrew. A study of RSAF pilot applicants who 
underwent medical selection examination over 
an eight-year period from 1984 to 1991 found 
that 19.8% of them were unable to meet eye 
refraction standards.5  Despite a subsequent 
relaxation of spherical error limits by -0.50 D, 
the proportion of RSAF pilot applicants over 
the eight-year period from 1999 to 2006 who 
were medically disqualified due to refractive 
errors remained high at 11.7%.6 

The RSAF introduced the Corneal Refractive 
Surgery (CRS) programme in 2005, with the aim 
of enlarging the recruitment pool of potential 
military aviators. Pilot applicants whose myopia 
fell within permissible limits were enrolled 
into the programme, and would undergo 
photorefractive keratectomy (PRK) surgery 
to correct their refractive errors. A study was 
done reviewing the results in 149 eyes of 76 
RSAF pilot applicants that underwent PRK over 
the five-year period from 1st January, 2006 to 
31st December, 2010. The study found that 12 
months after surgery, 98.5% and 100.0% of eyes 
had achieved Uncorrected Visual Acuity of 6/6 
or better and 6/12 or better, respectively, with 
a low rate of complications.7 The introduction 
of CRS to mitigate the high prevalence of 
myopia in our local population is a game-
changer in overcoming the manpower resource 
constraints for the RSAF. Since then, the RSAF 
has further expanded the scope of CRS to allow 
higher myopes into the programme, as well as 
include the modality of Laser Assisted In-situ 
Keratomileusis (LASIK) to further enlarge the 
talent pool available for recruitment.

PERFORMANCE MAXIMISATION

Operational demands may at times require 
aircrew to fly for long hours across multiple 
time zones, resulting in issues related to jet-
lag, poor sleep and resultant aircrew fatigue. 

Such fatigue must be recognised as a threat 
to aviation safety, as the evidence is clear that 
sleep deprivation has deleterious effects on 
attention, reaction time, and cognitive ability.8 

The build-up of aeromedical expertise in the 
RSAF has enabled us to develop and implement 
operational crew performance programmes 
in areas such as fatigue management and 
cognitive enhancement. Today, both preventive 
and interventional strategies are effectively 
paired to extend the endurance of the human 
envelope and peak the operator performance. 
An example is in fatigue management, where 
medications like modafinil and caffeine 
are coupled with active crew scheduling to 
overcome the physiological effects of extended 
operations and night missions.9  

The build-up of 
aeromedical expertise in 
the RSAF has enabled us 

to develop and implement 
operational crew 

performance programmes 
in areas such as fatigue 

management and cognitive 
enhancement.

OPERATIONAl SEARCh & RESCUE 
AND AEROMEDICAl EVACUATION

In the operational realm, the RSAF has 
developed strategic Heli-medevac and 
Aeromedical Evacuation (AME) capabilities 
to evacuate casualties back to our local 
hospitals. Since 2002, we have progressively 
built up the intensive care capabilities that will 
be delivered in both our helicopter platform 
(for Heli-medevac) and transport aircraft (for 
AME). This includes upskilling and training our 
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medical personnel—both active and NSmen—
as well as equipping the flight medical teams 
with state-of-the-art equipment for casualty 
monitoring, resuscitation and treatment. As 
strategic capabilities, both Heli-medevac and 
AME fulfil important roles for not only the SAF 
but also Singapore. 

The ability to launch Search and Rescue (SAR) 
missions within minutes by the RSAF engenders 
confidence in our soldiers and commanders  
in both training and operations. Equally 
essential, the extension of this capability to 
serve civilian casualties in the Singapore Flight 
Information Region (FIR) directly supports  
our national interests and is a vital resource  
for Singapore.

The SAF trains in many parts of the world. 
On occasion, the RSAF has been called upon 
to bring back SAF personnel who are unwell 
or have suffered injuries overseas. To this end, 

AME is vital to facilitate the transfer of these 
personnel to a higher echelon of medical care, 
or even repatriate them to Singapore should 
the need arise. Air Force Medical Service has 
conducted more than 30 AME missions since 
1985, and evacuated more than 80 patients. 
This capability has allowed our soldiers, 
airmen and sailors to train and execute their 
missions beyond Singapore’s shores, with the 
firm assurance of timely access to advanced 
military medical care.

LOOKING AHEAD – AEROMEDICAL 
SUPPORT IN ThE FUTURE

The next bound of aeromedical support 
for our air force will be shaped by the evolving 
texture of modern and future air warfare, 
as well as the rapid advancement of military 
aviation technology. For instance, the progress 
toward the fifth-generation fighter jets will 
pose new challenges to its aircrew. Besides the 
physiological challenges (e.g. G-forces) that 

A Medical Officer and Medic monitoring a simulated casualty on board the Super Puma helicopter during a SAR 
exercise.
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accompany faster and more manoeuvrable 
aircraft, aircrew will also be placed under 
increased cognitive loads. With improved 
avionics systems and advanced technologies, 
newer aircraft will have excellent capabilities 
for information acquisition, but the aircrew 
will be required to assimilate and make sense 
of the information, in order to make a decision 
within seconds to maximise the success for 
the prosecution of the mission. New and novel 
ways of training will be required to enable 
the aircrew to effectively manage data from 
multiple sources, prevent cognitive overload, 
sense-make and utilise the information 
effectively in the heat of the mission.

Another expected major change will be 
the increased utilisation of Unmanned Aerial 
Vehicles (UAVs), with Air Forces around the 
world moving towards unmanned platforms. 
UAVs are currently being utilised for many 
purposes, for example reconnaissance, and 
has much potential for expanded roles. This 
will pose unique challenges to the UAV pilots. 
Moreover, studies of UAV pilots in other Air 
Forces have revealed that although they are 
not at risk of physical injury, the nature of their 
work renders them prone to psychological 
issues such as emotional distress and Post-
Traumatic Stress Disorder.10 

Developments in the geopolitical land-
scape, conventional and non-conventional 
threats, and new and emerging aviation 
technological capabilities will all contribute to 
shape the mission of the RSAF in the future. 
Aeromedical support to our airmen and the 
Air Force must be pre-emptive, responsive 
and adaptive to address the challenges to 
come. To this end, tight ops-medical integration 
will ensure that paradigm changes in the 
development of our aeromedical capabilities  
of the future remain relevant, timely and key  
to mission success.
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SAF MEDICAL TRAINING INSTITUTE – 
SAVING LIVES SINCE 1966

By COL(DR) Lo Hong Yee & ME6 Daniel Chia

ABSTRACT

Since its inception in 1966 as the Medical Orderlies Training School (MOTS), the SAF Medical 
Training Institute (SMTI) has been training and nurturing our people to the highest standards to 
set them up for success. Today, SMTI stands tall because of the achievements of our pioneers as 
we continue their legacy of saving lives and providing comfort and care to the wounded and the 
sick in the defence of our nation. Like our forebears, SMTI will continue to train our people to be 
technically competent and to have strong values so that they can be proud of their contributions 
and be powerful advocates for the Singapore Armed Forces (SAF) and Singapore. 

THE EARLY YEARS

The story of the SAF Medical Training 
Institute (SMTI) began in 1966, following 
the birth of our nation.  With Singapore’s 
independence in 1965 came the immediate 
need for Singaporeans to build up a strong 
defence force to safeguard our nation’s 
sovereignty. The critical need for soldiers 
to be trained as medics to provide medical 
support in the defence of a newly independent 
Singapore saw the introduction of military 
medical education through the establishment 
of the Medical Orderlies Training School 
(MOTS). MOTS was set up at Beach Road 
Camp in May 1966 by LTA S. T. Moorthy, a 
nursing officer who had initially served under 
the British Army Medical Corps. At the time, 
the SAF had only two infantry battalions: 1 
Singapore Infantry Regiment (SIR) and 2 SIR.  
Hence, the medics who graduated from MOTS 
were mainly deployed to serve the medical 
needs of these two battalions.

With the introduction of National Service 
(NS) in 1967, decision was made to set up the 
School of Military Medicine (SMM) and LTA 
Moorthy was transferred to the SAF Training 
Institute (SAFTI) at Pasir Laba Camp to lay the 
groundwork for SMM, a two-storey building, 

which was ready to function in February 1968 
and officially opened in April by the then 
Minister for Health, Mr Chua Sian Chin.

The first Commanding Officer (CO) of SMM, 
CPT(DR) Roy Paul from 2 SIR, worked with LTA 
Moorthy by literally starting from scratch as 

they developed and planned lessons as well 
as conducted courses for medical officers and 
medics during SMM’s formative years. He 

eventually rose through the ranks to become 
the first Chief Medical Officer (CMO) of the 
then HQ Medical Services (HQMS) while his 
deputy became CO SMM.   
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“We formulated, planned and conducted 

our own courses for medical orderlies 

and medical  officers. It was satisfying 

to see these programmes being 

implemented, and that they were useful 

and effective in training these men for 

important roles such as theirs.” 

- LTC(ReT)(DR) Roy Paul, CMO HQMS 

(1974-1976)

“It was one of the most exciting phases 

of my life, because I was involved in 

building up something out of virtually 

nothing. I became so engrossed with my 

work, often staying up past midnight at 

home working on the lectures, lesson 

plans and formats for all the courses.” 

- CPT(ReT) S. T. Moorthy, CO SMM 

(1971-1978)

As the SAF grew and more battalions were 
formed, the demand for medical officers and 
medics increased. Hence, SMM saw itself 
expanding and shifting to larger premises 
within SAFTI. In those initial years, SMM 
moved twice, in 1970 and in 1972, from the 
small double-storey building with trainees’ 
accommodations on the upper floor and 

classrooms on the ground floor to finally 
acquiring sufficient space to have ‘its own 
general, medical, BCS stores, nine training 
sheds and a set of lecture rooms.’1   

THE JOURNEY TOWARDS  
EXCELLENCE

Due to SMM’s need to further expand 
its training capabilities to meet the growing 
healthcare needs of the SAF, it moved out of 
SAFTI to Ulu Pandan Camp in 1990. There, 
the Advanced Trauma Life Support (ATLS) 
course accredited by the American College 
of Surgeons (ACS) was introduced to medical 
officer training in 1992 and the Paramedic 
Training Programme was inaugurated in SMM 
under the auspices of the Paramedic Academy 
of the Justice Institute of British Columbia 
(JIBC) in 1996.2   It was at Ulu Pandan Camp 
that SMM became the first ATLS Training 
Centre in Asia and the national institution 
responsible for paramedic training, teaching 
trainees from the SAF as well as the Singapore  
Civil Defence Force (SCDF).  

In 2002, SMM shifted to Nee Soon  
Camp to be under one roof with the HQ Medical 
Corps (HQMC) and the HQ Army Medical 
Services (HQ AMS).  In its continuous strive for 
excellence in the delivery of military medical 
education, SMM was reorganised into the SAF 

Combat medic training during the early years. 
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Medical Training Institute (SMTI) in 2006 and 
in the following year, established its Medical 
Skills Training and Simulation Centre (MSTSC) 
which was officially opened by the then Chief 
of Defence Force, LG Ng Yat Chung.3   

Not resting on its laurels, SMTI continued 
to seek new ways to enhance its teaching 
pedagogies and infrastructure to allow its 
trainees to hone their life-saving skills. The 
MSTSC concept was refined to incorporate 
wireless computer-controlled manikins and a 
new variety of realistic environments at the 
Medical Simulation Training Centre (MSTC) 
which was inaugurated in August 2012 by  
the Minister for Defence, Dr Ng Eng Hen.4 

To enhance the continuous learning 
opportunities for SAF and SCDF paramedics, 
SMTI spearheaded the National Paramedic 
Training and Education Roadmap which was 
launched in October 2015 by the Minister 
for Education (Higher Skills and Education) 
and Second Minister for Defence, Mr Ong 
Ye Kung.  The roadmap articulates the 
vision of ‘Paramedicine led by Paramedics’, 
to transform them ‘From Technicians to 

Clinicians’. It charts the many pathways 
paramedics can take to pursue professional 
upgrading and was launched with the signing 
of a Memorandum of Understanding (MOU) 
to cement the collaboration between the  

The inaugural ATLS course conducted by SMM at Ulu Pandan Camp in 1992 was the first in Asia.

The pioneer batch of SCDF paramedics who graduated from SMM at Ulu Pandan Camp in 1998. They are seen here with 
their SAF and SCDF instructors. 
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The official opening of SMTI’s MSTC by the Minister for Defence, Dr Ng Eng Hen in 2012. 

The launch of the National Paramedic Training and Education Roadmap and the signing of the MOU for Paramedic Training 
and Education between the SAF, SCDF, ITE, NYP, UniSIM and JIBC in 2015.
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SAF, SCDF, Institute of Technical Education 
(ITE), Nanyang Polytechnic (NYP), SIM 
University (UniSIM) and JIBC.5 

SMTI TODAY

Today, SMTI continues to innovate and 
seek improvements to serve the learning 
needs of our trainees in order to support the  
healthcare requirements of the SAF. The 
trident or three-pronged spear aptly illustrates 
SMTI’s three key thrusts of Ready, Resilient 
and Respected in military medical education.

(1) Training to be Ready  

SMTI serves as a vocational school charged 
with the training of our medics who are at the 
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front-line of the SAF medical support system.  
Often, our medics are the first responders 
on the scene to resuscitate and evacuate 
casualties to the next echelon of care. SMTI 
ensures that every medic is Ready to take on 
the challenging task of saving people.  Many of 
the medic trainees are lay people with varied 
educational qualifications from non-medical 
fields. In a matter of weeks, SMTI will transform 
them into medics who can work well under 
stressful circumstances to save lives.  

SMTI ensures that every 
medic is Ready to take on 

the challenging task of 
saving people.
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SMTI’s three key thrusts represented by the trident 

SM
TI

(2) Training to be Resilient

SMTI is also where the art and the science 
of leadership are imparted to military medical 
leaders of the SAF. In trying and uncertain 
times, people look to their leaders for strength, 
direction and purpose. While every soldier 
needs to be strong, the leader must have the 
added fortitude to press on in the darkest 
of hours. This ability to overcome adversity 
is then transmitted from leader to men, 
and a Resilient medical unit speaks volumes  
of the quality of its leadership. At SMTI,  
our medical officers as well as military medical 
experts and specialists are trained in the 
professional aspects of military medicine and 
groomed to become leaders worthy of their 
men and women.  

(3) Training to be Respected

SMTI provides training for our medical 
units so they can be Respected. Besides 
active personnel, SMTI trains volunteers 
from the SAF Volunteer Corps (SAFVC)  
and Operationally Ready National 
Servicemen (NSmen) all of whom have  
to put aside their work and family 
commitments to come for In-Camp Training 
(ICT). In addition to medical skills training, 
each ICT is designed to be meaningful, 
tough and realistic to bring out the best in 
them, so that at the end of the training or  
each successful medical mission, they  
return to their work places and families 
Respected for their contributions and strong 
commitment to defence.  

SMTI gets our medics Ready to save lives. 
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OUR PARTNERS – BEYOND SMTI

Medical training does not end with SMTI.  
The need for Continuing Medical Education 
(CME) cannot be over emphasised.  To achieve 
the best possible outcome in continual learning 
and in saving lives, SMTI partners with various 
organisations and institutions.

SMTI builds Resilience in our military medical leaders through realistic and tough training.

Like their active counterparts, NSmen and SAFVC volunteers trained by SMTI earn Respect through their  
commitment and contributions. 

SM
TI

(1) Military Medicine Institute (MMI)

SMTI partners with MMI to ensure that 
our medics and medical officers continue 
to hone their skills after graduation from 
SMTI. Medical emergencies are uncommon in 
the SAF due to a robust safety management 
system and a young military population. 
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On-site medical simulation and evaluation of medical personnel by MobileMET.

This results in medical personnel not getting  
much practice in handling life-threatening 
medical emergencies which can potentially 
lull them into a false sense of security. 
As part of CME, our medical centres are 
required to carry out individual and team-
based resuscitation drills during their 
mandatory Protected Training Time (PTT) 
twice every quarter. To ensure that all 
medical personnel are constantly ready  
to save lives, the Mobile Medical Evaluation 
Team (MobileMET) comprising educators 
and evaluators from both SMTI and MMI, 
conducts on-site medical simulations and 
evaluations at the various camps and bases. 

(2) Basic Military Training Centre

SMTI partners with Basic Military Training 
Centre (BMTC) to equip every recruit with 
basic life-saving skills.6   While there are medics 
to rely on, nothing beats having a buddy 
nearby who can immediately respond when 

SM
TI

a soldier is in distress. Already, the initiative 
to train all our soldiers in Cardio-Pulmonary 
Resuscitation (CPR) and Automated External 
Defibrillation (AED) has seen positive results 
where non-medics are able to save lives. As 
part of their fundamental soldiering skills, all 
recruits are also taught how to provide first aid 
to their injured buddies through the medical 
immediate action drill.

(3) Strategic Partners for Professional 

Standards

SMTI partners with the SCDF, Ministry of 
Health (MOH) Unit for Pre-hospital Emergency 
Care (UPEC), Ministry of Education (MOE), 
Workplace Development Agency (WDA) as 
well as vocational and academic institutions 
like JIBC, ITE, NYP and UniSIM to maintain a 
high level of professional standards for pre-
hospital emergency care. This ensures that 
our people’s qualifications are accredited at 
the national level and the care we provide 
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are of the highest standards.  Our people are  
our greatest asset. We invest in them so that 
after they transit into their civilian roles, their 
skills and qualifications acquired from SMTI will 
still be useful and recognised beyond NS and  
the SAF. 

SMTI TOMORROW

2016 marked the 50th Anniversary for 
SMTI. 50 years is a long time and it may even 
lull people into the delusion of permanence. 
Yet, we know that 50 years in the grand 
scheme of things is but a blink. Humbled with 
that perspective, SMTI embarked on a project 
to clarify its mission amidst the changing 
operating environment, to define the Spirit of 

SMTI and also to renew the resolve to pursue 
better ways to fulfil our mission. To stay 
relevant, SMTI must focus on the following 
three key aspects.

SMTI’s primary mission is 
to save lives through the 

quality training it delivers. 
What has changed is the 

security environment 
which necessitates training 

to meet healthcare  
needs throughout the 
peace-war continuum. 

Me3 Silvakumar who administered CPR to an  
unconscious elderly man during a fire-walking event. 

While preparing for a badminton game, LTA Teoh Seng Hong responded to a male cardiac arrest victim and applied CPR to 
save the man’s life. 

NSF medics 3SG Fahmi (in uniform) and 3SG Zulfadli 
(wearing cap) attended to an injured elderly lady at Yishun 
MRT Station.
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(1) Saving Lives

This has not changed. SMTI’s primary 
mission is to save lives through the quality 
training it delivers. What has changed is the 
security environment which necessitates 
training to meet healthcare needs throughout 
the peace-war continuum. What has also 
changed is that life-saving is no longer the 
exclusive privilege of medical personnel. The 
medic to soldier ratio approximates at 1:30. 
The buddy to soldier ratio is 1:1. Such is the 
life-saving potential of the SAF whereby 
every buddy is a life-saver in the SAF and 
the community. The enemy is less defined, 
will strike unexpectedly and will attack 
soft targets. Hence, continual efforts must 
be placed on strengthening the soldiering 
fundamentals, including life-saving skills. 
Every time the SAF saves a life, it validates 
our readiness and makes Singapore an 
unfavourable target to potential terrorists. 
Every aid rendered or every life saved by 

the SAF reinforces the trust that the nation 
places on us and adds to our value in peace.7 

(2) Collaboration 

SMTI must continue to look beyond itself  
in order to achieve its mission to save lives.  
Within the SAF, SMTI must collaborate with 
MMI and ground units to ensure that medics 
and medical officers constantly hone their 
skills. This can only be achieved through a  
close partnership that provides updated 
curriculum, quality training material and 
necessary expertise. In addition, it must 
collaborate with BMTC to ensure that buddy aid 
lessons continue to be engaging and relevant. 
Outside of the SAF, SMTI must continue to 
collaborate with SCDF so as to cross-pollinate 
and raise the standards of paramedicine 
both in the military and the civilian settings. 
SMTI has and must continue to partner with 
the educational institutions both locally and 
overseas to benchmark our courses, so that 
the certifications received by our people 
during military service will be recognised by 

CPL Kenneth Tan with the child he rescued from the bottom of a condo pool. His prompt action and CPR skills saved her life. 
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the industries. It is through collaboration, 
cross-pollination and learning from others 
that SMTI can continue to deliver the best 
lessons for our life-savers.  

(3) Training Transformation

Today’s soldiers are more tech-savvy, 
inquisitive and innovative because they 
are the product of Singapore’s world-class 
educational system which equips students 
with ‘critical competencies to succeed in 
a knowledge-based economy.’8 Properly 
harnessed, the collective potential of the 
new generation will bring the SAF well into 
the future as a formidable fighting force.  The 
learner-centric culture advocated by SAFTI MI 
to encourage ‘Thinking Soldiers’ through the 
‘journey of self-discovery’ continues today 
as SMTI embarks on the LEARNet journey to 
harness the power of technology by equipping 
every learner with a tablet computer to access 
courseware from the LEARNet portal and 
search the internet for relevant information 
to enhance their learning experience.9   

As part of the SMTI’s Curriculum 
Transformation Exercise (CTX), two state-
of-the-art smart classrooms, which are 

named after SMTI’s pioneers Roy Paul and S. 

T. Moorthy, have recently been completed. 
Together with the application of the latest 
teaching pedagogies acquired from the 
National Institute of Education (NIE), SMTI 

educators will be able to facilitate learning 
that is more interactive to engage the new 
generation of learners. To continue to be 

relevant, SMTI will constantly seek feedback, 
explore new ways to enhance training realism 
and review its teaching methodologies to 
achieve the desired learning outcomes. 

OUR COMMITMENT - OUR WORD

SMTI is committed to the highest 

standards of training to nurture our people 

and set them up for success. We train our 

people to be technically competent and to 

have strong values so that they can be proud 

of their contributions and be powerful 

advocates for SAF and Singapore. The SAF 

Medical Corps’ motto is ‘To Seek, To Save, 

To Serve’.  This is inculcated in every SMTI 

trainee as we train each and every one of 

them To Seek excellence, To Save lives and 

To Serve the SAF.  

We train our people to 
be technically competent 
and to have strong values 
so that they can be proud 
of their contributions and 

be powerful advocates 
for SAF and Singapore.

CONCLUSION

We in SMTI stand tall because of the 

achievements of our forebears as we 

continue their legacy of saving lives and 

providing comfort and care to the wounded 

and the sick in the defence of our nation. Our 

pioneers had run a good race and it is now 

our turn to carry the torch, as well as SMTI’s 

trident to ensure that our life-savers are 

Ready, Resilient and Respected. We continue 

our run towards excellence to live up to the 
Spirit of SMTI: So They May Live.
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FORCE MEDICAL PROTECTION IN THE SAF 
By LTC(DR) Idu Jion, CPT(DR) Andrew Tan & CPT(DR) Sean Ong Wei Xiang

ABSTRACT

Force medical protection in the military has been a well-established concept since antiquity. 
Force Medical Protection Command (FMPC) is committed to medical protection against chemical, 
biological, radiological and occupational health hazards, with the end goal of enhancing the 
Singapore Armed Forces’ (SAF) operational readiness. FMPC has adopted three key thrusts – 
comprehensive prevention, early detection and effective medical response against chemical, 
biological and radiological (CBR) threats. The Biodefence Centre (BDFC) identifies and institutes 
appropriate interventional measures for biological threats. It also manages infectious disease 
outbreaks and ensures that environmental and public health standards are maintained.  
The Medical Response Force (MRF) provides frontline medical support to SAF troops during  
CBR incidents. The key accomplishments of FMPC include eliminating Malaria risk from Pulau  
Tekong in 2007, formulating the SAF pandemic response plan during the 2009 H1N1 outbreak in 
Singapore and managing the Zika virus outbreak in August 2016. Partners such as the Centre for 
Infectious Disease Epidemiology and Research (CIDER) also contribute to the SAF’s ability to diagnose, 
detect and respond to infectious disease and biological threats. The evolving complexity of the 
operating environment requires FMPC to remain vigilant and at the forefront of its field through 
research and development and collaborations with partner military and non-military organisations. 

INTRODUCTION 

Force Medical Protection is an important 
aspect of the military, aimed at safeguarding 
the health of our soldiers, minimising non-
combatant losses and thereby optimising our 
operational capabilities. The concept of Force 
Medical Protection is not a new one. It has 
been in practice in ancient militaries such as 
that of the Roman Empire which, as early as the 
first two centuries already had a professional 
medical corps ‘to ensure the general health of 
the soldier by a continuous stress of hygiene.’1  
The effect is evident from the success of 
the Roman armies and contrasted with the 
disastrous casualty rates due to disease 
transmission in both the French and British 

armies during the start of the Crimean War.2 
With the increase in non-conventional threats 
that we face today, Force Medical Protection  
is even more important.

CHEMICAL,  BIOLOGICAL,  
RADIOLOGICAL AND EXPLOSIVE 
(CBRE) THREATS AND FORCE 
MEDICAL PROTECTION

Current Threats to the SAF

Warfare in the 21st century has represented 
a new paradigm in stark contrast to wars of 
the recent and distant past. Since the shock 
of the September 11 attacks at the dawn of 
the new century, governments and security 
agencies all over the world have adjusted 
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their priorities, with a new focus on non-
conventional threats. The increase in ease 
of access to weapons of mass destruction, 
combined with the proliferation of subnational 
and international terrorist organisations, has 
resulted in a heightened risk of populations 
being exposed to CBR threats, even during 
a peacetime setting. To address this, the 
Chemical Biological Radiological and Explosives 
Defence Group (CBRE DG) within the SAF was 
inaugurated in October 2002 to build up the 
SAF’s capability to deal with a broad range of 
security threats.

On top of looming security threats, the 
21st century has also brought with it changing 
patterns of infectious diseases. Globalisation 
has continued at an unfettered pace, bringing 
different countries closer with increasing 
connections and interactions between 
populations. This has result in rapid the spread 
of infectious diseases during pandemics, such 
as the Severe Acute Respiratory Syndrome 
(SARS) and the Middle East Respiratory 

Syndrome Coronavirus (MERS-CoV). Even 
diseases previously known to be localised in 
certain continents, such as Ebola, have spread 
beyond Africa to become a serious global 
threat. There is therefore a need for adequate 
resources and capacity to handle such threats.

The increase in ease of 
access to weapons of mass 

destruction, combined 
with the proliferation 

of subnational and 
international terrorist 

organisations, has resulted 
in a heightened risk of 

populations  
being exposed to CBR 
threats, even during a 

peacetime setting.

The Explosive Ordnance Disposal team from the CBRE DG rendering the Improvised Explosive Device safe in the Singapore 
Sports Hub during Exercise Northstar 9.
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INTRODUCTION TO FORCE MEDICAL 
PROTECTION COMMAND AND ITS 
ROLE IN COMBATING CURRENT 
THREATS

FMPC was established in 2008 and brought 
together the Preventive Medicine and CBRD 
(Chemical, Biological and Radiological Defence) 
Branches from Headquarters Medical Corps 
(HQMC) and the Medical Response Force (MRF) 
from the SAF Medical Training Institute (SMTI). 
This unified command was entrusted with 
the mission of providing medical protection 
against chemical, biological, radiological and 
occupational health hazards, with the aim of 
enhancing the SAF’s operational readiness. 

Biodefence Centre

One of the Biodefence Centre’s (BDFC) 
primary roles is to identify biological threats 
that the SAF may encounter in peacetime 
operations, and instate the appropriate 
interventional measures. The aim is to reduce 
the incidence of infectious diseases and ensure 
force preservation. 

BDFC is responsible for monitoring 
infectious diseases within the SAF, as well 
as managing infectious disease outbreaks. It 
also develops vaccination, screening and pre-
deployment policies and advisories. BDFC 
works closely with strategic partners such 
as Clinical Diagnostic Services Laboratory, 
Defence Science Organisation (DSO) National 
Laboratories and the CIDER, National University 
of Singapore to collaborate on research and 
development efforts to enhance the SAF’s 
biosurveillance and biodefence capabilities. 
CIDER was established in 2011 in conjunction 
with the National University of Singapore’s Saw 
Swee Hock School of Public Health, to conduct 
epidemiological research related to the SAF. To 
this end, it has played a pivotal role in enhancing 
the SAF’s early warning biosurveillance system. 

BDFC also ensures that environmental 
and public health standards are maintained 
at the highest level throughout the SAF. This 
includes the conduct of comprehensive camp 
audit inspections, especially with regard 
to vector control to mitigate the ongoing 
threat of arboviruses (e.g. Dengue, Zika and 

The SAF Team meeting with the Commanding Officers of USNS Mercy and Ex Pacific Partnership Mission leaaders. As part of 
our contribution to Pacific Partnership, the SAF team was in Timor Leste to provide primary medical and dental healthcare 
and to engage the Timorese to build capability in preventive medicine, infection control and laboratory diagnostics. 
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Chikungunya). A significant achievement for  
the SAF was the successful elimination of 
Malaria in Pulau Tekong in 2007. The SAF 
developed and implemented the Four Rings 
of Defence which comprised: (1) Prevention 
of Import of Malaria (8-week quarantine 
on return from Malaria endemic countries), 
(2) Prevention of Human to Mosquito 
Transmission (Early Detection Protocol and 
Vector Surveillance and Control system), 
(3) Prevention of Mosquito to Human 
Transmission (Vector Surveillance and Control 
system Personal Protection Measures); and 
(4) Arrest of Cycle of Transmission (Malaria 
Contingency Plan).3 

Medical Response Force

MRF is an elite medical unit that was  
formed in 2002. It is a High Readiness Core 
(HRC) unit of specially trained combat medics 
and medical officers. The MRF is responsible 
for providing medical support to SAF troops 
during CBR incidents. An MRF response team 
is capable of not only providing a level of 

medical care equivalent to a standard Battalion 
Casualty Station, but also CBR-specific 
decontamination and treatment capabilities. 
This unique capability allows the SAF to 
respond more effectively to non-conventional 
threats, and more importantly, preserve the 
lives of our soldiers. 

Although MRF’s main role is to support SAF 
troops, the MRF is also operationally ready to 
respond to national level CBR incidents as part 
of the wider Singapore Civil Defence Force 
(SCDF) response when activated. Notably, 
MRF has been tasked to provide CBR medical 
support for major national events such as 
National Day Parade. The MRF also provides 
CBR medical training to selected SAF medical 
centre personnel.

Comprehensive Framework of Early 
Warning, Protection, Detection and 
Diagnosis, Containment and Recovery

FMPC’s approach to CBR threats is organised 
within a comprehensive framework of five key 

The Medical Response Force Platoon administering treatment on the casualties affected by the nerve agent during Exercise 
NorthStar 9.

M
IN

D
EF



62      Force Medical Protection In The SAF

thrusts, namely Early Warning, Protection, 
Detection and Diagnosis, Containment and 
Recovery. These five key thrusts also represent 
the different response phases to emerging 
threats and outbreaks and guide our research 
and development roadmap.

Early Warning systems comprise 
comprehensive surveillance programmes 
such as the Acute Respiratory Infections 
biosurveillance programme to monitor disease 
trends which may signal potential outbreaks 
such as the 2009 H1N1 outbreak. This is 
essential at the SAF level, and also serves to 
monitor disease trends at the national level. 

FMPC’s approach to 
CBR threats is organised 
within a comprehensive 
framework of five key 
thrusts, namely Early 
Warning, Protection, 

Detection and Diagnosis, 
Containment and Recovery.

Protection is another key thrust of this 

framework, which serves to prevent and 

mitigate disease spread. For example, the 

Annual Influenza Vaccination Exercise has 

resulted in an estimated 80% reduction in 

influenza infections and helped to reduce 

operational and training downtime.

The detection and diagnosis of CBR threats 

helps to identify unknown or novel threats early, 

so that specific and treatment, containment 

and recovery measures can be instituted (some 

of which may also be time-critical), so as to 

limit the impact of the outbreak. 

RESPONDING TO THE CHALLENGES OF 
EVOLVING THREATS, NOVEL DISEASE 
OUTBREAKS AND SUCCESSFUL 
EFFORTS AT MITIGATING EPIDEMICS

The Zika virus outbreak in August 2016 
is a good example of how BDFC manages 
emerging infectious disease threats with the 
aim of force protection and preservation. 
After the notification of the first case of 
Zika virus infection in an SAF serviceman, 
immediate containment and response 
measures were taken to mitigate the impact 
of Zika virus in our SAF camps. This included 
a review of medical records to conduct a 
‘look-back’ screening of possible Zika cases 
within the same camp, environmental audits 
of affected camps, enhanced vector control 
measures, and education of outreach to all 
commanders and servicemen. 

These responses built upon the already-
existing capabilities developed over the years 
in managing the dengue virus as outlined in 
the SAF vector control plan. As such, BDFC 
was able to successfully prevent the spread 
of Zika virus within the SAF camps. This in 
turn contributed to the national efforts 
of curbing the spread of the Zika virus. 
This outbreak emphasised the importance 
of developing the relevant contingency 
response plans, so as to respond swiftly to 
new emerging threats.

PREPAREDNESS PROGRAMMES 
AGAINST NOVEL DISEASE 
PANDEMICS

To achieve this goal, BDFC has 
developed the SAF contingency response 
plans to Influenza pandemics and has also 
implemented pandemic preparedness 
programmes for Medical Centres to deal with 
outbreaks. The contingency plans outline 
different levels of preventive and mitigation 
measures that have to be taken in response 
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to different Disease Outbreak Response  
System Condition (DORSCON) levels. The 
SAF pandemic response plan was called into  
action during the 2009 H1N1 outbreak in 
Singapore which also affected SAF camps 
and personnel. During the outbreak, 
BDFC implemented measures such as ring  
prophylaxis and pandemic vaccination to 
contain the outbreak and maintain the 
operational readiness of the SAF.4  

When the threats of MERS-CoV and 
Ebola virus emerged on the global front, 
BDFC reviewed these preparedness plans, 
and enhanced surveillance and containment 
measures at all medical centres. Interventions 
ranging from comprehensive screening (e.g. 
cohorting and management of servicemen 
presenting with febrile respiratory illnesses), 
environmental decontamination (hygiene and 
disinfection), to ensuring adequate personal 
protection (respirator masks and personal 
protective equipment) were put in place. 
Simulation exercises were also carried out in 
various camps to ensure that all the staff on the 
ground was familiar with the implementation 
of these measures.

ESTABLISHMENT OF A 
COMPREHENSIVE AND INTEGRATED 
SYSTEM TO MEET THE OPERATIONAL 
REQUIREMENTS OF THE SAF

Way ahead, with a strong force medical 
protection framework in place, BDFC will 
continue to collaborate with our partner 
agencies such as CIDER and DSO to 
establish a comprehensive and integrated 
biosurveillance and biodefence system to 
handle any emergent infectious disease 
threats. Early warning systems will be built 
into the frontline medical centres through 
automated natural language processing 
algorithms in the clinical management 
system (Patient Care Electronic System - 
PACES), to detect unusual patterns in disease 
burden and distribution. This system, 

coupled with regular surveillance systems 
to monitor respiratory and gastro-intestinal 
pathogens, will trigger early warning of 
potential outbreaks or novel pathogens. 

Way ahead, with a 
strong force medical 

protection framework 
in place, BDFC will 

continue to collaborate 
with our partner 

agencies such as CIDER 
and DSO to establish 
a comprehensive and 

integrated biosurveillance 
and biodefence system 
to handle any emergent 

infectious disease threats.

The MRF Decontamination Deployable Rapid Assembly 
Shelter (DRASH), with a medic in the MOPP-4 in front, and 
another in a water impermeable protective suit behind. 
The yellow bins are for biohazardous materials, such as the 
casualties’ contaminated clothings.
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Interventions can then be implemented 
immediately to ensure force protection 
and limit the spread of potential outbreaks. 
Rapid diagnostic capabilities can identify 
specific causative pathogens early. Hence, 
tailoring the interventions is required to 
stop the pathogen and improve treatment 
outcomes. Over the years, BDFC has built 
up and translated research capabilities for 
rapid Polymerase Chain Reaction (PCR) 
sequencing technologies to DSO, with the 
establishment of the Clinical Diagnostic 
Services Laboratory, which can use PCR 
sequencing to identify specific pathogens 
with rapid turnaround time. 

RISE OF GLOBAL TERRORISM AND 
NON-CONVENTIONAL WARFARE

In the light of increasing security 
uncertainty, ongoing conflicts with evidence 
of possible CBR agent use, and the new global 
norm of threatened peace, the preparation for 

a CBR incident response has to be stepped up 
to serve the SAF and also Singapore. 

This has resulted in a conceptual shift 
in the way MRF deals with CBR threats. The 
MRF’s concept of operations has been revised 
to enable MRF to respond faster and to meet 
different operational requirements. There 
is a greater need to ensure an integrated 
response against CBR threats, requiring SAF 
units and external agencies to work together 
during the management of a CBR incident. 
In addition, soldiers will need to be better 
prepared for CBR incidents, which includes 
enhanced personal protection as well as self 
and buddy aid.

The use of chemical warfare agents in 
terrorism first gained prominence following 
the Sarin attacks in Matsumoto city (1994) 
and the Tokyo subway system (1995) causing 
up to 5,500 injuries and 12 deaths.5  This was 
subsequently followed by the 2001 anthrax 

Decontamination of a simulated chemical casualty by a Medical Response Force Medic in a water impermeable protective 
suit.
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attacks in the United States which led to 
5 fatalities. While there has not been any 
major CBR terror attacks since then, chemical 
weapons have been used in the ongoing 
conflict in Syria (2011-present).6  As such the 
MRF will need to remain vigilant and ready 
to respond as part of the SAF integrated CBR 
response force when the need arises.

THE WAY FORWARD – FORCE  
MEDICAL PROTECTION 

Enhanced Detection, Diagnosis, and 

Response through Research and 

Development

Continual research and development 
with our partner agencies CIDER and Clinical 
Diagnostic Services Laboratory (CDSL) will 
ensure that the SAF remains at the forefront 
of force medical protection. This article spans 
the entire spectrum of the comprehensive 
framework from early warning and detection 
to containment and response. In the area 
of detection and diagnosis, there is work 
being conducted on the development of 
rapid diagnostic techniques using genetic 
sequencing to rapidly identify and diagnose 
specific toxins and causative pathogens for a 
wide range of different medical conditions. 

There is a greater need 
to ensure an integrated 
response against CBR 
threats, requiring SAF 

units and external 
agencies to work together 
during the management 

of a CBR incident.

This continued focus on research and 
development ensures that the SAF enhances our 
capabilities and improves our responses to all 
types of emerging threats.

CONCLUSION

With the new environment of naturally 
occurring, accidental or intentional CBR threats 
as a new norm, force medical protection has 
become even more important to ensure the 
well-being and operational readiness of our 
soldiers. This will ensure that the SAF is ready 
to respond to a wide spectrum of threats. 
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