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Report by the Director-General 

In resolution WHA29.65, the Twenty-ninth World Health Assembly 
requested the Director-General to carry out a study of the use of SI 
units in medical practice, and of the possible effects on the 
international exchange of health information, and to report thereon 
to the Thirtieth World Health Assembly. In accordance with that 
resolution, the present report is submitted for review by the Health 
Assembly, together with a draft resolution on the subject. 
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1. INTRODUCTION 

The SI is the outcome of well over 100 years of International studies and conferences 
whose aim was to develop a single international system of units of measurement in order to 
simplify the international exchange of scientific information. A metric system introduced in 
1901 became widely used but did not meet all requirements, and the studies continued. In 
1948 the Conférence générale des Poids et Mesures (CGPM) decided to make a final inquiry and 
instructed its International Committee "to seek by an energetic, active, official enquiry the 
opinion of scientific, technical and educational circles of all countries" and "to make 
recommendations for a single practical system of units of measurement, suitable for adoption 
by all countries adhering to the Metre Convention". As a result of that study the CGPM 
adopted, in 1954, the base units of the new system. (The system was given the name "Système 
international d'Unités" and the abbreviation "SI" in 1960.) In essence the SI is an expanded 
version of the metric system that has been in use since 1901. 

The Conférence générale des Poids et Mesures, which developed and adopted the SI, is an 
intergovernmental body that is very similar in structure to the World Health Organization, and 
its recommendations on units of measurement have the same degree of authority as do those of 
the World Health Assembly on health. 

2. MATHEMATICAL SIMPLICITY OF THE SI 

One of the main objectives in developing the SI was to make it as simple as possible and 
to eliminate complicated mathematical conversions. To achieve this end, the SI units are 
interrelated: the unit of pressure (the pascal), for example, is directly related to the 
force that causes the pressure; similarly, the unit of work or energy (the joule) is directly 
related to the force that does the work. Thus: 

one pascal is the pressure exerted by one unit of force (newton) acting on one unit 
of area (square metre); 

one joule is the amount of work done when one unit of force (newton) acts through 
one unit of distance (metre). 

All units in the system are interrelated in this way, and one unit can be derived from 
another unit without the use of any numerical factor other than 1 (unity). This fact is 
important for an understanding of points that arise later in this report. 

3. SI UNITS IN GENERAL 

The great majority of units that make up the SI are familiar and have been in use for 
many years, in most cases for over a century. Of these, some (e.g. the metre, the kilogram, 
and the second) are important in medicine but are so familiar that they require no explanation. 
A further group of units are almost equally familiar but are of little or no concern in 
general medical practice, although they may be important in certain medical specialties 
(e.g. in radiology, the electric units the ampere, the volt, and the ohm; in physiology, the 
unit of power, the watt). Two additional units are less familiar, but again are not of 
concern in general medical practice (these units, the becquerel and the gray, were adopted by 
the Conférence générale des Poids et Mesures in 1975 at the request of the International 
Commission on Radiation Units and Measurements). 

There would seem to be no need to discuss the units mentioned above, except to note the 
desirability of the World Health Organization cooperating, where relevant, with other inter-
national organizations in the introduction of such units where they are not already in use. 
WHO has used most of these units (the "metric system") in its publications from the beginning. 

Four units appear to merit rather more detailed discussion, owing to their importance in 
medicine. These units are the degree Celsius, the pascal, the mole, and the joule. 



4. THE DEGREE CELSIUS 

The degree Celsius, while not strictly speaking an SI unit, has been accepted as an 
alternative unit for the expression of temperature (the SI unit of thermodynamic temperature 
is the kelvin). The kelvin and the degree Celsius have for long been the accepted units for 
temperature measurement in all fields of scientific research. The degree Celsius is almost 
universally used in ordinary laboratory work, and in many countries it is used for the 
measurement of body temperature. There would seem to be no question that its universal use 
for the latter purpose would result in improved communication. It has always been WHO 
practice to use the degree Celsius, rather than the degree Fahrenheit, for the measurement of 
temperature, including body temperature, in its publications. 

5. THE PASCAL 

Of all the SI units, it is the pascal (the unit of pressure) that has aroused the greatest 
controversy in the medical profession. This, undoubtedly, is largely due to the fact that 
either the millimetre or the centimetre of mercury is already in universal use for the 
measurement of arterial blood pressure, and there is no need for standardization. Outside the 
medical profession, however, the situation is quite different. A bewildering variety of 
pressure units have been used in different branches of science and engineering, clearly 
calling for a single, standard, international unit of pressure. This had to be the pascal, 
which is the only unit that meets the interrelationship requirement described above (the 
millimetre of mercury does not). 

The interrelationship described above means that the use of the pascal has a very great 
advantage in certain fields of medical research and particularly in physiology where it is 
necessary to calculate the amount of work performed. For this reason, therefore, a change to 
the use of the pascal in such fields would seem to be appropriate. In measuring blood 
pressure, however, neither the general practitioner nor the cardiologist is normally concerned 
with the calculation of work, and the mathematical simplicity of the pascal offers no advantage 
for practical purposes it is irrelevant. There is, consequently, no immediate benefit to be 
derived from a general change to the use of the pascal for this purpose. 

The pascal is undoubtedly destined to become the universally used unit for the measurement 
of pressure outside the medical profession. Its use has already been endorsed by virtually 
all international organizations responsible for the physical sciences and by many of those 
responsible for the biological sciences. If the medical profession temporarily retains the 
millimetre of mercury for the measurement of arterial blood pressure (and the centimetre of 
water for venous pressure), it may find itself, before long, cut off from the mainstream of 
international scientific usage. In such a situation, the difficulty (and, indeed, the lack) 
of dialogue between the medical sciences and the natural sciences would be of overriding 
importance. 

Although it is probably inevitable that the pascal will ultimately be used for the 
measurement of blood pressure, its immediate introduction for this purpose at the present time 
does not appear desirable. In view of the widespread use of the millimetre of mercury for 
the measurement of arterial pressure in medicine, it seems advisable to await wider use of 
the pascal in nonmedical fields before it is adopted for the measurement of blood pressure. 
In the meantime, members of the medical professions should familiarize themselves with the 
use and significance of the pascal in order to minimize difficulty when the change takes place. 
Medical schools clearly have a vital role to play in preparing future physicians for the 
change. Wherever practicable, authors should be encouraged to quote values in both milli-
metres of mercury and pascals (for practical reasons values would be given in kilopascals), or 
at the very least to mention the conversion factor in each article or book, in order to 
familiarize members of the profession with the new unit (1 mmHg is approximately equal to 
0,133 kilopascals, kPa). Manufacturers should be encouraged to include kilopascal scales on 
their instruments in addition to the conventional scales. 



6. THE MOLE 

There are two ways of expressing "amount"; one in terms of mass, for which the SI base 
unit is the kilogram, and the other in terms of amount of substance, for which the SI base 
unit is the mole. The mole is not a new concept; it was first enunciated 157 years ago, and 
most physicians probably learned of it during their training (possibly under one of its former 
names, "gram molecular weight"). 

When chemical substances interact, either in vitro or in vivo, the proportions in which 
they do so are related to their relative molecular mass ("molecular weight"). This is 
measured in terms of "amount of substance" by means of the mole. For a proper understanding 
of chemical reactions, therefore, whether they occur in the laboratory or in the body, the 
use of the mole is essential. The use of mass units (such as milligrams per litre) serves no 
purpose other than the purely arbitrary one of deciding whether or not a given value is 
greater or less than a certain reference value. The expression of concentrations of sub-
stances in body fluids in molecular terms also serves this purpose, but in addition gives 
valuable insight into the balance of the constituents. Such insight cannot be obtained from 
mass units. 

The fundamental importance of this fact has long been understood in biochemistry. To a 
very limited extent it has been recognized in clinical practice, where for many years it was 
the custom to report serum sodium and potassium levels in terms of "milliequivalents". The 
difficulty in the use of the milliequivalent is the fact that it is a "variable unit": i.e. 
its value varies from one component to another and even from one chemical reaction to another, 
and thus depends on the chemical composition of the medium. The mole does away with this 
complication. 

The use of the mole for the reporting of values in clinical chemistry has been endorsed 
by virtually all the relevant international organizations, including the International 
Committee for Standardization in Hematology, the International Federation of Clinical Chemistry, 
the International Union of Biochemistry, the International Union of Pure and Applied Chemistry 
(Section on Clinical Chemistry), and the World Association of Societies of (Anatomic and 
Clinical) Pathology. For the past five years or so it has been used in WHO publications, 

7. THE JOULE 

The joule is the SI unit of work, energy, or quantity of heat, and as such replaces the 
"calorie". There has always been a good deal of confusion surrounding the "calorie" that 
has been used in nutrition. Several different calories have, for many years, been used in 
science and technology, all of them differing slightly in value, and an examination of the 
literature shows that the nutritionist himself has been confused over which calorie he has 
been using. A wide range of definitions and values for the nutritionist's "calorie" will be 
found in textbooks. The nutritionist's "calorie" is in fact a unit that properly is called 
the thermochemical kilocalorie, which since 1935 has been defined solely in terms of the 
joule (1 thermochemical calorie = 4.184 joules). The SI does away with this redefinition 
and measures energy directly in joules. 

In 1971 a Joint FAO/WHO Expert Committee endorsed the expression of energy in joules, 
but decided to use, as an interim measure, both joules and thermochemical calories. This 
practice of using both units side by side, as an interim measure, has subsequently been 
followed in WHO publications, (in practice, the multiples kilojoule or megajoule and 
thermochemical kilocalorie are used.) The same practice was adopted as early as 1969 by the 
British Department of Health and Social Security. As an interim measure it has the approval 
of the International Union of Nutritional Sciences. 

The principal obstacle to the statement of man's energy requirements in joules alone is 
the fact that dietary tables giving values in joules are not yet widely available. However, 
at least one country is currently compiling tables in which the values are given in both units. 
It is also of interest to note that commercial food companies are beginning to lable their 
products with their energy content in both joules and thermochemical calories. 



8. RECENT RECOMMENDATIONS 

An international symposium on the use of SI units in medicine was held in the United 
States of America in August 1976. This symposium was sponsored by the World Association of 
Societies of (Anatomic and Clinical) Pathology and by two national bodies (the US National 
Bureau of Standards and the American Medical Association). Eight international organizations 
including WHO were represented at the symposium (the WHO representative attended as an 
observer). 

With one exception, the report of the symposium endorsed the use of SI units (and of the 
degree Celsius) in medicine, stating that "the entire scientific community, and, more 
particularly, the medical community, are urged to adopt the 'modern metric system developed 
by CGPM'". 

The sole exception to this recommendation was the pascal, on which the report made the 
following statement: 

The eventual use of the prefixed SI unit, kilopascal (kPa), for measuring pressure in 
the field of medicine is recommended, but for the time being, the use of the irnnHg and 
other non-SI units should be tolerated and progressively discouraged. Manufacturers 
of instruments for measuring pressure should be encouraged to include kilopascal scales 
on their products in addition to the conventional scale. 

CONCLUSIONS 

The universal use of a single system of units of measurement in all scientific 
disciplines and in all geographic areas could result only in the improvement of the inter-
national exchange and comparability of scientific information, including health information. 
The SI is the only system of units that is suitable for such universal use. The World Health 
Organization has an essential role to play in the introduction of the SI into medicine, since 
it is the only body that is in a position to provide, at the international level, coordination 
between all the different medical specialties and the nonmedical disciplines and to provide 
up-to-date information on the subject to its Member States. 

The only exception to the desirability of a general introduction of the SI in medicine 
would appear to be the pascal for the measurement of blood pressure. Here, in view of the 
fact that the millimetre of mercury is almost universally used in medicine, it is felt that 
it would be preferable to await wider use of the pascal in nonmedical disciplines before 
introducing it into medicine for this purpose. 

The change to the use of SI units in medicine has already been made or is now under way 
in several countries and numerous journal s now require the use of the units. The reports of 
the change that have appeared in the medical literature make it clear that the difficulties 
of the change have been grossly exaggerated. Canadian and Scandinavian experience has shown 
that with prior preparation and instruction extending over a six-month period, the change can 
be made in a hospital rapidly, without confusion, with no danger to the patient, and at 
negligible cost. In the few quarters where confusion has arisen, it is clearly the result of 
inadequate preparation and inaccurate information. The importance of adequate preparation and 
accurate information cannot be overemphasized. In hospitals, the opportunities for such 
preparation are practically ideal. The private practitioner, however, must rely largely on 
the medical literature for his information. It is difficult to avoid the conclusion that, up 
to now, the literature has fulfilled this task less than adequately. 



In the light of the above factors, the World Health Assembly may wish to consider the 
adoption of a resolution along the following lines: 

USE OF SI UNITS IN MEDICINE 

The Thirtieth World Health Assembly, 

Having considered the report of the Director-General submitted in accordance with 
resolution WHA29.65, 

Noting the wide endorsement, by international scientific organizations, that has 
been given to the Système international d'Unités (SI) developed by the Conférence 
générale des Poids et Mesures, the intergovernmental body responsible for units of 
measurement, 

Noting further that the change to the use of SI units in medicine has already taken 
place or is now under way in several countries, 

Mindful nevertheless of the confusion that can arise if new units of measurement are 
introduced without adequate preparation, 

1. RECOMMENDS the adoption of the SI by the entire scientific community, and 
particularly the medical community throughout the world; 

2. RECOMMENDS that, to minimize any confusion due to the simultaneous use of more than 
one system of units, the period of transition to the new system should not be unduly 
prolonged; 

3. RECOMMENDS, the above notwithstanding, that the millimetre (or centimetre) of 
mercury and the centimetre of water be retained for the time being for the measurement 
of arterial and venous blood pressures, respectively, in clinical medicine pending wider 
adoption of the use of the pascal in other fields; 

4 . RECOMMENDS that, in making the change, institutions, scientific associations, and 
the like secure the best available advice and information, and give their personnel or 
members a course of intensive instruction in the theory and application of the SI prior 
to the time when the change takes effect; 

5. RECOMMENDS that all medical schools, and schools providing training in disciplines 
related to medicine, include courses on the theory and use of the SI in their curricula; 

6. REQUESTS the Director-General to assist the change by preparing a succinct, simple, 
and authoritative account of the SI that could be made available to Member States, 
medical associations, and medical journals. 

* * * 


