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Introduction

The use in medicine of the Systéme international d’Unités (SI)
developed by the Conférence générale des Poids et Mesures was
endorsed by the Thirtieth World Health Assembly in May 1977 (the
full text of resolution WHA30.39 is reproduced on the inside of
the front cover). The resolution also called for the World Health
Organization to prepare “a succinct, simple, and authoritative
account of the SI” for use in the health professions.

This is that account. The main text is divided into 5 parts. The
first part is a description of the Sl covering the entire system, and
not merely those units that are of concern to the health profes-
sions, while the second deals with the practical application of SI
units in general medical practice and certain medical specialties.
The third part, which covers standardization of laboratory report-
ing, is not part of the Sl itself, but summarizes recommendations
that have been made for implementing it, principally in clinical
chemistry. Part 4 consists of tables of equivalent values in tradi-
tional units and S| units for the more important tests, and Part 5
lists conversion factors. The book is designed for all members of
the medical and allied| professions—physicians in general prac-
tice, specialists, nurses, laboratory technologists, and pharma-
cists, to name but a few—as well as for students in training for
any of these professions. However, to avoid undue complexity
some of the more limjted applications of the Sl in medical re-
search have not been included.

The book is a factuhl description of the Sl and of the recom-
mendations that have been made for implementing it. It does not
treat the issue of whether or not the change to Sl units should be
made: the factors involved in that issue have been discussed at
length in the literature and were taken fully into consideration
by the delegates to theé Thirtieth World Health Assembly when
they unanimously endorsed the use of the SI. Nor does the book
give recommendations on how to make the change to Sl units;
guidelines on this subject will be published separately.

Itis hoped that this authoritative description of the SI, approv-
ed by the principal international organizations that are involved,
will simplify the transition to the new system and thus help to
implement a truly international language of measurement, break-
ing down barriers to th¢ exchange of health information through-
out the world.




Abbreviations

The following abbreviations for the names of organizations
are used in this publication:

BIPM Bureau internationai des Poids et Mesures

CGPM Conférence générale des Poids et Mesures

CIPM Comité international des Poids et Mesures

ICRU International Commission on Radiation Units and
Measurements

ICSH International Committee for Standardization in
Hematology

IFCC International Federation of Clinical Chemistry

IUB International Union of Biochemistry i

IUPAC International Union of Pure and Applied Chemistry

Decimal marker

Throughout the tables, the comma is used as the decimal
marker (“decimal point”). This makes it possible to use the same
tables in versions of the booklet in languages other than English,
avoiding costly resetting of the type and thus greatly reducing
both the cost of the booklet and the possibility of error. (As noted
in the text, many international organizations have indicated a
preference for the comma.)



1. What is the SI?

The Sl is the culmination of over a century of international
effort to develop a universally acceptable system of units of mea-
surement. The great expansion in world trade and exchange of
scientific information following the Second World War gave
added impetus to the development of such a system, and in 1954
the units that were to form its basis were adopted by the inter-
governmental Conférence générale des Poids et Mesures'
(CGPM). In 1960 (and subsequently) the CGIPM expanded the
system, and adopted the name Systeme international d'Unités
(International System of Units) and the international abbreviation
Sl. The Sl is essentially an expanded version of the “metric sys-
tem” that has been in use since 1901.2

Structure of the SI

The SI comprises units of three types: base units, derived
units, and supplementary units. It also includes a series of pre-
fixes by means of which decimal multiples and submulitiples of
units can be formed.

Base units

Seven units have been selected to serve as the basis of the
system. These S/ base units,® as they are called, are listed in
Table 1, together with their symbols and the quantities* they
measure.

* The Conférence générale des Poids et Mesures (which now meets every four
years), its executive committee (Comité international des Poids et Mesures, CIPM),
and its permanent office and laboratory (Bureau international des Poids et
Mesures, BIPM, at Sévres, near Paris, France) are three organs of the Convention
du Métre (Metre Convention). In addition, there are seven “consultative committees”,
including the Comité consultatif des Unités, which act as advisory bodies to the
CIPM. This intergovernmental organization uses French as its only official language,
and it is for this reason that the French names are used in this publication. It
should be noted that even if the names are translated into other languages, the
abbreviations CGPM, CIPM, and BIPM do not change.

2 A brief explanation of the relationship between the Sl and previously used
systems of measurement is given in Appendix 1.

3The base units have sometimes been referred to in the literature as the
“basic” units or the “fundamental” units of the SI. This is misleading, since they
are not to be regarded as any more “basic” or “fundamental” than any other units
in the system. They simply happen to have been selected as the units on which the
system is based.

“The English word quantity has two equally correct meanings: the everyday
meaning “amount”, and the more technicali meaning “a measurable physical
property” (for example, length, height, speed, temperature, and volume are
quantities). When the scientist uses the word, he does so with the latter meaning,
and it is with this meaning that it is used in this publication.
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Table 1. Sl base units

Quantity Name of unit  Symbol
for unit
length metre m
mass kilogram kg
time second s
electric current ampere A
thermodynamic temperature® kelvin K
fuminous intensity candela cd
amount of substance mole mol

2The thermodynamic temperature scale is based on the relationship between
heat and mechanical work, and is independent of the properties of any particular
working substance, such as alcohol or mercury. It should be noted that the unit
of measurement is “kelvin”, not “degree kelvin”, and that its symbol is K, not °K.

The base units are defined very precisely, and the. constant
progress of science makes it necessary to redefine them, from
time to time, even more precisely. The definitions are given in
Appendix 2, where it is no doubt the definition of the mole that
will primarily interest members of the health professions.

Derived units

By multiplying a base unit by itself, or by combining two or
more base units by simple multiplication or division, it is possible
to form a large group of units known as S/ derived units. Thus,
to take two simple examples, the derived unit of volume is metre
cubed, or cubic metre; and the derived unit of speed is metre
divided by second, or metre per second. Examples of a few simple
derived units are given in Table 2.

Table 2. Some Sl derived units

Quantity Name of derived unit Symbol for unit
area square metre m2

volume cubic metre m?

speed metre per second m/s (or m-s™)
acceleration metre per second squared my/s? (or m-s?)
substance mole per cubic metre mol/m3 (or mol-m=3)

concentration

There are a number of rules that must be followed in writing symbols
for units. In addition, many readers may be unfamiliar with the use of
exponents as listed in the last column of Table-2. The following explana-
tion may be helpful.
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Exponents. The use of m? and m? to mean “m squared” and “m cubed”
(or “squarem” and “cubic m") respectively is familiar to everyone. Expo-
nents with a minus sign, however, may seem rather forbidding to some
readers. In reality there is nothing mysterious about the minus sign: it
merely indicates a reciprocal. Thus s means the reciprocal of s, or
1/s; 82 means the reciprocal of s, or 1/s2, and so on.

Multiplication. Multiplication may be indicated in any of three ways:
by a “dot on the line”, by a “raised dot”, or by a small space between two
symbols. Thus the symbol for metre second may be written m.s, m-s, or
m s. The use of the raised dot is preferred.

Division. Division may be indicated by a solidus (stroke), by a hori-
zontal line, or by negative exponents, as explained above. Thus the
symbol for metre divided by second (metre per second) may be written
2, m/s, or m-s™ (or mis or m s); mole per cubic metre may be written
mol/m3 or mol -m2, and so forth.

" Complex symbols. Great care must be used in writing symbois for
complex units. Too often one sees in the literature symbols such as
mg/kg/day (“milligram per kilogram of body weight per day”), which
is incorrect mathematically since there is no indication of what the

" denominator is. No more than one solidus (stroke) should ever be used

in the symbol for a unit unless ambiguity is removed by the use of
parentheses. The symbol mentioned above is ambiguous because it
could mean either mg/(kg/day) or (mg/kg)/day. In fact, it is the latter that
is intended, and it can be seen that the parentheses in (mg/kg)/day re-
move the ambiguity. However, it would be even better to write
mg-kg*-d* (d is the international symbol for “day”). In general, the use
of negative exponents is preferable in all complex symbols.

The combination of base units to form derived units illustrates
one of the main advantages of the Si. Within the system, there is
not a single conversion factor to be memorized: the formation of
the derived units does not involve any mathematical factor other
than 1 (unity). Such a system of units is said to be coherent.

A number of Sl derived units have been given special names,
most of which are the names (or are derived from the names) of
scientists who made an outstanding contribution to the field of
study concerned. The reason for assigning special names to such
units can be illustrated by an example. The S| unit of force is
defined as that force which gives, to a mass of 1 unit (1 kg), an
acceleration of 1 unit (1 m/s?, which means that the speed of the
mass increases each second by 1 m/s). The unit of force is
therefore kilogram times metre, divided by second squared,
(kg-m)/s? or kg-m-.s2 It would, however, be extremely incon-
venient to have to use such a cumbersome name and symbol,
and for this reason the Sl unit of force has been given the
simple name newton (symbol: N).

Another example, of great importance in medicine, is pres-
sure. Pressure is the action of force on an area. The Sl unit of
pressure is therefore defined as a force of 1 unit acting on an
area of 1 unit—that is, newton per square metre (N/m?). This in
turn has been given the special name pascal (symbol Pa), which
is much simpler to use. (Since the newton is kg -m-s=, the pascal
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is, in terms of base units, that factor divided by square metre, or
kg-m-s2.m=2, which reduces to kg-m--s2)

The expression of derived units in terms of base units has
been explained in some detail because it is important to under-
stand how the Sl is constructed. Although the expression of
derived units in terms of base units will sometimes be of impor-
tance in medical research, this will usually not be the case in
general medical practice. For pressure, for example, it will usually
be sufficient to remember pascal as the name of the Sl unit.

The eighteen SI derived units that have been given special
names are listed in Table 3. Only three of these units—the
pascal, the joule, and the degree Celsius—are likely to be of any
concern in general medical practice, and for this reason their
names are printed in bold-face type. (Most of the other units,
however, will be of concern to one or another of the medical
specialties.)

Table 3. St derived units with special names

Quantity Name of unit Symbol Derivation
for unit  of unit®
frequency hertz Hz st
force newton N m-kg-s?
pressure pascal Pa N/m?
work; energy; joule J N-m
* quantity of heat
power ; radiant fiux watt w Jis
electric charge; quantity of electricity coulomb o} A-s
electric potential; volt v W/A
potential difference
capacitance farad F CN
(electric) resistance ohm Q V/A
conductance siemens S AN
magnetic flux weber Wb Vs
magnetic flux density tesla T Wb/m?
inductance henry H Wb/A
fuminous flux lumen Im cd-sr
illuminance lux Ix m2.cd-sr
Celsius temperature degree Celsius °C K
absorbed dose; absorbed dose index;  gray Gy J/kg
kerma; specific energy imparted
(radiation)
activity (of a radionuclide) becquerel Bq st

2With the exception of those units that can be expressed only in terms of
base units, the derived units are expressed, in this column, in terms of other
derived units. (These units can, of course, be expressed in terms of base units;
thus, the expression for the newton can be substituted for N in the expression N- m
for the joule, giving m?- kg- s as the expression of the joule in base units, and so
on down the list.) It will be noticed that two units in this table—the lumen and the
lux—are expressed in terms of a unit (steradian) whose symbol is sr (not a base
unit); this is explained in the next section.
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With one exception, the symbols for units consist of either
one or two letters, always in roman (upright) type: they are always
written in lower-case letters unless the name of the unit is derived
from a proper name. In that case the symbol is either a single
capital letter or two letters of which only the first is a capital.
However, the names of Sl units are never written with an initial
capital letter, even when they are proper names (thus, pascal, not
Pascal). ’

Supplementary units

The supplementary units occupy a somewhat anomalous posi-
tion in that the CGPM has not decided whether they are to be
regarded as base units or derived units. There are only two
such units: the unit of plane angle, the radian (symboil: rad), and
the unit of solid angle, the steradian (symbol: sr). Just like the
base units, the supplementary units can be used to form derived
units (see, for example, the lumen and the lux in Table 3). How-
ever, neither of them is of concern in general medical practice.

Sl prefixes

For many purposes the Sl base units and Sl derived units are
inconveniently large or small (it would, for example, be inconve-
nient to use the cubic metre for the volume of blood in the human
body). To overcome this difficulty, the Sl incorporates a series of
SI prefixes, by means of which it is possible to form decimal
multiples and submuitiples of SI units. There are sixteen
such prefixes, and they are listed in Table 4.

Table 4. St prefixes

Factor Prefix Symbot for Factor Prefix Symbol for
prefix prefix

10 exa E 10" deci d

10s peta P 102 centi [ —I

10*2 tera T 10 milli m

10° giga G 10¢ micro N

10° mega M 10° nano n

102 kilo k 1012 pico p

102 hecto h 108 femto f

10 deka (US) da 1078 atto a
deca (UK)

The four prefixes printed in “boxes” do not conform to the pattern of the
others—that is, they are not obtained by successive multiplications by 10° or 103,
and there is a tendency to avoid them in scientific usage.
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When the Sl prefixes are used, they are joined directly to the
names of units, without punctuation of any kind (thus, kiloohm,
not kilo-ohm; megaampere, not mega-ampere). The same is
true of the prefix symbols, which are joined to unit symbols
without intervening space or punctuation (for example: kPa,
kilopascal; mix, millilux).

An S| prefix joined to a unit multiplies that unit by the factor
listed in Table 4. Thus the gigajoule, GJ, is equal to 10° J
(10° joules); the kilopascal, kPa, is 10° Pa (1000 pascals); the
millimetre, mm, is 102 m (0,001 metre); and the nanomole,
nmol, is 10° mol (10° mole).

The use of exponents above is similar to the usage described pre-
viously. Thus multiplication by 10° means multiplication by 10 x 10 x 10,
i.e., by 1000; multiplication by 10 means division by 1000, and so on.

When the symbol for a multiple or submultiple of a unitincludes
an exponent, the latter applies to both the unit symbol and the
prefix symbol. For example, in the symbol for cubic kilometre,
km?, the cube applies both to “kilo” and to “metre”; thus
1 km? = (10° m)® = 10° m® = 1000000000 cubic metres (not
1 k(m)® = 10° m?® = 1 000 cubic metres). Similarly, 1 cm? (1 square
centimetre) = (102 m)2 = 10 m2 = 0,000 1 m?, and 1 us™ (1 reci-
procal microsecond) = (10¢ s)*' = 10° s = 1 000 000 per second.

It will be noticed that one SI base unit, the kilogram, has a
prefix in its name. This is for historical reasons. The CIPM has
decided that the names of decimal multiples and submultiples
of the kilogram are formed by adding appropriate prefixes to the
word “gram”.

The units that are formed by means of prefixes should not be
called Sl units: the Sl units are confined to the base, derived,
and supplementary units, which form a coherent set. The result
of using a prefix is a multiple (or submultiple) of an Sl unit.

Compound prefixes must not be used. Example: use nano-
metre, nm (not “millimicrometre”, mpm).

Non-Sl units

A few non-81 units are so widely used that they are part of our
everyday lives, and in adopting the S| the CGPM retained eight
such units for general use with the SI; they are listed in Table 5.
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Table 5. Non-Sl units retained for general use with the SI

Quantity Unit Symbol  Valuein
for unit Sl units
time minute min 60s
hour h . 3600s
day d 86400s
plane angie degree ° 7T/180 rad
minute ’ 77 /10 800 rad
second " 7T /648 000 rad
volume litre | 1dm?=10°m?
mass tonne t 1000 kg

Some of these units, particularly the litre and the units of time,
are of great importance in the health professions. It should be
explained that the litre is a “special name” given to the sub-
multiple “cubic decimetre” of the Sl unit of volume. Similarly,
“tonne” 2 is a special name given to a multiple of the SI unit of
mass.

A further group of 12 non-Sl units have been accepted by the
CGPM for use with the S| for a limited time (the length of that
time will depend on circumstances: some of the units are in very
widespread use, some have already been largely superseded,
and for some a time limit has been set by the relevant interna-
tional organizations). The units of this group that may be of
concern to the health professions are listed in Table 6.

The other five units of this group are the nautical mile (no symbot),
1852 m; the knot (no symbol), approx. 0,514 m/s; the are (symbol: a),
100 m2; the hectare (symbol: ha), 10 000 m?; and the gal (symbol: Gal),
102 m/s2.

Table 6. Non-SI units accepted for use for a limited time that are of concern in the
health professions

Unit name Unit Value in St units
symbol
angstrém A 10°m (0,1 nm) -
barn b 1028 m2 (100 fm?)
bar bar 100 000 Pa (0,1 MPa)
normal atmosphere atm 101 325 Pa
curie ' Ci 3,7x 10" Bq (or 3,7 x 10" s7)
réntgen R 2,58 x 10 C/kg
rad rad or rd® 102 Gy (or 102 J/kg)

#Symbol rd if there is any danger of confusion with the symbol rad for radian.

' It has often been asserted in the medical literature that the litre is “the funda-
mental SI unit of volume”. This in untrue; the misunderstanding arises from the
fact that the litre has been widely adopted by the health professions as the unit of
volume to be used with the Sl in those professions. (It should also be reiterated
that there are no “fundamental” units in the Si: see footnote 3, page7.) ’

2 The commonly used term “metric ton” is a misnomer.
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