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Abstract. The surgical unit, which consists of a consultant, junior medical staff, sister, nurses and ancillary
staff, is compared with an atom, where there is a nucleus
formed of a proton and neutron with the surrounding
electrons in orbit. Changing the number, orbit or speed
of the particles will cause instability. Changing the
names of the particles does not help to solve the problem
of instability. Heisenberg's uncertainty principle, which
won him the Nobel prize in 1932, gave mathematical values to the uncertainty of observations on these particles.
The structure of a basic surgical unit is similarly uncertain and difficult to analyse, but like the atom it must be
stable, otherwise it splits and disintegrates. Thirteen
arithmetical formulae are given to help in the analysis of
a surgical nucleus; the most important one relating to
time is that 7 days x 24 hours equals the 168 hours in
each week during which continuous surgical cover must
be provided for the care of patients.
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The registrar problem
The registrar problem is the eternal struggle between the
young and the old, but in this case Socrates offers no
help. The consultant leads a team in hospital to look
after surgical patients and must have junior staff to help
him in this work, delegating and distributing the duties
in such a way that each can perform to their best ability.
The consultant does not draw blood samples and the
junior staff do not perform heart transplants, but they do
want to eventually. The problems is that the number
needed to run the teamwork succesfully and provide
continuous cover during each day and night cannot all in
due time become the chief. There is a discrepancy between the number of definitive jobs at the top and the
number of trainees waiting to get to the top. The training
of doctors must (a) provide a service for the patients
and (b) prepare juniors for a future job which provides
security for life. But can a system be developed which
can (a) look after the services for the patients and (b)
prepare all the juniors in a surgical unit for an eventual
senior post in surgery? The problem will be studied num-

erically in a pseudomathematical way, with emphasis on
time. The essential elements of time are the length of the
week (168 hours) and the length of the anticipated working life (40 years). Additionally, it is now not acceptable
for junior staff to work 84 hours a week, and a 52- or 48hour week is the long-term aim. For simplicity only the
medical staff are considered, but the problems are also
inherent in the nursing staff hierarchy as well as in that
of the ancillary staff.
Analogies with atomic physics
The atom is a good choice as an analogy because the
consultant surgeon, the junior staff, the secretary and
the ward with its nursing staff are all essential particles in
the basic unit of surgery. One cannot exist without the
others; they are all interactive, repelled or attracted to
each other by strong or weak forces and cannot be split
asunder easily to see how they work in isolation. When
they are observed by separating bits off, removing positive or negative charges, speeding the momentum of
small particles, changing their names or even throwing
protons at them, they change.
In the search for a simile or metaphor to describe the
registrar problem and find a solution it became quite
clear that a comparison with Newton's gravitational
effect, which produces the regular rotation of the earth
round the sun, was too ordered and untrue, and that it
would be better to use the analogy of atomic physics.
Old model of the atom
The first concept, or old model, of the atomic structure
was that there was a nucleus formed of a positively
charged proton and a neutron, with no charge, surrounded by an electron of negative charge held in its
orbit round the nucleus by gravitational force. But the
original Newtonian law, which worked for large bodies
and could explain the earth's attraction to the sun, was
not applicable to the atom. So these ideas were replaced
with a more flexible theory based on the fact that protons and neutrons are formed from quarks and the electron is a lepton, with others in this group being neutrinos, muons and tau particles. The quarks are held to-
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gcthcr by a "strong" force and the leptons by a "weak"
force.
New model and Heisenberg
Early on, it was realised that if an experiment was done
to demonstrate atomic particles the result was either
artificial or out of date because the particle had moved
on in its orbit. Heisenberg's uncertainty principle, which
won him a Nobel prize in 1932, gave mathematical values
to this uncertainty about the track and position of particles when observations had been made, because the
process of observing had altered the structure. It is impossible to know both the position and momentum at the
same time.
There obviously have been changes in our concept of
the atom and its structure since 1932, but the analogy
must be kept vague and general principles adhered to.
The names of the particles may change but are relatively
unimportant as long as their position in the system is
recognised. The number of different particles may increase as a more sophisticated system is developed.
However, the basic principle we can learn from Heisenberg is that the process of observation may alter what is
being observed and that the individual components cannot be changed in isolation because they are always
interrelating. Additionally, the process of observation
or studying the system can influence the system itself,
which is known in clinical trials as the Hawthorne effect.
It is suggested that solutions from the world of physics
might help us in finding solutions to our organisational
problems in surgery.
Possible solutions from the point of view of the registrar
All the present solutions to the registrar problem have
one thing in common: they seek answers from the point
of view of one particle, namely the junior doctor.
One proposed solution is to lose half of the registrars
by controlling the total number and then dividing it in
two, so that one half can expect to proceed to a consultant post (career registrar) and the other half are labelled
foreigners (visiting registrars) who must then return to
their country of origin and are not allowed to proceed to
a consultant post in the UK. A minor complication of
this solution is that the career registrars are both UK and
EC graduates and visiting registrars are non-EC doctors,
so this solution obviously will have knock-on effects in
other countries that are also trying to solve their problems of imbalance.
Another solution is to change the names of the particles and to limit the registrar grade even more but
allow an increase in the lower grade of senior house
officers (SHO). The SHO would not be allowed to proceed to a consultant post unless he obtained a registrar
post. So, by changing the name the young doctor can be
eliminated as a candidate for a consultant post, even
though he will actually be doing the same work previously designated as a registrar.

Both these solutions change the name of the particle,
but it remains in the atomic structure under a different
nomenclature. The presumption in these solutions is that
the registrar's point of view is more important than
maintaining the stability of the basic surgical unit of
care.
Changing the fourth dimension TIME
and altering momentum
There are three important time measurements when it
comes to the basic surgical unit. The first is related to the
length of the week, which was originally, in biblical
times, put on a 7-day cycle with the Sabbath, the seventh
day, proposed for rest and the night-time, based on the
loss of sunlight, accepted for the sleep. Both of these
precepts have been totally forgotten for junior staff, and
their seniors cannot even turn water into wine.
7 days of 24 hours duration = 168 hours per week
The second is a more modern concept which has developed out of the acceptance that we are not here to work
all the daylight hours that God has given us. It is the
realisation that there may be irregularity in the length of
the working week, annual leave to be taken and additional days free for celebrating religious, political or
other events. The Germans now work less than the
British (harder?) and the average number of hours
worked annually is 1400. Before you feel exhausted,
how many hours are there in the year?
24 hours x 365 days = 8760 hours per year
The third piece of simple arithmetic is based on three
score years and ten, which once again is rather biblical in
origin. The age of retirement in the UK for doctors is 65
and, for simplification, the median for death is 75, so
that pensions are worked out for 10 years of relaxation
before moving onwards and hopefully upwards. If doctors qualify at 25, they will spend 10 years training until
they become a consultant or obtain a definite post at 35;
then they will work for 30 years before retiring at 65, enjoying their pension for 10 years and 'shuffling off these
mortal coils' at 75. It is enough to make one give up immediately.
25 + 10 + 30 + 10 = 75 (that's life)
There does not appear to be much that can be changed
with regard to the fourth dimension, time, because its
quantity seems limited. But there is a solution if you consider Einstein's famous formula E (energy) = m (mass)
x c2 (speed of light). The velocity of the particle can be
increased. The analogy with physics must not be taken
too far. What happens to mass if the momentum is increased. Registrars are less valuable if they stay a shorter
time. Speed up the training period to less than 10 years,
so that it is shorter. We return to Heisenberg and realise
that the total system has been changed. There will be
more juniors, so more seniors will be needed and the format of the basic surgical unit will be changed. Increase
the length of time a consultant keeps his post, because
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he will have been appointed earlier, and there will be
fewer retirements and fewer replacements needed. Decrease the age of retirement to 60 and there will be more
retirements but increased costs to the pension funds.
What does the patient think about time?
In some districts of Britain the patients go to bed at night
and are never ill on Sunday, but this is not usually the
case. For 8760 hours a year, 168 hours a week and 24
hours a day the surgical units of the 250 district general
hospitals have to provide a surgical service for their completely egocentric, totally demanding, quite unrealistic
patients. The acute general surgical unit is in continuous
movement for the whole of this time and that is the problem, because its particles have a short life and the patients, having no concept of time and its arbitrary subdivisions, require treatment all the time. ARS LONGA,
VITA BREVIS or is it HOURS LONGER, VITA
BREVIS?

What does the consultant think
about the registrar problem?
If the analogy is accepted that the structure of a basic
surgical unit is similar to the structure of an atom, then it
helps to consider the proton as a consultant, and orbiting
round him are electrons, who are the junior staff. They
must be in equilibrium, otherwise the system breaks up.
The main point, however, is that the unit is paramount;
the whole is more important than the individual components. The nature of an atom is not dependent alone on
its electron; the nucleus and its number of protons imprint the structure. Any solution to the provision of surgical services which is primarily aimed at satisfying the
registrar's wish to become a consultant is akin to saying
that the world's atomic structure exists because of a
strong trades union of electrons. This opinion may
appear elitist, but there are only about 1000 general surgical consultants in the UK, all of whom arrived there
with hard work; to add another comparison, there are
900 members of parliament, 800 in the House of Lords
and one Prime Minister. The competition is always great
to reach the top and not everyone can arrive there.
We shall now proceed to a mathematical analysis
using ultrasimple arithmetic and rounding the numbers
to make it even simpler with 13 formulae.
The present

mean number of general surgeons per average district is
5. The average consultant is appointed at 40 and works
for 25 years, before retiring at 65. Actually, 40% of us
are dead before 65 but we shall remain eternally optimistic, Formula 1 gives a round figure of 1000 consultants
working for 25 years and requiring a replacement of 40
per year. The actual average in the period 1981-1986
was 37 [2].

1000 : 25 = 40

(1)

Senior registrars
Nobody really knows the number of senior registrars
or their equivalent because some of these particles have
a different orbit and name. In fact, some may be like
neutrinos and you have to go and measure them in a coal
mine as they traverse the earth. The supposed wholelife
of this senior registrar particle is 4 years, but for some
this figure is the half-life; 184 was a figure given in 1990
but the proposed number as national target is 224. Of
the 41 consultants appointed in 1985, 12 had previously
been senior registrars, 15 clinical teachers, five in research, one had a post in Scotland or Northern Ireland,
three had posts overseas and there were five others. It is
quite clear that a senior registrar post is not the only particle which can change to consultant. Presuming a round
figure of 200 with a life of 4 years, we are left with an
output of 50 per year, given in Formula 2.

200 : 4 = 50

(2)

But the answer to Formula 2, which is 50, should be the
same as the answer to Formula 1, which is 40. The increased output could be taken up by a planned increase
in the number of new consultants.
Registrars
There are 639 general surgical registrars in England and
Wales and 62 in urology [1]. Some may be rotating in orbits relating to other nuclei in surgical subspecialities. If
we take a rough figure of 600 and a life of 4 years (it is
usually five), this gives us the next formula.

600 : 4 = 150

(3)

But the answer for Formula 3, 150, should be the same
as the answer to Formula 1, namely 40, if all registrars
are to become consultants via a senior registrar post.
Since this has been thought to be of paramount importance, solutions have been proposed to solve this particular equation. But it is questioned whether this is really the most important equation to solve.

Consultants
In 1990 there were 1005 surgical consultants and 225
urologists in England and Wales, with a population of
47.1 million and 192 districts (Table 1) [1]. General surgeons in relation to population are found at the ratio of
about 1:50000 and the size of a district is about 250000,
but in practice this ranges from 100000 to 500000. The

'Solutions'
Consultant expansion
The consultant grade should be expanded by 1% or 2%
per annum. This is actually a geometrical progression,
but we shall keep it simple so that it becomes an
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Table 1. Present situation for the population of trainees and specialists in surgery in Great Britain and western Germany
Great Britain

Western Germany

Total population of 50 million
Total number of doctors 90000
24-26 House Officer
26-28 Senior House Officer (SHO)

62 million
178000
Assistenzarzt

28-32 Registrar (number 600)

General practice
Other specialties
Ideally 3 years training in general
surgery but may go into:

Oberarzt and doctor with Facharztpriifung
Total number approximately 10000

General practice
Other surgical specialties
Administration
Emigrate
32-36 Senior Registrar (number 200)

Ideally 3-4 years training but either
remain for a very long time or give up
Chefarzt or Professor (number approximately 1200)
1:6000 with Facharztprufung standard
1:50000 with Chefarzt/Professor post
1451 Universitatskliniken, Schwerpunktkrankenhauser,
Krankenhauser der Grund- und Regelversorgung

40-65 Consultant (number 1000)
Ratio of gen. surg. to population I : 50000
Total number of district general hospitals
and university hospitals (number 250)
Gen. surgical unit
30 beds in one or two wards
2 consultants
1 senior registrar
1 registrar
1SHO
2 house officers

Gen. surgical department 100 beds in three or four wards
1 Chefarzt or Professor
1 Oberarzt
7-8 Assistenten

arithmetical progression and easier to understand. Let
us increase from 1000 to 1200 over a 20-year period and
keep the starting age and retirement date the same.
Formula 1 becomes
la, 1200 : 25 = 48

changing its orbit. Then we can apply Formula 2 to the
registrar problem.
200c : 4 = 50
but it requires an additional Formula, 5, to deal with the
others (400 d) and destroy them.

Formula 2 stays
200 : 4 = 50

400 d : oo = 0

Formula 3 stays
600:4 = 150
This solution will eventually satisfy the senior registrar
aspirations and the present ten per annum excess output
from the SR grade could achieve the consultant expansion in 20 years, at the rate of 1% increase each year.
Another interpretation of this 20-year wait to achieve a
balance is n in the sky, where ;ris another heavenly body
or is it a particle not yet discovered?

(5)

where oo = infinity of time or number, but it does not
matter as long as 400 particles disappear without a trace
of ever having existed and certainly do not progress to a
senior registrar post.
Shortening the training period (altering momentum)

Tn order to balance Formula 3 and make its answer 50,
we need to know Formula 4:

In addition to the visiting registrar and career registrar
subdivision, it has been suggested that the length of time
spent in the senior registrar and career registrar grades
should be equal and reduced from 4 to 3 years. The
reason for this decrease from 8 years (4 + 4) to 6 years
(3 + 3) was to reach accord with training on the continent in the EC, where 6 years is accepted as normal.
This gives us Formula 6.

600 r = 200 c + 400 d

200 : 3 = 66

Registrars

(4)

where r = present registrars, c = career registrars and
d = others who disappear by some means or another.
This implies keeping the name of the registrar grade but

(6)

The output of 66 per annum applies to both senior registrar and career registrar grades, which now become balanced. Presumably, this increased output due to in-
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creased velocity is meant to fuel the consultant expansion. It has not actually yet been worked out, because it
is rather a difficult arithmetical formula, but the number
of SR posts should actually decrease by 25% if the training time is reduced from 4 to 3 years as in Formula 7, as
the requisite output is 50 not 66.

150 : 3 = 50

(7)

This reduction of senior registrar posts from 200 to 150
should also apply to the career registrar numbers, because they must be equal in output. We should then be
left with 150 SR and 150 career registrar posts. Heisenberg would have realised that changing one thing in a
solution affects other parts of the total.
Changing the name of the particle

The fourth dimension, time, which is related to energy
There is a rather important formula which gives hours in
the week during which an acute general surgical service
must never close.

7 x 24 = 168

However, the senior registrar training period has not
been reduced from 4 to 3; it has actually been increased
from 4 to 6 years, because in reality the career registrars
will have a guaranteed place as an SR, cannot work as a
junior with an SR, will replace SRs in nonteaching hospitals and will fulfil their district training as though they
were SRs but will actually be called career registrars.
The hope must be that every one of the nonteaching hospital districts will have at least one of the 150 or 200
career registrars. They cannot be in teaching hospitals,
because the new rule is that in any 30-bed unit they can
serve the first 3 years of a 6-year training post in nonteaching districts, followed by the second 3 years in a
university hospital. It really does not matter what they
are called; it is more important what they do.
Registrar numbers
At present there are about 600 registrars for 200 districts.

600 : 200 = 3

(8)
Three registrars for each hospital implies a 1:3 rota and
a 56-hour week. The plan is that Formula 4, 600r = 200c
+ 400 d, should not exist and that 400 who disappear
should be partly replaced by visiting registrars. They
should equal in number the career registrars, and both
should have the same standard jobs, with the remainder
abolished to remove the pyramidal structure. The proposed solution is Formula 9, which replaces 4:
600 r = 200c + 200v

(9)
where r = present registrars, c = career registrars, v =
visiting registrars and d = disappeared registrars. This
means that Formula 8 must be changed, so that every
district has only two registrars, one of whom is a career
registrar (c) and the other a visiting registrar (v).
400 : 200 = 2

Thus, of the 600 registrars formally considered essential for running the National Health Service acute general surgical services, 200 have become career registrars,
which is in effect the first 3 years of a senior registrar job;
200 have been designated noncareer foreigners, euphemistically called visiting registrars, and 200 reduced to
SHO status although they are still performing registrar
duties because there is no one else to do the work.

(10)

This implies that each hospital registrar will have a 1:2
rota and an 84-hour week. There is, however, a possibility that the 200 d registrars who should have disappeared
have merely changed their name to 'senior house officer'
(SHO), which is one grade lower.

(11)
In any one week, 168 hours have to be covered by doctors, who consist of (a) a consultant paid for 35 hours
a week but nominally in charge for 168 hours and (b) a
registrar who is on duty resident at 1:4 (42 hours per
week), 1:3 (56), 1:2 (84), and 1:1 (168). We shall extract the 1:2 ratio as the most important example since
the present plans are for two registrars per district.
168 : 2 = 84

(12)

The fact that this is illegal and has been forbidden from
the 1st April 1992 should not deter us for the moment,
because it does not worry the employers yet. In effect, a
1:3 rota involves 84 hours a week, allowing for holidays
and leave, and a 1:4 rota gives a 72-hour week.
If the present plan to replace registrars with consultants is pursued to its logical conclusion, either with the
present number of consultants (1000) or with an increased number (1200), giving five per district general
hospital, we are left with the final Formula, 13, which
really should kill off all the consultants. This might initially be acceptable to the junior staff until they realise
that having been promoted they too will have a short
shelf life and an early sell-by date.

168 : 5 = 33

(13)

This means that each consultant will do 33 hours each
week; covering the hospital for one 24-hour period and
for the remainder of the week having 9 hours in which to
distribute his skills. This presumes the same rate of pay
for unsocial hours (no double or treble overtime for this
group of workers) and assumes that he will absolve all
responsibility for patient care when he has finished his
33-hour week or alternatively cover it for free. It implies
absolutely a conversion to shift working. If the consultant number were increased from 5 to 7, he might have a
chance to do only one full-duty 24-hour cover per week,
but that would imply increasing the total number of consultants to nearer 1500.
Discussion
This reductio ad absurdum is essential for the understanding that a basic unit of surgical care requires a
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leader and juniors who will have to work "unsocial"
hours for which they must be paid. To interfere with
this by making the organisation subservient to the perceived career structure of the registrars, so that each and
every one can become a consultant, is to make a nonsense of the surgical system. The present 'solutions'
offered do not solve any problem and are based on the
false premise that everyone can become the leader. This
does not mean that the juniors should not be looked
after financially. Nor docs it mean that they cannot
move sideways into another definite career post. Tt is
suggested that more research and practical experimentation be done on how a basic surgical unit functions before the atom, its nucleus and particles, are subjected to
acceleration and destruction. Einstein and Heisenberg,
amongst many others, provided the theoretical basis for
experimentation in atomic physics. There is no such
equivalent theory for analysing the function of a surgical unit, but Formulae 1-13 must surely be the basis
of simultaneous equations using calculus if change is
applied. The proposed 'solutions' are based on changing
one of the formulae to give every career registrar a consultant post. With each of the proposed solutions come
changes to other parts of the whole system. They pay absolutely no attention to providing continuous surgical
cover in a district hospital. Remember Heisenberg's uncertainty principle, because the atomic particles have
already changed while we were observing them and the
atom will become unstable and soon split. Heisenberg
provided the fundamental reason why Newtonian me-

chanics cannot be applied at the atomic level. It is impossible to know both the position and the momentum
of atomic particles at the same time. The physicists described alternate possible happenings and gave numerical values for the relative probabilities of occurrence
of the different alternatives. In all humility, surgeons
should realise that the successful running of a basic surgical unit is equally complex and requires a similar analysis. This article does not necessarily provide the answers
but it does pose the questions for which answers must be
found. It is presented in relation to the situation in Britain. Professor Hempel has added a supplement to demonstrate that there is also a problem in Germany, as well
as elsewhere. These two countries are not unique, and
others have similar difficulties.
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