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In a previous communication (1) the physical
and chemical properties of normal bovine synovial
fluid were described and their significance dis-
cussed. From these data it was concluded that
normal bovine synovial fluid is a dialysate of
plasma containing albumin, globulin and mucin.
A similar characterization of normal human syno-
vial fluid has been made in order to determine
whether its origin and nature are the same. The
information obtained from normal human fluid
will afford a basis for a comprehensive evaluation
of pathological synovial fluids.

METHODS

The synovial fluids were obtained immediately
after death from the knees of patients who had
had no signs or symptoms of joint disease. The
fluid was withdrawn through an eighteen-gauge
lumbar puncture needle inserted distal to the
patella. Blood was withdrawn from the heart at
the same time. The analytical methods were those
used in the study of normal cattle fluid (1) .
Albumin and globulin contents were determined
by the method of Butler and Montgomery (2).
The cytological studies on some of these fluids
have already been reported (3).

RESULTS

In the present ipvestigation 124 normal human
synovial fluids were studied. The number of
analyses made on any one fluid was of necessity
limited because of the small amount of fluid avail-
able. By examining a large number of fluids we
were able to make a sufficiently detailed charac-
terization of normal human synovial fluid to de-
termine that human and bovine synovial fluids
are essentially alike.

'This is publication Number 50 of the Robert W.
Lovett Memorial for the study of crippling disease,
Harvard Medical School.

2The expenses of this investigation have been de-
frayed by a grant from the Commonwealth Fund.

In the previous series (3), amounts of fluid
varying from 0.13 to 2.0 cc. were aspirated from
normal human knee joints, the average amount
being 0.45 cc., whereas in this series the range is
from 0.13 to 3.5 cc., with an average of 1.1. If
edema is present, the quantity of synovial fluid is
usually increased. The fluid is a clear, pale yel-
low, viscous liquid, the relative viscosity of which
is higher than that of normal cattle fluid. The
range is from 51 to 403 with an average of 150 at
250 C. In edematous patients the synovial fluid
viscosity is markedly reduced, with an average of
53 and variations from 6 to 174.

The average content of total solids is 3.41
grams per 100 grams, with variations from 2.40
to 4.83. The figures correspond with those found
by Horiye (4) for postmortem fluids (1.20 to
3.93 per cent), but average slightly lower than
the value given by Fisher (5) (4.4 per cent).
The specific gravity was determined only in cases
in which the volume of fluid was increased, with
the result that the values represent those for
edematous patients. The average specific gravity,
1.010, is identical with that of normal bovine
fluid, and the average content of total solids of
these fluids, 2.23 grams per 100 grams, is only
slightly higher than that of cattle fluid (2.08 grams
per 100 grams). This similarity would be ex-
pected from the fact that the protein content of
human fluid from edematous patients (with over
2 cc. of fluid obtained from the knee joint) is
essentially the same as that of cattle fluid. Horiye
(4) reported specific gravities ranging from 1.008
to 1.015 for normal human fluids obtained post-
mortem.

The average pH of 6 fluids was 7.39 with a
minimum of 7.29 and a maximum of 7.45.
Horiye (4) found postmortem fluid to be weakly
alkaline to litmus. Seeliger (6) reported its pH
as 8.2 to 8.4. Boots and Cullen (7) found a pH
of 7.34 in fluid from a patient with generalized'
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edema. Pescatori (8) studied 40 postmortem
fluids and found an average pH of 7.95 with
variations from 7.53 to 8.02.

Normal human synovial fluid contains fewer
cells than normal bovine fluid, the average nu-
cleated cell count being 63 per cu.mm. (3) as com-
pared to 112 to 182 (1, 9, 10). Erythrocytes are
absent. The average differential nucleated cell
counts for normal human and bovine synovial
fluid are as follows:

Humanfluid Bovine fluid
per cext

Polymorphonuclears ......... 6.5

Monocytes ................ 47.9

Clasmatocytes .............. 10.1

Unclassified phagocytes ...... 4.9
Lymphocytes ............... 24.6

Synovial cells ............... 4.3
Unidentified cells ............ 2.2

2.2
36.4
15.0

3.9
40.1

1.2
1.2

The total nucleated cell counts of this series
can be compared with those reported for normal
human fluids by Labor and von Balogh (11) (10
to 20 cells per cu.mm.), McEwen (12) (125 to
200 cells), and Kling (13) (10 to 50 cells).

The total protein content of normal human fluid
(2.57 grams per 100 cc.) is approximately three
times as high as that of normal cattle fluid. Since
most of the increase is in the mucin fraction, the
content of albumin and globulin is only twice as

high in human fluid, being 1.72 grams as com-

pared to 0.89 gram per 100 cc. This value is in
the same range as those reported by Fisher (5)
(1.6 per cent) and Horiye (4) (0.45 to 3.15 per

cent) for normal human fluid. On the basis of
the findings in many normal and abnormal human
fluids, we would conclude that a value of 3.15
would be found only in an abnormal fluid. Cajori
and Pemberton (14) reported 1.39 per cent pro-

tein in synovial fluid from a patient with gener-
alized edema. Determination of the albumin and
globulin fractions of human fluid was possible
only when 2 cc. of fluid was obtained, with the
result that the majority of determinations were

made on fluids aspirated from edematous patients.
Furthermore, the uncertainty of the absolute
globulin concentration by any of the methods for
fractionating the serum proteins, and the de-
creased accuracy of the methods in fluids of low
protein content, make it difficult to establish ac-

curate normal values for the protein fractions.
The marked individual variations that were found

may be due in part to analytical difficulties and
in part to variation in capillary permeability.
Similar variations have been found in normal cat-
tle fluid (1) and in pathological fluids (14). In
all cases, however, the globulin content was low
and in one edema fluid no globulin was demon-
strable. The albumin-globulin ratios tended to
be high. In the one case in which on.ly 2 cc. of
fluid was obtained the ratio was 19.3, with a
globulin concentration of 0.05 gram per 100 cc.

The presence of albumin and globulin in normal
human fluid can be explained presumably on the
basis of slight capillary permeability to proteins,
as was assumed in the case of normal cattle fluid.
The marked difference in albumin and globulin
concentration indicates a much greater capillary
permeability to albumin than to globulin. This is
in accord with the findings in cattle fluid (1),
with the results of the studies on the entrance of
proteins into joints of rabbits (15), and with the
conclusions of other workers (16, 17, 18, 19).

The mucin content of normal human fluid (0.85
gram per 100 cc.) is much higher than that of
fluid from the astragalotibial joints of cattle, as
would be expected from the marked differences
in viscosity. Fisher (5) found 1.95 per cent
mucin in normal human fluid, while Cajori and
Pemberton (14) report a mucin content of 0.42
per cent in fluid from a patient with generalized
edema. That the viscosity of synovial fluid is
due to the presence of mucin is shown by the
fact that the viscosity approaches that of water
after removal of the mucin. Comparison of the
differences in viscosity and mucin in normal syno-
vial fluids from various animals suggests that the
viscosity is related to the degree of polymeriza-
tion of mucin as well as to the concentration.

Normal human synovial fluid does not clot.
This is due presumably to the absence of fibrino-
gen. No fibrinogen was found by precipitation
experiments with 1.1 M phosphate solution at
pH 6.5.

The distribution of nonprotein nitrogen be-
tween fluid and plasma is approximately the same
as that found in cattle fluid (1), in horse fluid
(20), and in other fluids shown to have the com-
position of dialysates of blood plasma (21, 22,
23). The average distribution ratio is 0.91, and
many individual cases show an equal concen-
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TABLE I

Chemical composition of normal human synovil fluid

Total protein
Amount Relative Total Specfic pH (exdusive of mudn) Albumin Globulin Mucin

Fluid Serum

cc. grams per grams per grams per grams pcr100) grams gaser10c. 100 cc. 100 . 100 cc.
Average * 1.1 150 3.41 7.38 1.72 6.79 1.02 0.05 0.85
Maximum 3.5 403 4.83 7.39 2.13 7.26 1.10
Minimum 0.13 51 2.40 7.36 1.31 6.31 0.55
Number of fluids 46 20 8 2 10 2 1 1 5

...i '-t4- b ... ...

Average t 8.0 53 2.23 1.010 7.40 0.63 5.77 0.67 0.17 0.50
Maximum 40.0 174 3.43 1.012 7.45 1.78 7.08 1.45 0.33 1.18
Minimum 0.25 6 1.45 1.008 7.29 0.12 4.44 0.12 0 0.06
Number of fluids 78 7 19 7 4 60 24 6 6 48

* Fluids obtained postmortem from patients without edema.
t Fluids obtained postmortem from patients with varying degrees of edema.
t Represents the number of fluids from which the averages were obtained.

tration in plasma and fluid, indicating that the
tissue between fluid and plasma in humans is
readily permeable to nonprotein nitrogen.

The distribution ratios for sugar show more
variation, but the average is 1.12, and many cases
show a ratio of 1.00. The variations and the
high average ratio are explicable by the fact that
the blood sugar was changing rapidly before death
and the fluid was not in equilibrium.

Study of the distribution of electrolytes be-
tween fluid and plasma in humans has been limited
because of the small amount of fluid available.
Such determinations as we have made represent
fluid from patients with edema (see Table II).

TABLE II

Distribution ratios between serum and synovial fluid

NPNi Sugary CL. V/&W
NPN, Sugar. Ci, ,/a

Average ............ 0.91 1.12 0.98 0.87
Maximum.......... 1.11 2.06 1.00 0.90
Minimum .......... 0.66 0.65 0.91 0.84
Number of fluids* .. 25 22 15 4

* Represents the number of fluids from which the
averages were obtained.

The results, however, are applicable to normal
human synovial fluid in general, since membrane
equilibrium, if present, would be maintained de-
spite the increased volume of fluid. The two
substances (Cl and Ca) which have been studied
show distributions similar to those found in cattle
fluid and other body fluids having the composition

of plasma dialysates. The average distribution
ratio of chloride between plasma and human fluid
is identical with that for cattle fluid (1). The
theoretical Donnan ratio for the two systems is

the same. The average ratio 4 also is essen-

tially the same as that for cattle fluid and indicates
that part of the calcium is held in the serum pre-
sumably bound to protein.

DISCUSSION

Thus, the distribution of non-electrolytes and
electrolytes between plasma and normal human
synovial fluid is in accord with the findings in
normal bovine synovial fluid and indicates that
normal human synovial fluid is a dialysate of
blood plasma, containing albumin, globulin and
mucin.

The presence of serum proteins in synovial fluid
can be explained presumably on the basis of slight
capillary permeability. Albumin and globulin are
found in varying amounts in other body fluids
which have been shown to have the composition
of simple dialysates of blood plasma (lymph,
edema, pleural and ascitic fluids) (21, 22, 23).
The high albumin-globulin ratio in normal human
fluid indicates a greater permeability to albumin
than to globulin.

The presence of mucin in no way invalidates
the above theory. The nature of the synovial
membrane and the mechanism of formation of
mucin have long been discussed. The consensus
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of opinion at present is that the joint cavity is a
large tissue space lined by somewhat modified
connective tissue and not by a true membrane (see
review of subject, reference number 24). Ac-
cording to this theory, synovial fluid is the matrix
of the connective tissue and the mucin corre-
sponds to the mucoid constituent of other con-
nective tissues. Thus it is generally accepted that
mucin is formed by the cells of the synovial tis-
sues, but this process is not secretion as usually
defined. Extraction from the subcutaneous tis-
sue of rabbits and the tissue lining the astragalo-
tibial joints of cattle of a substance similar to
synovial fluid mucin, as shown by its physical
properties and by enzymatic studies (25), con-
firms the suggestion that mucin is formed by the
connective tissue cells surrounding the joint. Its
entrance into the joint is made possible by dif-
fusion of plasma water from the underlying blood
vessels through the synovial tissues.

The results of the present investigation confirm
those of normal cattle fluid studies and give ex-
perimental evidence for the theory that normal
human synovial fluid is a dialysate of plasma con-
taining albumin, globulin and mucin.

The above characterization of normal human
synovial fluid affords a basis of comparison for
the findings in pathological synovial fluids and
thereby increases the value of joint aspirations.
Analysis of pathological fluids from various joint
diseases will be presented in a later publication.

SUMMARY

Normal human synovial fluid is a relatively
cell-poor, clear, pale yellow, viscous liquid. It has
an average nucleated cell count of 63 per cu.mm.
The average differential cell count is: 63 per cent
mononuclear phagocytes, 24.6 per cent lympho-
cytes, 6.5 per cent polymorphonuclear leukocytes,
4.3 per cent synovial cells and 2.2 per cent uniden-
tified cells. The relative viscosity is 150 at 250 C.
The pH is 7.39.

The average total albumin and globulin content
is 1.72 grams per 100 cc.; in one normal fluid the
albumin and globulin fractions were 1.02 grams
and 0.05 gram, respectively. The average con-
tent of mucin is 0.85 gram per 100 cc. Fibrinogen
is absent.

The distribution of non-electrolytes and elec-

trolytes between serum and fluid is in accord with
the concept that synovial fluid is a dialysate of
blood plasma containing albumin, globulin and
mucin.

The presence of mucin distinguishes synovial
fluid and similar connective tissue fluids from
other body fluids that are dialysates of plasma.
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