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PREFACE

In spite of an exhaustive search in the literature
of haematology, I have been able to find but brief reference

to the findings in Normal Bone Marrow with reference to 2ge.

[y

The most comprehensive works on this_subject have been
carried out by N.G. Nordenson, E. Segerdahl, C.M. Plum and
X.M. Jacdbsen. Other workers, e.g. Arinkin and Barte, 4o
not give any details concerning the materiai used, but state
the normel figures for the differentiael count in adult bone

marrowe.

K.M. Jacobsen (1941) studied 88 normal cases with

reference to age in the following groups:-

Yeers Number Punctured
2-5 6
6-9 7

10-14 5

15-19 7

20-29 28

30-44 4 19

45-59 |

70-93

9
7
88



E. Segerdahl (1935) studied 110 cases divided into

three groups:-

Group I 52 men 20-30 years
Group II 40 women 20-30 years
Group III 18 in 0ld age group (9 men
' : (9 women

No work has been found on normal bone marrow with
reference to age, where the material used has been evenly

distributed over the age groups from 1-100 vears.

The present work consists of 83 cases divided into

the following groups:-

Years Number Punctured
0-9 3
10-19 ' 10
20-29 10
_30-39 “ 10
40-49 10
50-59 .10
60-69 10
70-79 | 10
80-99 10

Total : 83

Owing to the difficulties of obtaining suitable
material in the age groun 0-9 years, it has only been possible

to include three cases in this group.



HISTORICAL BACKGROUND

In 1849 C. Robin, deseribed the nucleated cells of
the red bone marrow (Médullocelles) and noted their resemb-

lance to the leucocytes of the peripheral blood.

It was not until 1868, however, that E. Neumann studied
the bone marrow with reference to blood and showed that the
- marrow is the site of erythropoiesis (1868) and leukopoiesis

(1869). This theory was soon generally accepted.

Thereafter bone marrow was obtained at post-mortem
‘and the changes studied, that oceuf in the bone marrow during
disease. Correlation of the changes in the bone marrow post-
mortem and in the blood in vivo soon gave rise to difficulties
and in 1908 G. Ghedini published a method of trephining the
upper end of the tibia during the life of the patient, sections

and smears being made of the curetted marrow.

This method was later simplified by C. Seyfarth in 1923
when he devised a method of trephining the outer lamina of

the sternum and removing the marrow with a curette.

Sternal trepanation, however, is in the nature of a
majpr surgical operation and for this reason could not be

widely used.
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Arinkin in 1929 described the method of puncturing
the outer lamina of the sternum with a’strong needle and
withdrawing 10 c.c.'s of marrow fluid by aspiration for
examination. Since then this method, with modifications,
has been widely used with satisfactory results, and no

complications have been reported.

In 1937 Damashek compared the trephine and puncture
methods of obtaining marrow fluid and he considered that
’trepanapion was definitely superior, as the fluid obtained
by puncture is relativelj acellular due to the admixture
of peripheral blood from the marrow sinuses. He showed
that the percentage of myeloblasts obtained by the trephine
method was higher than that obtained by sternal puncture.
In the former method, also, the anatqmical relations of the
bone merrow remain undisturbed. In spite of these facts
most authors are agreed that for routine use any advantages
gained by trepanation are outweighed by the ease and

simplicity of sternal puneture.
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COMPOSITION OF BONE MARROW

The bone marrow consists of two types:-

1. Red marrow, which is actively haemopoietic and is of a
soft semi-fluid consistence.

2. Yellow marrow which is fatty and inactive as far as
blood formation is concerned.

At pirth and for the first 3 to 4 years of life all
the bones in the body contain red marrow. Tibial marrow
only remains active up to 7 years and becomes completely
inactive, dué to fatty metamorphosis, by 15 to 20 years
(Whitby end Britton (1946), M. Diwany (1940)).

In the adult the red marrow is contained in the bones
of the skull, ribs, sternum, scapulae and clavicles, the
vertebrae and os innominatum, and a little in the upper

end of the humerus and femur (Whitﬁy and Britton 1946).

The nutrient artery to the bone marrow breaks up into
a network of intercommunicating vessels lined with endothelium,

known as sinusoids (Whitby and Britton 1946).

There is a graduel diminution in the amount of red
marrow, which becomes replaced by fatty marrow, as age advances,

but experimental data reveal that the red marrow remains



relatively normal in the aged ( C. Reich, M. Swirsky and
D. Smith (1944)).

Custer and Ahlfehldt (1932) have shown that the
marrow of the sternum remains active throughout life, although
cellularity decreases with advancing years. C. Reich, M.
Swirsky and D. Smith (1944) on the other hand are of the
opinion that survival to old age requires a good functioning
bone marrow, and that cellulaer activity in the aged is not
only normal but is definitely increased in some cases.
Segerdehl (1935) states that there is a falling level of

all Specific marrow elements in old people due to an increase

of fatty marrow.



TECHNIQUE

d A

NLEDLE. USE.D. SIZE]

Many types of needles have '"been devised for sternal
puncture and for this study an ordinary Lumbar Puncture
needle (18 m.m. bore) with fitting stylet was used, cut
down to a length of 2.5 ams. with a short bevel. No guard
was used.

A tight-fitting, dry, 2 c.c. record syringe was used
for aspiration.

Both in children and adults the 2nd intercostal space

midway between the mid-line and the edge of the sternum was



the site of election for diagnostic puncture. The mid-line’
was not used as fusion of the sternal plates is incomplete
in 20% of cagses (Pidssler 1931) and occasionally union in the
mid-line is cartilaginous (Bodley Scott 1939). Before the
age of 25 years osseous union between the sternebrae may be
incomplete (Bodley Scott 1939) and for this reason the level

of the interspace was considered a more suitaeble site.

The red marrow appears at the 6th month of intra-
uterine life as two centres, one on either side of the
mid-line. At birth those of the manubrium are fused into
one large centre but puncture at this level is not advisable,
due to the large vessels which lie behind it (Diwany 1940).
The centres in the other segments become fused and this is

complete by 6th-10th year (Diwany 1940).

In children the centre at the level of the 2nd
interspace is recommended by Diwany (1940) and by Xato (1937)
and was used in the present series, but Propp and Schwind
(1944) recommend the level of the 3rd interspace on the
ground that the lst and 2nd sternebrae do not, in some

individuals, unite until adult life.

The patient lies supine in bed with the head and
'shoulders supported on a pillow. Only in the case of

children was it found necessary to cover the head with a

towel.



If necessary, the sternum was shaved and the skin

prepared with spirit and iodine.

The forefinger of the left hand was held firmly
against the right sternal border to prevent the needle
aceidentally entering the Pleural Cavity, and between 1 and
2 e.c's of 5% Procaine infilirated into the skin and under-
lying tissues, care being taken to infiltrate a small
quantity underneath the periostéum. Thé latter procedure
occasionally produced a feeling of discomfort. A short
interval was allowed to elapse and the dry needle was held
in the right hand with the forefinger held firmly against
the needle 1.5 em. from the point. The stylet was held
firmly down intq the needle by the palm of the right hand
to prevent the entry of spicules of bone into the needle
during its passage into the marrow cavity. A gentle
rotatory movement was used and, with the exception of certain
young adult males, it was not found necessary to use any-
thing but light pressure in order to perforaete the anterior
lamine of the sternum. When the needle enters the marrow
cavity a sudden 'give' is felt and on removing the right
hand the needle is found to be standing upright without the
operator's support. The stylet is then withdrawn and a
dry, tight-fitting, 2 c.c. syringe attached to the end of

the needle. The amount of suetion required veries from
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case to case, but as a rule marrow fluid flows immediately
into the barrel of the syringe on withdrawing the plunger.
This mey be associated with a sharp pain in the chest due to
the production of a negative pressure in the marrow cavity,
but in many cases the patients éxperience little beyond a
slight sensation of discomfort. 0.1 c.c. of marrow fluid

is withdrawn.

Arinkin (1929) in his original description of sternal
puncture withdrew 10 c.c's, but most authors are agreed
that the withdrawal of more than 0.2 c.c. is unsatisfactory,
due to the greater admixture with perirheral blood from the
marrow Sinuses (Scott 1939, Segerdshl 1935).

Jacohsen (1941) in his study withdrew 0.5 c.c. of
marrow fluid. Young and Osgood (1935) withdrew 1.2 c.c's
which was subsequently oxalated and smears made. Reich (1935)
withdrew 10 c.c.'s of marrow fluid with 2 c.c.'s of 1-4%

sodium oxalate. This mixture was centrifuged and smears made.

Reich, Swirsky and Smith (1944) withdrew 4 c.c.'s of

marrow fluid which was then oxalated.

Osgood and Seaman (1944) state that it is more acecurate
to withdraw 1 c.c. of marrow fluid as one withdraws a more
uniform mixture of'blood and marrow cells from a greater

distance away from the site of puncture.
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In the present series of cases the marrow fluid was
- not oxalated but smears were made directly onto clean glass
slides which had previously been treated with concentrated

Nitrie Acid and stored in Absolute Aleohol.

Loishmen's Stain was used for staining purposes.
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MATFRIAL USED

The material used for this study came from 83 cases.
These cases on admission to hospital did not suffer from any
Haematological condition or any condition known to have a
direet influence on the blood picture. The material was
malnly dfawn from cases of uncomplicated gastric ulcer, non-
tuberculous orthoraedic conditions, Psychoneurosis and cases
of Pleural Effusion prior to discharge from hospital with

negative X-ray pictures and normal E.S.R.

The older age groups were obtained from the wards of
a Corporation Hospital for the care of chronic sick. Most
of these cases were admitted on account of senility, a few

being complicated by Hemiplegia.

All the cases in the present series had a Haemoglobin
of 80% or over (Ssehli uncorrected), Red Blood eell counts of
4,000,000 or over and a White Cell count within the normal \
limits of 4,000 to 11,000 as laid down by Whitby and Brittéﬁ
(1946). The peripheral blood differential count was within
normal limits (Whitby end Britten 1946).

As no adrenaline was used during local anaesthesia of
the sternum, peripheral blood counts were not necessarily !
performed prior to sternal puncture. This is in agreement

with Nordenson (1935).
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DESCRIFTION OF BONE MARROW EXAMINATIONS

Quantitative estimations were not carried out, as the

folldwing authors considered them valueless: Segerdahl

(1935),

Mendell and Meranze (1942), Reich and Kolb (1942), Provp and

Schwind (1944), Scott (1939).

Segerdahl has published nucleated cell counts on

vunctures from healthy persons and her mean figures are:-

Men 75,000 per c.mm.
¢ = 38,400 per c.mm.
Women 82,700 per c.mme.

o = 41,100 vper c.mm.

Taking the limits of normality as plus or minus

3 times

the standard deviation (Yule 1927), the lower limit in each

case falls below zero and numerical counts mey therefore be

taken as being of no statistical significance.

Differential count.

Scott (1929) has shown that no significant variation

is found between'cell counts from 250-1,000 cells. Mendell

and_Mbranze (1942) first counted 500 cells, but later only

200-300 cells were counted. Cell counts vary widely with

different authors, e.g., Jacobsen (1941) counted 2.000 cells.
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In the present series 300 cells were counted as no

significant variation was found between counts of 300 =nd

500 cells.

Results are expressed as a percentage of all nuclested
cells and cells which could not be classified due to damage,

are not included in the figures.

Tefminology.

Due to the absence of a universally accepted
terminology there is a:@pmﬁléfé“l&ck of co-ordination
in the realm of Haematoloéﬁ. This makes the comvarison
of results very difficult, as the classification of the

cells varies so widely.

The Unitarisn school of thought holds that gr=anulo-
cytic and lymvhoeytic elements are derived from the same
primitive cell, e.g., Downey (1932) considers that lymvoho-

cytes may be derived from the Myeloblast.

1
Ehrlich (1910), however, belongs to the theory of

Dualism and is supported by such workers as Schridde (1906)
and Naegeli (1931). He believeéﬁthat lymphocytes are derived
from lymphatic tissue in the lymph nodes and that granulo-
eytes are derived from Myeloid tissue. He interprets

Monocytes as Mveloid elements.
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The Trialist theory is held by Aschoff (1913) who
gtresses the specifity of three different cell tyves:-
1. Leucyeytes |
2. Lymphocyvtes

3. Monocytes.

The classification of the Myeloid cells in the vpresent
geries follows that of Scott (1939):
Myelohlast
?:emyelocyte dnd

Neutrovhile granulocyte.

Neutrophile Granulocytes are divided into‘the grades
suggested by Schilling (1929)
Myeloeyte
Young
Band

Segmented.

Eosinophiles are classified as Myeloeyte, Young. Band

and Segmented.

With ordinary staining methods it was not found
vossible to distinguish between Lymvrhoblasts, Monoblasts
end Myeloblasts and these cells are a2ll grouped together
under ~the heading of "Myeloblest". Plesma cells sare used to

include THrck cells (Neegeli 1931).



The classification of the erythroid cells corresponds

to that of Davidson, Davis and Innes (1942):-

% Tyve I

o ’ ( Tvoe 1II
Frythroblasts (

E Tyne III

( Tyre IV

In agreement with Whitby »nd Britten (1946), Scott
(1939), Pinev (1942), Stesney =nd Higeins (1938), Pronv and
Schwind (1944) =nd meny other workers, Megeloblasts are not
found to be present in normal bone marrow. Piney (1941)
states that the cells quoted in his figures as Megaioblésts

are really large Normoblasts.

Such workers as Holmes and Broun (1933%), Doan and
Zerfas (1927), Sebin (1928), Custer (1933), Young end Osgood
(1935), Vogel, Erf and Rosenthal (1937), Vex ghan (1940) and
Weiner (1938), on the other hand, deseribe Megaloblasts in

normal bone marrow.
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DESCRIPTION OF CELL TYPES

Mxeloblast N ’
This cell is the precursor of all cells in the Myeloid

group. Its size varies from 1llx to 18m.

Thé cytoplasm is dérk blue in colour and contains no
granules which can be seen by the ordinary Romanowsky staining

methods.

The nucleus is fairly large and is round or oval. It
may lie eccentrically, is rather poor in chromatin and shows a
finely reticular structure. There is no distinet nuclear
membrane. A perlnuclear zone may be present /Nordenson (1955)/
The nucleus usually containsg several nucleoli which stain a

pale blue colour.
Both macro and micro forms may be found.

Pre-myelocytes.

This is the transition cell between Myeloblasts and
Myelocytes. It resembles the Myeloblaest in that the cytoplasm
2
stains a qgfk blue, and the nucleus is round or oval and has

the same finely reticular structure. A few immature granules

which stain a pale pink colour (aeidophilic) are present. In
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some cases these granules are easily identified, but in other
cases careful focussing with the microscope is necessary for

their identification.

Both macro and micro forms may be found.

Myelocytes. s Lever prewgaa CTn !

This cell varies greatly in size, both macro and miecro

forms being identifiable.

The cyﬁoplasm is pinkish in colour and contains numerous
ripe granules which may be EBosinophilic, Basophilic or Neutro-
‘philic, depending on the type of segmented cell to which it

will give rise,

The nucleus is round, oval or kidney-shaped and occupies
about one half of the cell. It does not contain any nucleoli
and does not stain as intensely as the nucleus of a mature

Polymorph.

- Young cell.

Both macro and micro forms may be found. The ceytoplasm
is pinkish in colour and mature granules are present as
described in the Myeloceyte forms. The nucleus shows a well-
marked indentation and the border of nuclear tissue usually

lies towards the periphery of the cell.
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Band cell.

The cytoplasm is mature and the nucleus is absolutely
ripe, but has not yet begun to segment. It usually assumes

bizarre forms.

" Both macro and micro forms may be found.

Polymorphs.

These are the mature, segmented granulocytes. Average
size is 10p 0 12, Granulation may be Neutrophilic, ®osino-
philic or Basophilic, and the nucleus shows marked variation in
shape, but is characterised by two or more lobes attached by

filaments of nuclear material.

Lymphocytes.
FPor the purpose of this study large and small lymphocytes

“have been classified together.

The cytoplasm stains a pale blue colour and is scanty in
small lymphocytes, but is more abundant in large lymphocytes.

It usually contains a few coarse, bluish granules.

The nucleus stains very deeply and is usually round or
may show slight indentation. It is composed of heavy masses
of chromatin with more lightly staining areas between these

measses.
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Monocytes.

These resemble the Monocytes of peripheral blood, and

in marrow films are infrequently found.

‘The size varies from 16f¢to 22mu. The cytoplasm stains
a pele greyish blue and sometimes .contains reddish blue

granules.

The nucleus is round or oval and may be lobulated or
horse-shoe shaped. It stains a pale violet colour -and the
chromatin arrangement may be described as resembling "a ball

of twine",

Megakaryocytes.

As a rule this is the largest cell in a marrow smear,

o
P »
T, ¢

but smaller forms may also be found.

The cytoplasm is greyish in colour and contains fine
azurophil granules. It contains several small nuclei which

may form an irregular ring.

Plasma cell (including Tiirck cell}.

" This cell is larger than the large lymphocyte and has
a deeply Basophilic oytoplasm which often contains one small
vacuole. The nucleus is markedly eccentric and is composed

of chromatin which may or may not have a cart-wheel

arrangement.
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Brythroblast Type I.

A large cell (average 18u diameter) with a variable

amount of deep blue cytoplasm.  No granules ere present.

The nucleus (14.2x) is composed of finely reticulated,

seroll-like masses of chromatin.

The cytoplasm of this cell stains, as a rule, a more
intense blue than that of the Myeloblast and the nucleus has

a less finely reticular appearance,

Type II.

A somewhat smaller cell (average 14.2m diameter).

The'cytoplasm is either basophilic or polychromatic,
and contains no granules.

The nucleus is basophilic (10.3um diameter) and more
deeply staining than in Type I. The chrometin is coarser
and denser with a tendency to form lumpy masses, but a reti-

cular character is still preserved. No nueleoli are present.

Type IIT.

This is a smaller cell (everage 1ll.1lsm diameter) of which
the cytoplasm is usually polychromatie, but may be basophiliec

or orthoehromatic. The nucleus (average 7 3 diameter) is
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very deeply staining and is composed of a condensed lumpy

mass of chromatin, which may exhibit a cart-wheel arrangement.

Type IV.

This is a small cell (average 9.3 mdiameter) with
polychromatic of orthochromatic cytoplasm and a pyknotié

nucleus (average 4.8 mdiameter),
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Leuko-erythrogenetic Ratio.

The ILeuko-erythrogenetic Ratio is recommended by Scott
(1939) as a reliable figure in analysing Sternal puncture
counts. This figure represents the ratio between the immature
cells of the gramulocyte series from Myeloblast to young
neutrophile forms incelusive, and that of the percentage of
Erythroblasts. Irrors due to dilution with eirculating blood

are thus eliminated.

In the present study the leuko-erythrogenetic ratio

by age has been calculated.

Myeloid and Erythroid Dispersions.

These are expressed by stating the percentile
proportions of Myeloblasts, pre-myelocytes, neutrophile
‘Myelocytes,and Young. found taking the sum of the percentage

of these cells in the total count as 100.

In the Erythroblast series the percentage of the total
number of ecells represented severally by Type I, Type II,
Type III.and Type IV will express the maturity dispersion.
For'this pérpose Type III and Type IV are grouped together
(Scott 1939).



1.

CASE HISTORIES

0‘— 9 Years

THEIMA R - Aged 6 years.

Admitted to hospital.with Peripheral nerve injury to left arm.

. Exemination of heart, lungs, throat and abdomen revealed no
abnormality.

Sternal puncture 3 months after admission to hospital.

JANE X - Aged 5 years.
Admitted to hospital with Peripheral nerve injury to right arm.
Physical examination negative.

S.P. 4 months after admission to hospital.

MARGARET G - Aged 5 years.

Admitted to hospital with Cerebellar Astrocytoma which was
successfully removed at operation;

Examination of heart, lungs and abdomen revealed no abnormality.

S.P. shortly before dismissal.
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10 - 19 Years.

Miss McA - Aged 17 years.

Admitted to hospital for convalescence following left
Pleural effusion. Physical examination of chest
revealed no gbnormality.

X-ray examination: No effusion but Pleural thickening at

left base.
E.S.R. 10 mm/hour.

S.P. after a period of 6 weeks convalescence.

Mr. W - Aged 15 years.

Admitted to hospital with a history of FProntal headaches of

4 years' duration following a biceycle accident.

120
88

X-ray skull: negative

Blood Pressure = mm/Hg .

X-ray sinuses: negative T

Electroencephalogram: negative.

Physical examination: negative.
Pinal diagnosis of Neurosis was made.

S.P. prior to discharge from hospital.
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Mr. ¥ - Aged 17 years.

Admitted to hospital on account of a head injury 3 years
previously which was followed by left hemiperesis.
He still complains of weakness of the left side dut
-examination of the central nervous system reveals no
abnormality. Both grips are satisfactory.

Fundi: normal.

\

130 mm/Hg .

70
Final diagnosis of Neurosis.

Blood Pressure

S.P. prior to discharge.

Mr. H - Aged 18 years.
Admitted to hospital with fracture of right femur and injury
to right wrist. Physical examination otherwise negative

S.P. prior to discharge home.

Mr.D - Aged 13 years.
Admiﬁted to hospital on account of spastie flat foot.

Physical examination otherwise negative.



9.

10.

11.

1z2.
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Mr. ¢ - Aged 17 years.

Admitted to hospital with bilateral Genu Valgum for operative

treatment.

Physical examination otherwise negative.

Miss H -~ Aged 15 years.

Admitted to hospital with history of Tepeworm of one year's

| duration. Following treatment the head of the worm
was procured. Physical examination otherwise negative.

S5.P. prior to discharge.

Mr. C - Aged 16 years.
Member of hospital staff who was willing to have Sternal
Puncture performed.

Physical examination negative.

Miss MeC - Aged 18 years.

Admitted to hospital with Right Haellux Valgus for operative
treatment.

Physical examination negative.

5.P. prior to operation.
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Miss B - Aged 12 years

Admitted to hospital for convalescent treatment following a
history of vague rheumatic pains and swelling of both
feet.

Physical examination negative and no signs of rheumatism
detected.

E.S.R. 5 mm/hour. Temperature normel.

S.P. prior to discharge gfter_a period of 2 weeks'

gonvalescence.



14.

15.

16.

’

- 28 =

20 - 29 Years.

Mr. MeC - Aged 26 years.

Admitted to hospitel with gunshot wound of right ankle.

No fracture.

Physical examination otherwise negative.

5.P. while convalescent.

Mr. R - Aged 22 years.

Admitted to hospital with fracture of Right Tibia.

Physical examination otherwise negative.

S5.P. while convalescent.

Mr. M - Aged 24 years.
Admitted to hospital with vague history of

Perforation 2 months prior to admission to hospital.

Fractional test meal showed normal acidity.

Barium meal revealed no active ulcer present.

Physical examination negative.

S.P. prior to discharge.

gastric dyspepsia.
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18.

19.

Mr. C - Aged 23 years.

Admitted to hospital with fracture of Pelvis and right
Humerus following motor accidenf.

Physical examination otherwise negative.

S.P. while convalescent.

Miss B - Aged 20 years.

Admitted to hospital with history of Asthma since childhood
for investigation. No asthmatic attacks during stay
in hospital.

X-ray chest negative.

Physical examination negative.

Blood Pressure l%%. mm/Hg .

Peripheral blood film showed no eosinophilia.

S8.P. prior to discharge.

Miss P - Aged 22 years.
Admitted to hospital with left Pleural effusion.
S.P. when effusion had cleared and X-ray examination of

chest revealed only Pleural thickening at the left bass.

E.S.R: 8 mm/hour.
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2l.

22.
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Mr. B - Aged 28 years.

Admitted to hospital with history of epigastric pain 1 - 2

hours after food of one year's duration.

Practional Test meal showed high acidity.

‘Barium meal, Active Duodenal Ulcer present.

Physical examination otherwise negative.

S.P. following treatment and when Barium meal showed that

the unlcer had healed.

Mr. W - Aged 26 years. »
Admitted to hospital with loose right interneal Meniscus
which was subsequently removed at operation.

Physical examination otherwise negative.

S.P. prior to discharge from hospital.

Mrs. D - Aged 29 years.

Admitted to hospitael with history of epigastric pain of
4 years' duration, nausea and flatulence.

Barium meal revealed no abnormality.

X-ray of Gall-bladder showed a single cholesterol stone

Gall-bladder.
No operative treatment desired.
Physical examination otherwise negative.

5.P. prior to discharge.

in



23. -

- 31 -

Mr. MeN -~ Aged 23 years.

Admitted to hospital with history of vegue epigastric pain
helf an hour after food since 1937. Also history of
right Pleural effusion 2 years previously.

Prectional test meal showed a high climbing acidity.

éarium meal: No ulcer present. |

X-ray Chest showed Pleural thickening at left base.

E.S.R. 2 mm/hour. |

Physicel examination negative.

S.P. prior to discharge.



30 - 39 Years.

l24. Miss L - ~Aged 32 years.
Admitted to hospital with history of 'fits' of 6 months'
duration.
Blood Pressure l%% mm/Hg.
Central Nervous System showed no ebnormality.
Fund i: normal

X-ray skull showed expanded Sella Turcice in meanner of

Pituitary neoplasm..

25. M. H - Aged 32 years.
Admitted to hospital on account of Disseminated Sclerosis.
This was confirmed by examination of the central nervous
system.

Examination of heart and lungs revealed no gbnormality.

26. Mr. McF - Aged 31 years.
Admitted to hospital with history of Dyspepsia of 15 years'
duration.
Fractional test meal showed high aeidity.
Barium meal no active ulcer present.
Physical examination otherwise negative.

S.P. prior to discharge.



27. Mr. D - Aged 34 years.
Admitted to hospital with compound fracture of Right Leg.
Physical examination otherwise negative.

S.P. during convalescence.

28. Mr. L - Aged 35 years.
Admitted to hospital with a history of epigastiric pain and
sickness of 3 years' duration.
Fractional test meal showed a moderatelyrhigh acidity.
Barium meal: Duodenal ulcer preseﬁt.
Physical examination otherwise negative.
5.P. prior to discharge when Bariumvmeal examination

showed that the ulcer had healed.

29. Mr. P - Aged 38 years.

Admitted to hospital with a history of vomiting and
epigastric pein half an hour before food of 9 years!
duration.

Fractional test meal showed a moderately high acidity.

Barium meal: Activé Duodenal Ulcer present.

S.P. prior to discharge when Barium meal examination showed

that the ulcer had healed.
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30. Mr. ¢ - , , Aged 36 years.
| Admitted to hospital with history of "merves" of 4 y=mars'
duration. Vague gastric symptoms of 2 years' duration.
Patient had been under the care of a Psyehiatrist.
Fractlonal test meal showed normal aeidity.
Barium meal: no ulcer present.
Physical examination negative.

8.P. prior to discharge.

31. Misg ¢ - Aged 34 years.
Admitted to hospital with history of right-sided Séiatiea
of 4 weeks' duration.
Otherwise physical examination negative.
E.S.R. 5 mm/hour.

S.P. following treatment and prior to discharge.

32. Mr.D - Aged 31 years.
Admitted to hospital with history of Tapeworm. Following
treatment the head of the worm was not procured.

S5.P. prior to discharge.
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3. Mr.R - Aged 31 years.
Admitted to hospital with history of gastric ulcer one year
previously. No symptoms on admission.
Physical exeamination negative.
Practional test meal shows normal acidity.
Berium meal: slight deformity of the Duodensal cap. No
ulcer seen.

S.P. prior to discharge-



4.

35.

26.

- 36 -

40 - 49 Years

Mr. A - Aged 43 years.
Admitted to hospital with history of headaches over right

Parietal region of six months' duration.
Blood pressure l%% mm/Hg.
X-ray Skull and Sinuses negative.
Cerebrospinal fluid normal.

Txamination of central nervous system revealed no abnormality.

- 8.P. prior to discharge from hospital.

Mr. X - Aged 47 years.

Admitted to hospital with history of comminuted fracture
of upper % end lower % Left Tibia.

Physical examination otherwiée negative.

S.P. during convalescence.

Mr.B - Aged 41 years.

Admitted to hospital with Duodenal Ulcer of 5 years' duration.
Fractional test meal showed a high acidity.

Barium meal: Duodenal ulcer present.

Physical examination otherwise negative.

S.P. prior to discharge when Barium meal examinsation showed

that the ulcer had healed.



3.

58.

9.

Mr. W - Aged 49 years.

Admitted to hospital with a history of gastrie trouble
20 years' duration.

Fractional test meal showed a high acidity.

Barium meal: Active Duodenal Ulcer present.

Physical examination otherwise negative.

S.P. prior to discharge when Barium meal examination

showed that ulcer had hesaled.

Mr. T - Aged 44 years.

Admitted to hospital on account of abdominal pains.

X-ray of abdomen showed left Rengl caleulus. No
hydronephrosis.

Renal function good.

Urine showed no abnormality.

Blood pressure l%%’mm/ng

Physical examination otherwise negative.

S3.P. prior to operation.

Mrs. ¢ - Aged 42 years.

Admitted to hospital with Left Renal calculus with
hydronephrotic kidney.

Urine contained albumen but culture was sterile.

of
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39 (continued)

40.

41.

Mieroscopic urinary deposit contained no significant
abnormality.

Blood pressure l%g mm/Hg.

Physical examination otherwise negative.

S5.P. prior to operation.

Mr. McE - Aged 49 years. ‘

Admitted to hospital with a history of spasmodic Torticollis
of 3 months' duration.‘

Blood pressure l%% mm/ Hg .

Wassermen reaction negative.

Physical examination negative.

Pollowing suggestion under sodium pentothal the Torticollis
disappeared.

S.P. prior to discharge.

Mr. MeI - Aged 42 years.
Admitted to hospitel for Right internal meniscectomy.
Physical examination otherwise negative.

S.P. following operation.



42.

43.

- 39 -

Mr. O'D. = Aged 45 years.
Admitted to hospital with fracture of Left Femur.
Physical examination otherwise negative.

5.P. during convalescence.

Mr. MeK =~ Aged 46 years.
Admitted to hospitel with history of epigastric pain &
8 months' duration.
Fractional test meal shows a high acidity.
Barium meal: Duodenal ulcer present.
Physical examination otherwise negative.
S.P. prior to discharge when Barium meal showed that the

ulcer had healed.



44.

45.

46.

50 - 59 Years.

Mr.IS - Aged 51 years.

Admitted to hospital with a history of Duodenal ulcer
| ago and a recurrence of epigastric pain.

Fractional test meal shows normal acidity.

Barium mesl: healed Duodenal uleer. No aétivity;

Physical examination otherwise negative.

S.P. prior to discharge.

Mr. McG - Aged 59 years.
Admitted to hospital with fracture of left Femur.
Physical examination otherwise negative.

3.P. during convalescencs.

Miss McK - Aged 53 years.

Admitted to hospital with gastrie his tory of 7 years'
duration.

Fractional test meal showed normal acidity.

Barium meal: large Duodenal ulcer.

Physical examination otherwise negative.

S.P. prior to discharge when Barium meal examination

showed that the ulcer had healed.

S years



47.

48.

49.
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r. MeD - Aged 54 years.
Admitted to hospital with fracture dislocation of 7th and 8th
Dorsal vertebrae and paraplegia.
No urinary infection.

S.P. during convalescence.

Mr. G - Aged 52 years.
Admitted to hospital with history of cramp-like pain in
both legs after walking 200 yards of 18 months ' duration.
Blood pressure %%% mm/ Hg .
X-ray showed no calcification of arteries of legs.
Physical examination otherwise negative.

S5.P. prior to discharge.

Mr. L - Aged 54 years.

Admitted to hospitel on account of occasional attacks of
vomiting of 15 yeers' duration.

Fraction&l test meal: normal acidity.

Barium meel: normal. |

Physical examination negative.

S5.P. prior to discharge.



50.

51.

52.

- 42 -

Mrs. G = Aged 56 years.

Admitted to hospital on account of right-sided Hemiplegia
following ? cerebral aneurysn.

Blood pressure l%% mm/Hg.

Cerebrospinal fluid: ZXanthochromie.

8.P. prior to discharge when patient is convalescent and

movement of right side is greatly improved.

Mrs. G - Aged 56 years.

Admitted to hospital on account of Essential Hypertension.
Renal function is satis factory. |
Blood pressure %g%-mmfﬂg.

Physical examination otherwise negative.

Mr. C - Aged 50 years.

Admitted to hospital with torn internal cartilage of
right knee.

Physical examinaticn otherwise normal.

S.P. prior to discharge.
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53. Mr. G - Aged 52 years.
Admitted to hospital with history of headaches and giddiness.
Physical examination negative.
Blood pressure l%% mm/Hg.
Cerebrospinal fluid normal.
X-ray sinuses negative.
Electroencephalogram normai.

5.P. prior to discharge.-
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60 - 69 Years.

54. Mr. G - Aged 67 years.
Admitted to hospital with fracture of left Femur.
Physical examination otherwise negative.

S.P. during convalescence.

55. Mrs. ¢ -~ Aged 66 years.
Admitted to hospital with intracapsular fracture of neck
of right Femur.
Physical exemination otherwise negative.

S.P. during convalescence.

56. Miss McK - Aged 66 years.
Admitted to hospital with transcervical fracture of neck
of right Femur.
Physical examination otherwise negative.

S.P. during convalescence.

57. Mrs. McM - Aged 67 years.
‘ Admitted to hospital with Potts fracture of right leg.
Physical examination otherwise negative.

S.P. during convalescence.




58.

59.

60.

- 45 -

Mr. G - Aged 63 years.

Admitted to hospital with history of vague rheumatic pains

in hands, shoulders and neck of 7 years' duration.

No joint swellings.
E.S.R. 2 mm/hour.
Physical examination negative.

S.P. prior to discharge.

Miss MeE - Aged 65 years.

Admitted to hospital with old history of Duodenal
and hour-glass contraction of stomach.

Fractional test meal showed normal acidity.

Barium meal: no active ulcer present.

Physiceal examination otherwise negative.

S.P. prior to discharge.

Miss W - Aged 66 years.

ulcer

Admitted to hospitel on account of Hypertension with

cerebral softening. Left facial palsy and increased

tendon jerks in left arm.
Patient is doubly incontinent.
Blood pressure +29. mm/Hg.

P 5 /Hg



61.

62.

63.

' —46-

Miss P - Aged 62 years.
Admitted to hospital with left Hemiplegia of 7 years'
duration and right Hemiplegia of 3 years' duration,
Right arm and both legs paralysed.
Blood pressure 170 .
ood pressu ey mm/Hg

Miss G - Aged 66 years.
Admitted to hospital with Paraplegia.
Patient is Aphasic and is incontinent of urine.

' 210
Blood pressure —= mm/Hg.
P 110 "/E8

Mr. T - Aged 62 years.
Admitted to hospital with fracture of neck of left Femur.
Physical examination otherwlse negative.

S.P. during convalescence.



- 47 -

70 - 79 Years.

64. Mr.M - Aged 72 years. |
Admitted to hospital for Arthrodesis of left hip on
account of Osteoarthritis. '
E.S5.R. 8 mm/hour.
Physical examination otherwise negativé.

S.P. when convalescent.

65. Mrs. U - Aged 70 years.
Admitted to hospital with fracture of left Femur.
Physicel examination otherwise negative.

S.P. when convalescent.

66. Mrs. F - Aged 74 years.
Admitted to hospital with fracture of neck of right Femur.
Physical examination otherwise negative.

S5.P. when convalescent.

67. Mrs. H - Aged 71 years.
Admitted to hospital with cerebral softening.
Physical examination negative.

Patient is senile.



68.

69.

70.

71.

72.

- 48 -

Mr. H - Aged "8 years..
Admitted to hospital with fracture of left Femur.
Physical examination otherwise negative.

S5.P. whem convalescent.

Mr. B - Aged 78 years.
Admitted to hospital with right-sided Hemiplegia.

Blood pressure lé% mm/Hg.

Mrs. H - Aged 71 years.
Admitted to hospital with Senility.

Physical examination negative.

Miss P = Aged 78 years.

Admitted to hospital with Senility and Incontinence of
Blood pressure lg% mm/Hg .

Physical examination negative.

Miss B =~ Aged 73 years.

urine.

Admitted to hospital on account of Cerebral Degeneration.

Upper motor neurone lesion of right side.

Incontinent of urine.



- 49 -

73. Mrs. S - Agéd 79 years.
Admitted to hospital on account of Senility.

Physical examination negative.



4.

- 75.

76.

7.

- 50 =

80 - 99 Years.

Mrs A - Aged 80 years.

Admitted to hospital with Fracture of neck of left Femur.

Physical examination otherwise negative.

S«.Y. during treatment.

Mrs. G - Aged 80 years.
Admitted to hospital on account of Senility.

Physical examination negative.

irs. MeP - | Aged 84 years.

Admitted to hospitel with Senility and mental
Doubly incontinent.

Wasserman reaction negétive.

Arms are spastie.

Mrs. R - Aged 81 years.
Admitted to hospital with Senility.
Patient confused and restless.

Physical examination is negative..

degeneration.



78.

79.

80.

81.

- 51 -

Mrs. MeN - Aged‘86 years.
Admitted to hospital with senility. Patient is restless
and incontinent of urine.

Physical examination negative.

Mrs. M - Aged 93 years.

Admitted to hospital On account of senility.

Blindness of several years' duration.

Area of cardiac dulness is enlarged otherwise physical
ewmination is negative. -

Blood pressure %gg mm/Hg.

Miss G = Aged 82 years.

Admitted on account of senility.

‘Heart sounds of poor quality.

Blood pressure %g% mm/Hg.

Miss B - Aged 90 years.
Admitted on account of senility.
Heart sounds of poor quality.

Blood pressure lg% mm/Hg,



82.

83.

- 852 -

Mrs. C - Aged 91 years,
Admitted to hospital on account of senility.

Heart sounds of poor quality.

150

Blood pressure 100

mm/Hg.

Mrs. McA - Aged 80 years.
Admitted to hospital with Right Hemiplegia.
220 j
Blood pressure 22~ mm/Hg.

P =5 /EBg
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‘The following tebles show the Bone Marrow findings

in the 83 casges selected for investigation:-
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Age Group 20 = 29 years

59

7o ¥ IR BT Sl IR BB I Bl Bl B R
o] ) o~ ) < o~ —t Ly < i\.! QO s
3 LI i - — | — |
®
© T edfL wfl TS T N (e el e 2k
4&; -t N Q (@] 4\ [fa (%] o — o .
o = N
—
2 dx D~ o] W) W) Q ) £~ o~ ¥y
o IE 2dAL e . . 1 . * - B . . ) D
E o o @ i o ~ (o} —i -
] O
>
N
- ) ) % - :
& I odfL e . . v ! E30 IR IR A i ]
o i | & O Q Q Q2
i - ©
91 £0048aBBBay 2 ) 9 ol i < i } : i -
Q i — @)
!
; =t
. 2 o o 19 ~ 1D
S[OJHL R 1 . i I . 1 © . 1 - M
~ & &) @) O @
93 A00UON w2 1 i ' i t “ < ' ' e
(W] Q 1 o
0t~ (@] ~ D - [t ) O~ (@] 9] (C?!
e'}&andm&I R e 4 . . . 3 T . . L: .
) ] O Ee] Q « D Wy Wy Q =
# — =) —~ (¢S] i (an] ~ — ¥ ~
'54 o~ ) o~ [ Q Y
o 1aTTydoaanay we P L SO A B . S B
Q pNe) [qV NS &} (€AY 0 N () O uy o
g ~ — o4 IsY] —~ o~ —
L, - 0
2 wll @2t el ais]e | |R
ortydoutrsod ! 4 | o |~ —l o | o 1ol o @
: s
i - & (2
oerTydoIansy w2 1N w1 A 251D <Q .
Lol : o oN | N ! Q 4 o~ O (@) —
& ] i — — - ™~ — —
©
m ) . &) (] ) tfi ] : a) ; Cg
rem ® . . n . - [X
ST TydoUT 80K o Q — ~ o o o] @ S
) \ e} © (SN A o~ 3
GI';II{CIO.IQ.HGM ‘g\‘g b‘- b? L L: - » - r :(2 . L
ap ’ — ~ [« N O o o~ 1 o | o N IS
a — ba ~ ol — e ~ 4
g SIS BE
- o . -~ i
P! leTtudoutsod we ff ~ | © SR o s
[ - o ) - L‘?f'
';_. srydoagney  we 2 I “ < & T . ~ . B
o R o |w | - oy | o] =] o o~
Qo ) o o o & ol - 0 —~ =+ | Qo
—~
) A B
= 0 [En [~ ) 2 o~ 0~ (@]
=2 leTt T80T e 4 i ! . . " ‘ ¢ * ! [
& [eTrndoutsod e |l (&) — | Q@ .
o
- 0
R R R A N B
L] - - -
srfooTofm-oy Nl Sl |w | ol =x|w]a]w |«
. ] . w3 ) O [&] . ' nq —N:I’
O . L] ”~ L L
}serqoT o4y R o © o 1w ~— °o1g
. i
I [} o W |0 o 0
sIeef UT oY 3 & & ci e &l X I RN Y g
- . kq
JI3qumpN ese O t- w N o ~— N L &4
aumN Y ﬁ — i — rD—i Q4 Ql QA [§\]




Age ¥
roup 30 - 39
ears

o
Q

[43]
—~
3 AT ad
dA =
@ . > 0 -
(&) - |2
+ I : 6 : :
o i | . »
ILf &c ; ; ' :
r‘g i ad B8 2 C\{ : \5 O
5 ARRE L
H IT =d£ 0 2 1 Q 5o k k
I - 3 |3 5 . S
el L "L l; H
b= I O . Q — o = N
2 : (\.' - () Lt o~
B2 - rl‘v |
' ) o~ -
-
LD < 0 - | : :
s —i N S E
204183 eT ne ' T [\:
ar W ' L o
Joan ! A [5%] S ‘:iij-
[} )
RSN I : | U
o |o 3 l |
eq'K Q cs t(?. ¢ ] >O 3
OOHUN - S t O. 9] (5
I - 2 S
i . S lo 1 sl
Gq.x{ 1 | . ;}\
E Ooqdm - - _ 1 [ ‘2
rg‘ . . ) ] § -
N - ‘
. : 212 QO ;
2 Ttydoazne R aE : 1 s I
5 N BR p | .
a ~ 0 ‘ ’ 4()
‘6’ 0~ . (@] ﬁ CO . :
& oo il ] el Bt 1 v
T — 1y : 9] . i} . :
..tqdo ¥ ” 2 Q ~ .
& ] S} - : | : |
CS : N’) K Tg b_ c_z cc))‘-.-:‘
| at g
| —[quo : C.) - e .
I L\ | N
; zaneg o " : e PD{
£9 N O O | g’)
o~ N : -
o1 2121215 T E
rydouts ‘ b " O i H 7
reoz W f| 2 XE : I Q
- r—* Q A. m i
Q 1 1 — r("_'f r'—.[ ; {_{ = g
&D ertydo B - - T
= J3N SN K | w Q '
o N B CO‘ C)o o Q ! f“: W . “‘\;
P let S |3 o~ G |o S o R
-F-qd CO‘ . S~ - r»:l 3 L{%
- l\: £~ :; [~ ™~ © (;
o | | .
o ' L |
R 1 - : t? :
1S TTudox | ‘ T (m
5 ney we || S L J\
8 2 19 i
Q|9 —t*'d)- n«’; ¥ O~ i r:‘ | :
2 TTydout P = N
. Q o) el : g |
034 R D B B 2 8N Sk
20T 24 'JY o P o o LA 3 =
\I"QM A4 o~ © C; Q 20 . \'.\‘—i r_.
- ° ‘ | v\
- [Ys) [Q\ ] - | (\'
Ql . (@ - f. K
4 ~ 2 {9 - L
q. sgtq 2 C\‘! t? ° T o r':i O;\
OTG&?{I . t«‘a [p] N \g; N« e (@]
SJ + - < L B
BaLk : | H . o
e N ‘ - A ©
9 . .
= S ' = 1 - o
- S : O 9
& NERE AN}
ba 1@ 1% aEar ‘
o o~ i :
: X = —
: (O\I\ : = i
Y 5 :
) o :




= 0.

9Geori 00* Y |63°C {L2*0 - Jzgeo l90*0 leGwtllooc T2 96 a YoroT [60°0 [LG*g |60°0 [L6*T2|6e O | 06*2| 650 = usay

Lht) ee et - - - -~ {Q<ST f{Leot | Lo | OofT| - o*ety - L*6T1 @0 | g2 | - o teth

o°grl L*G | 21| L'0 - L*0 ~ {2°G fleeet t ¢*0 | ¢4 | 0 | e TT| ¢0 | 462y O°T | L°¢ |e'T 4% |a%

eeT | 01 - - - g*0 ~ {cro1 lll*o1T - oY) - FAR AN B grozl 23t 0°¢ | - e 1T
g9l L% | g0 - - g | ¢o leegr oGz | orT ) ocgry - | L°G | g0 | ¢6T] g0 joh|oT 6% |of
Leb} oghs [ OT ] g0 - v T ~ loezT lleTT | €0 ) L6 - 0L - geGet 0°T | L°T f¢0 leh (6¢
e Crl o1 | O°T| ¢0 - g0 - {0°6 (le*Ge} Lo L9 - o'Q - o*lT) Lo | o jdo WY Ige
0°5f ¢*G | ¢1 - - - - {lef2lleGz | 0T | 0°Q [ ¢O f O0'¢ - legry -~ 0*¢ {g*0 {61 |lg
¢l o6 f Lot Lol - feof - e Wit ool - el - logel - feziot lthofoe
0°6] L0 | eT | LO - g0 ~ |lgr ljoc0z | 0| g°cT] @0 | g°tT} ¢*0 | 0*22} -~ g*T je 0 L% |G
o*¢l O°T | g*0 - - - ¢*0 {g*ee lle*oz | o*T | 0L - 0° ¢ - Lrog) ¢*0 | L'g jorT fef i
i!)th.kﬂb T — = — L\ — \r L S
o/ o/ o/ of o o/ o/ o/ [ ol 4 o/ o7 o/ o o/ o/ 0
e o e s - L 2 e i st kA £ S P e ) £2 P ..v a
3 o e ® = 5 c @ c @ e 1 2 =3 2
¢ @ [0} o Q o} Le] o+ - o+ - o+ oy s s o o [N
= = (¢} g = ] H = H = = = t = [»] =4
4 = H g < Q o 0 o (s} (=} o 0 0 5 o g
4 ~4 ot O Lo} ko] ko] ko] 3 Lo L] ko] < (=2 <
=4 e @ ] = =g =3 j=d =3 =g =4 =2 o = ® |o
o] ot [ e = [ = - - 1= I~ o ® 1o
L A 1 Q ® — = et I~ = [~ = = o] 4] HiR
M. i @ [¢) @ ® ) [} o) o nm ot 1)
STTS0 3SeTqoIuUtATT ® ydIoulTog pued Juanox 81 A00T 94y &

saesh 4 - Of dnoxd &3y



- 62 -

e |}
6TOT[ 90T [g6°0 | 660l - 169°0 [60*0 {GO*zrfloo e o (fieseT|9g 0 {Tg*6 [22*C {T15°T¢| 9L*0f TT°2|T1g°0 = wumen
LTt LT | 0T - - 0°T | g0 |o°fr PfLLT | L°C fo°TT | ¢°0 | 0°9 - lerzg [L°0 {g*z (g0 {2¢ |e¢
¢ L} ez - oifo. - o'T | o0 l0°6 Heear | ¢*0 |L0T |oO°T | e Hrj ¢0 [Lrge |g0 g1 Jero oG |26
e TT| ¢6 | LT 1 ¢°2 - e T | = [leer Jorb | ocT [LeTT | L0 | L9 | g0 {L°Gz |0tz LT L0 |9S TG
grar| 002 | oz ATl - e | = izt flore | 400 |otiT | g0 | LeoT| gro fotbz | - |Ltz {et0 |9 [o§
0*G| o% | o0 | = - - - {l°17T lleot - oI | ¢*0 | 06 - jletg (4tT [Lte feto TG |61
o'g | oz |¢o| - - | eo| - Joo foror | - feg - {1 0°g - {llWye0 |Lro fgro |3S |8f
gl | ¢9 | L0} g0 - QT - 04T [[4°GT | O°T [L*TT - lo*zr - {0o*fz {O°T ({02 - U B VA
¢ L | 20 | L0} g0 - - - [0°TT §2°9T | ¢*0 |&°¢T | g0 | &g | Qo1 [L°G¢ jg O [O*¢ g0 !lgG o
Lozl 0% | ¢z} 0T - 0°T - |16 JooT - J0*0T } 2*0 ] 2*g | e 0l¢g 9z jO'T |02 (g0 |65 {41
o*zt} ¢°¢ | ¢@ - - O°T | ¢*0 |21 fg°12 | ¢*0 g 6T - 0°l - Jo*22 jg'0 LT g0 TG {Wh
% % % % % % % % % % 2 % % % % % % %
. = +3 = , = = = tat A = 5
Sl &l 8| (g e8| elaleglele|d|w|&|alg
ko] 3 kot = 2 Q (@) ke ot . ot | ot e IS4 e (1] (] [¢/]
@ @ o @ 23 B &) = = ] = jo] By = K [=} 8 b %
, g < ] o o] o © o o] o o 8 o) o
=4 4 1 ot Q L] ko) e o] 3 Lo} Lo} ko] = = s
ey 4 egd ® DY} = g IS4 5 =2 = = 5 ® et =
= o) s s e e e " e P [ - o < m
5 e ® [ [ I~ = = b= - I~ o} (%) o 5
mw ® @ o ) @ o ® ) m ot m &
H
STTOD 18BTqOIUIATH @ OWATOL pueg Junox 91 £00T34N Mm. @
1

saeol 5§ - 0§ dnoxd asy




- B

1 H B
! ¢
T2*TT169°% 106°0 (22*0 | - | HG*0iraigoeTT)ieS* 91! Gireo} LT*GT [2e*0 109°9 |€0*0, c0*0f g6 92| €°0[Lg 2 | L0 = ueay
Leztietl (ot - - - = (LW 0t6Tig*0 | 40T - ey -i- a2 - e*'T| ¢01{29| €9
{
0L lo*e g0 - b= |20 = lgel |1 O%6T] - {0°TZ | @0 | L'9 -} - jg€¢e] - peT| - 199 29
o*9tjgre {o°T | gof - [g0| - jewg jloror | - et g0 L6y g - ltogt - | 0T erT 29 | 19
0°TT{ 0L = geo il = - = |G TT [} ¢ 9T 0 | LT | L*0 | LW = {gr0 g6 ¢0} g1 -~ 199 | 09
0°9 {06 Lot - - - - 1Le9T |} L6 jgr@ 1092 | g0 LeOT! = = g9t | ¢ 0l LWl g0 |G| 6G
0*¢Tieg |[0°1 g0l - lo*ziglog lle4 losT |O%¢r | g0 | gear! =~ - {gbz | ¢0f Lz| Lolgy]| af
0*L 10 ile0 ol S AN Roado T VAR ol { VAt ol K-hl o Hoite ) AR HRE N -1 S R o P2 AR B A ALV P B A
LeTTigee LT Lead - totT | - Jettm jjec9T (g0 |¢rot - 0°g | - - lg'te - et | L0 99 | 99
LPTIT}0°9 (g0 g*of = (Lol = jo'g Jo*GT leeT{l9r {¢T | g9l - | - |egbz|lt]| Lz} Leologg ] &Y
R

0*9t} 20 | ¢°T | ¢0 raw - - oWt Ylo*te j¢r0 |itTT - ot} - - lo'¢l - LT - {49 | Y]

% P A % % | % 2 % T A iTwﬁ ja 7 7 7 A % o % A

= 3 +3 = 3 [ = = | o i et ) _
I O O - - I A A O - O - - IR Y-S I
& @ ® ® 55 o ] is] o b o - o pis 7] = 19 @ o ® 1]
= =g (] g = [ = = = ] o] o e t =~ ®
=R =N = A AN N R e S T T U< I R I T = I
= = < @ & A ¥ = ke = - =3 3 @ = =
e} o - =4 e [ e e - g =8 = o o =
; S ° v |6 O O N S M T < R = N - B 8
< o | ( y o @ < Rl H
[]
STT9eD 38BTQOIYIAIT \xmmnoshﬂpﬁ pusd. Sunox s3L00To /N @

S8I894 69 - 09 dnOID 83y



- 64 -

et S rjteetitret Jjeoto (520 [9T°0 %m.mﬁ CT*HT[6G°0 |g6°gT|92 0 [La g [S4T°0]gu 0 (5L G2lg9 0oz e 790 = usoy
JAR-S AR vi g PAR S BN - 0 - fo*iT )} L6 - L*2Tje*0 | L'g e 0 | - gregy - Loz L o1 164 gl
Lewlotg Lo | AT - et | = Jorer || L+6 Lot | oczrfoct |otl fer0 | - ] Ltee|ltO | LT | L0 jel (&L
grizilez jecz | O'1 - g*0 - g9 YA - gt - g6 | - - g Q2 - e T - gl 1t
Lol oot AT f LeO ff g0 et - jereT i L6 - ce 2z - A - e 020" T | g*2 | L0 [Tl ol
leeriorT | - - - - gr0 {L*9T | ¢*ezf 0°T | Loty = o*s | - - o*S4el - 0*z | ¢70 8L |69
C*QT L 0 |40 | 0T - L0 | g0 fe ST || 08T O*T | o*Wrfo*tT | Leg { - 2*0 y L*0gj¢e T | 02 - {3l 199
41~
getrjotg |0t | o1 - 0°T i DAL Q*9T} ¢t} O} - LGleo | - Ce0Q 0T | Log | 4T {14 |49
ofrrferz |~ [ oz} - otz | = [o9rlf 0v9Tf g0 | 06T} - |o0o*5e0 |- | ¢ariito et | Lo L 99
0°9 |4+C lLe0 | L1 - g0 | G*T Jo'g 2*9T] ¢*0 | 0°91j¢*0 | g*gj¢0 | - geogieT | a2 ) o*T |0l {99
L*GT{o*T |2*0 | ¢*0 - g°0 = {L°GTH LelTj O°T | ¢6 | - g6l - - leogjg 0 j 0°2 | ¢*0 2L If9
% 1Y % % % % A % o % % % o A A A o % %
L= sl = i &= ’ b=

fﬂw M_ nMu 3 ﬁ =3 = Il w o m 2] W ] % m n% H = oww mw
ks 3 o) &g (62 ] 0O (33 e ot = = - 0 o 1] o ® @
® ® ® 5 @ H = g H 5 H = o+ = o = - o o o
@ W. o o 3 (o) (o] o O = (o] L] o 3 ] bt = )
= I = IS - I - - - - - I - - - - I - I R R -
=] < ot Q = e - e ja i [ . =y ®© [ < m
o] ®© & - = [ = . I~ (] = = = o] o] o
Q o o @ ® © by ® o I o} w o @
E " gl ~lad|”

STTOD 1SBTQOLGATHE i o ydIowATOF pueg Junog 83 L0070 LN P

sxgek &/ -~ ol dnoan oT%




Age Group 80 -~ 99 years
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Percentages of the Various Types of Cell
counted in the Complete Series

Type of Cell
Myeloblast

Pre-myelocyte

Myelocyte E
Myelocyte N
Basophile
Young E
Young N
Band E
Bend N
Polymorph E
Polymorph N
Lymphocyte
Monocyte

Turck

Megakaryocyte
vErythroblast I
Erythroblast II
Erythroblast III
Erythroblast IV

of 83 Patients.

Percentage of Total

0.44
2.35

0.74
28.71
0.01

0.20

9.65
0.30
12.47
0.58
13.92
12.69
0.08

0.49
0.06
0.46
0.87
4.06
”~,_1lw3°ﬁ



COMPARISON OF VARIOUS AUTHORS' RESULTS

As has previously been stated, it is not always easy
to compare the results of different aunthors on account of

the wide and varied terminology used.

With regard to children, the following tables show
the results published by Kato (1937), Diwany (1940} and

Vogel and Bassen (1939) as 'mormal' findings.
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VOGEL end BASSEN (1939)

Myeloblasts 1 -5%

Myelocytes 10 - 25%
Non-segmented Neutrophiles 14 - 38%
Segmented Neutrophiles 6 - 34%
Lymphocytes 1 - 25%

Haeematogones may be absent but

in one case = 20%

Reticulum cells 0 - 0.5%
Megakaryocytes 0 - 0.5%
Megaloblasts 0 - 1.4%
Erythroblasts 0 - 15.4%
Normoblasts | 2.5 - 37.5%



Myeloblast
Premyelocyte
Myelocyte

Young
Band
Polymorph
Lymphoeyte
MOnooytg

Tirek
Erythroblast

-71 -

Preéent Series

(0 - 9 years)

Eoginophile
Neutrophile
Eosinophile
Neutrophile
Eosinophile
Neutrophile
Eoginophile

Neutrophile

Type I
Type II

Type III

Type IV

0.33
2.10
1.33
23.87
0.33
12.57
0.43

13.10
. 0.90

7.10
21.67
0.10
0.23
0.67
0.67
7.67
6.90
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From the foregoing tables it will be seen that the

present findings in children compare favourebly with those of

other workers.

Kato (1937) end Diweny (1940) both state that segmented
cells are relatively low, that Myelocytes end Metamyelocytes
form the largest percentage of Myeloid elements, and that there
is a relatively high percentage of lymphocytes, particularly

in infants.

Vogel and Bassen (1939) gquote a higher segmented cell
count (6 - 34%).

The Red cells show great variation. Diwany (1940)
guotes 5 - 18.5%, the majority being erythroblasts.

Kato (1937) quotes 18 - 20%, mainly normoblasts.

The present work shows & low Normoblast count (6.9%),
but the classification of Erythrogenetic cells differs from

that of other workers.



-73—

The following tables show figﬁres published by

various authors on Normel Adult Bone Marrow investigations.

Certain workers express their findings as mean cell
percentages, others guote the range of percentage findings

in each cell type.
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Most authors guote a slightly higher Myeoblast count
but the present findings agree closely with those of Custer
and Krumbasr (1935) who gquote a Myeloblast count of O.6%.

Cugter and Krumbaar quote a high pre-myelocyte count

(9%).

Vogel, Erf and Rosenthal (1937) quote & much higher
percentage of Young cells but the term "Young cell" is used

by them to include Metamyelocytes and Band forms.
Plum (1941) gquotes a high Band cell count.

Mallarmé (1939) and Vogel, Erf and Rosenthal (1937)

quote a higher percentage of segmented cells.

The present investigation agrees with the'findings of

Scott (1939) who quotes a Polymorph count of 14.75%.

Holmes end Broun (1932) quote a higher percentage of
Iymphoecytes (24.9%) than most other workers.

Although the limits of normality for each cell type
vary widely, the present findings agree favourgbly with those

of other workers.



\

\

It is the purpose of the present investigation to ‘

study the reletionship of the mean cell percentages to age.

Por this purpose the meen percentages for each age- \

group have‘been plotted on graphs. \
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MEAN CELL PERCENTAGES WITH STANDARD
ERRORS BY AGE.

The following teble shows the average percentages of
certain cell types counted, with their standard errors, in

the nine age-groups.

Standard errors were calculated in those cell types
which appeared to have any significant change with age,
namely:- . Young (Neutrophile), Polymorph (Neutrophile),
Lymphocyte and Erythroblast Type IV.

The standard error provides a measure of the chance
fluctuation that may be expected in the mean. It may be
asserted with a fair degree of confidence (allowing 1 chance
in 20 of being wrong) that the true mean percentage lies in

the range "observed mean plus or minus twice the stendard

error®.

To determine if any importance should be attached to
apparent changes with age, regions of acceptability for the
mean ( * 2.5.D.) have been plotted on the graphs of the

mean percentages for each age-group.

If a horizontael line can be drawn which passes through
all the regions of acceptability, there is no evidence of

any age change.
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VARTATION IN MEAN CELL PERCENTAGES WITH AGE.

ANALYSIS OF GRAPHS.

Myeloblasts.

There is a slight increase in the number of cells
- in the age group 40-49 years, and a similar increase at

70-79 years.

There is, however, no significant change in the
number of Myeloblasts present in normal bone marrow between

the groups from 0-99 years.

This is in agreement with Nordenson (1935) who states
that the highest number of Myeloblasts are present at 74 years,
but that a child of 6 years has no more Myeloblasts than an
adult of 84 years.

Jacobsen (1941) states that the Myeloblast eells

show no variation in number with age.

Osgood end Seaman (1944) find a slightly higher
percentage of Myeloblasts in children than in adults.
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Pre-Myelocyte.

There is a slight increase in the number of Pre-myelocyte

cells present at 40 - 49 years, but no significant change in the
\

mean cell percentages of the age groups ranging from O --99 years.

This is in agreement with Jacobsen (1941) who finds

no change in the mean cell percentages in the different age

groups.

Osgood and Seaman (1944) find a slightly higher percentage
of Pre-myelocyte cells in children than in adults.

Myelocyte (Neutrophile).

The mean cell percentages show great varigbility with
age. The maximum increase is to fe found in the age-group
10 - 19 years and the lowest figure is reached in the age group
40 - 49 years. ‘

Although the number of cells steadily decreases between
the age-groups 50 - 59 years and 70 - 79 years, it is interesting
to note that it rises shamly again between 80 - 992 years.

These findings do not correspond with the findings of
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Jacobsen (1941) who finds 25% ofvéells at 7 years dropping
to 17.5% at 24 years, rising to 20.5% at 45 years and falling
to 20% at 82 years. |

Segerdahl (1935) states that in old people the mean
value of Myelocyte cells is definitely lower than in young

people.

Young (Neutrophile) Cells.

The means show a tendency to decrease with age.

To determine if any importance should be attached
to this apparent change with age, regions of acceptibility
for the mean - plus or minus twice the standard error
(Lyons 1942) - have been plotted on the graph of the mean
dell percentages. A horizontal line may be drawn passing
through all regions except the first, and in this age-group

only three cases were examined.

Owing to the small number of cases examined, it cannot
. therefore be concluded that there is any definite age-change,
although in all probability a higher number of cells is present

in young people than in 0ld people.



4
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This is in agreement with Segerdahl (1935) who states
that the mean value of Metamyelocyte cells is definitely

lower in old people than in young people.

The findings do not correspond with those of Jacobsen
(1941) who states that 25% of Metamyelocyte cells are present
al 7 years, rising to 22% at 8 years, falling to 18% at 13

years and 17% at 24 years, gradually rising to 214 at 81
7 7

years.

Band (Neutrophile).

The means show no significant change with age,
approximatelyrthe same number of cells being present in the

age groups O - 9 years and 80 - 99 years.

The lowest mean-cell percéntage is found in the age-
groups 40 - 49 years, and the highest mean cell percentage

in the age-group 60 -~ 69 years.

These findings do not correspond with those of
Jacobsen (1941) who finds 7% Band cells at 7 years gradually
rising to 16% at 35 years, falling sharply to 129 at 45 years

and gradually falling to 11% at 8l years.
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Segerdahl (1935) states that the mean value of Stab

cells in old people is definitely lower than in young people.

Polymorph (Neutrophile)

The mean percentage of cells shows & marked relation
with age, rising from 7% in the age-group 0 - 9 years, to a
maximum of 24% in the age-group 40 -~ 49 years, thereafter

declining to 11.5% in the age-group 80 - 99 years.
The graph confirms the significance of this change.

These findings correspond with those of Jacobsen (1941)
in that he finds 7% segmented cells at 7 years, with a
maximum rise of 16% at 35 years, thereafter declining to

11% at 81 years.

Osgood and Seaman (1944) state that a slightly lower

Eolymdrph count is present in children than in adultis.

Monoeyte.

Cells are scanty in marrow films and the mean cell
percentages show no significant variation with age. There

is a rise from 0% at 30 - 39 years to 0.16% at 70 - 79 years.



Jacobsen (1941} states that a rise from 1% at 7 years
to 1.5% at 35 years is to be Ffound.

Lymphocyte.

The mean-cell percentage shows little variation between

the ages of 10 and 99 years.

The percentage at 0 - 9 years is considerably higher,

and it is much greater than in any subsequent age-group.

It seems that the percentage dropsto a fairly stable

level by the age of 10 years.

The high lymphocyte count in children is in agreement

with the findings of Kato (1937) and Diwany (1940).

Jacobsen (1941} also finds & high mean cell percentage
of 22% at 7 years, falling steeply to 12% at 13 years, rising
to 15.8% at 18 years and gradually falling to 12% at 81 years.

Segerdahl (1935) reporis an increase of lymphocyte
cells in old people compared with young people.
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Tdreck Cells.

The means show no significant change with age, the

maximum rise being found at 70 - 79 years.

Megakaryocyte.

The means show no significant change with age,

Meyakaryocyte cells.being infrequently found.

-



ERYTHROBLAST SERIES.

Type I.

Beyond a slight increase at 70 - 79 years, the mean

cell percentages show no significant variability with age,

This is in agreement with the findings of Jacobsen (1941)
who states that 1% Proerythroblast cells are present at all

ages.

Type IT.
The mean cell percentages show no variation with age.

Type III,
There is a slight increase in the mean cell percentages

in children, thereafter a steble level is reached at 10 years.

Type IV.
'The mean cell percentage rises from 7% at 0 - 9 years

to 11.5% at 10 - 19 years. There is a steady rise after the
age of 60 years, the highest number of cells being present at

80 - 99 years.
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The graph indicates that this is probably a real effect
as a horizontal line drawn through the first seven age-groups

does not include the last two.

Jecobsen (1941) finds 7.5% eells at 7 years rising to
13% at 18 years and 1l4% at 40 yeers, thereafter falling to
12% at 81 years.

Plum (1941) examined 40 cases from 18-68 years (18 men
and 22 women) and states that he finds a slight depression of

Erythropolesis with the lowest point at 50 years.
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The following Taﬁle-shows- the maturity dispersions
and Leuko - Erythrogenetic ratio by age.
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Leuko-erythrogenetic Ratio.

At all ages 10,485 cells of Group A types were counted.

0f these 1.0% were Myeloblast, 5.6% Pre-myelocyte,
70.0% Myelocyte and 23.4% Young cells.

In the FErythroblast series 4,305 cells were counted.
0f these 2.7% were Type I, 5.0% Type II and 92.3% Type III
and Type IV.

The Leuko-erythrogenetic ratio  eguals 10,485 or 2.44.

v _ZTZEE

From the Table it will be seen that the Leuko-erythro-
genetie ratio shows a tendency toidecline with advencing age.
Under 35 years the ratio is above the average of 2.44 and after

the age of 60 years it is below this average.

Scott (1939) quotes.a normal Leuko-Erythrogenetic
ratio of 1.97.
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MATURITY DISPERSIONS

.Gnanulopoietie Cells.

On examining the maturity dispersions in Group A for
individual age groups, it is seen that there is no evidence
of any importent change with age.

At ages O - 9 years there is an excess of Young cells
relative to the other three types, but in view of the fact
that only three cases were examined in this age group, little

weilght can be attached to this finding.

Erythropoietic Cells.

The maturity dispersions in Group B show no signifieant

change with age.-
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CONCLUSION

The result of the present investigation has been to
show that the majority of cell elements in the normal bone

marrow show no significant quantitative change with age.

The meen cell percentage of Polymorph (Neutrophile)

cells shows a maximum rise at 40-49 years.

That of the Lymphocyte cells shows & rise at 0-9 years

reaching a stable level at 10 years.

The mean cell percentage of Erythroblast type IV cells

shows a steady rise after the age of 60 years.

The latter finding is in contradiction to the findings
of Segerdahl (1935) who states that there is a felling level
of all specific elements in the bone marrow of o0ld people due

to an increase of fat in the marrow.

In the present work the mean percentage rise of
FErythroblast Type IV cells in old people is shown to be
statistically significant. It is also shown that there is
an actual increase in Myeloeyte (Neutrophile) cells between
the age-groups 70-79 years and 80-99 years, but the graph

does not confirm that this rise has any statistical significace.
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It is also shown that the bone marrow of children
contains fewer mature Erythroblast cells and Polymorph cells
then that of adults. This is in agreement with Jacobsen (1941)
who states that the bone marrow in children is immature and

contains fewer Erythropoietic and mature Neutrophile cells.

C.M. Plum (1941) states that there is no relation
between age and percentage distribution of bone marrow cells

in individuals from 18-68 years.

The present investigation, however, shows a definite
age-change in Polymorph (Neutrophile), Lymphocyte and Erythro-
blast Type IV cells and the Leuko-Erythrogenetic ratio shows

a tendency to decline with advancing years.
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