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The relative viscosity of normal and pathologi-
cal synovial fluids fluctuates over a wide range,
and has been studied for a considerable period.
The older literature is covered by Kling (1), and
the more recent by Ropes and Bauer (2) and by
Sundblad (3). Early investigators established,
by precipitation reactions with acetic acid, that
the high viscosity was due to a “mucin,” assumed
to be a combination of protein and carbohydrate.
In 1939, Meyer, Smyth, and Dawson (4) identi-
fied the polysaccharide as hyaluronic acid, and
found it to be responsible for the high viscosity.

Further studies revealed that solutions of hya-
luronic acid in common with other macromolecu-
lar substances exhibited non-Newtonian viscosity.
Therefore, relative viscosity, heretofore the only
viscosity factor determined, was no longer suffi-
cient to characterize the rheological behavior of
synovial fluid. Other types were investigated, in-
cluding intrinsic and anomalous viscosity.

In the following studies we describe a simple
capillary viscometer which can be used to measure
relative, intrinsic and anomalous viscosity.

Results are presented of viscosity determina-
tions in synovial fluids from normal joints of ani-
mals and pathological effusions from various types
of human arthritis.

DESCRIPTION OF VISCOMETER

Our instrument (Figure 1) is a modification of the
capillary viscometer described by Mann (5) for meas-
uring plasma fluidity. The Mann, like the standard
Ostwald viscometer, cannot be used conveniently to
measure anomalous viscosity because it is constructed to
operate at a fixed stress. By substituting a graduated
pipette for the volumetric pipette suggested by Mann we
have been able to measure the anomalous viscosity un-
der variable stress.

In most instances we used a one-ml. pipette, graduated
in 0.1 ml. The length of the pipette from zero point
to tip was about 23 cm. Other calibers and lengths of
the pipette may be selected. The capillary consisted of a
spinal or hypodermic needle about 10 cm. in length at-
tached to the delivery end of the pipette. The length and
gauge of the needle may be varied. A 20 gauge is suitable

for most joint fluids; a 22 gauge is preferable for fluids
of low viscosity, and an 18 gauge for highly viscid fluids.

The attachment of the needle to the pipette is made
water-tight by a rubber sleeve, or by a cement seal, or
the delivery end of the pipette may be ground so that it
fits snugly into the hilt of the needle.

The viscometer is filled by suction above the zero
mark, and the upper opening of the pipette is kept closed
with a finger. The pipette is placed in a clamp holder
and immersed in a constant temperature bath until the
hilt of the hypodermic needle meets the water level. The
measurement is started by releasing the finger, and the
rate of flow is timed between two selected points on the
pipette, either by means of two stop watches or an elec-
tronic recorder. Readings are made at close to room
temperature. The water level is not appreciably altered
by the small amount of synovial fluid which flows into the
bath. The metal capillary adjusts almost instantaneously
to the temperature of the water bath. Differences be-
tween the temperature of the synovial fluid in the pipette
and the temperature of the water bath have only a
slight effect on the efflux time as shown in the following
experiment :

With the water bath temperature kept constant at 21.5°
C the temperature of the fluid in the pipette was varied
between 17° C and 37° C. At 17° C the average efflux
time for 10 determinations was 15.4 seconds; at 27° C
the average time was 15.2 seconds; at 37° C the average
time was 14.9 seconds. In this severe test of the effect
of the temperature of the fluid in the pipette on the
efflux time the variations were minor over a tempera-
ture range of 20° C. In actual practice the temperature
of the fluid and the temperature of the water bath are
kept close together, so that the temperature error is
negligible. The experiment quoted was representative
of three which gave similar results.

If the rate of shear is measured for every 0.1 ml. of
fluid volume, from zero to 0.9 ml., the first pressure will be
an average of : h—the distance from the exit point of the
capillary to the zero point on the pipette, and h,—the
distance from the exit point of the capillary to 0.1-ml.
mark on the pipette.

With every drop of 0.1 ml, which corresponds to
about 2 cm. in length on the pipette, there is a correspond-
ing decrease in the average pressure head. The unit
volume may be varied as well as the pressure head. This
may be done by changing the distance between h, and h,.

A constant temperature is maintained in the bath with
a thermostatically controlled heating unit. It is best not to
use a mechanical stirrer, which may disturb the water
level and increase turbulence at the end of the capillary.
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F1G. 1. SIMPLE CAPILLARY VISCOMETER

F If the efflux time is determined between the zero point
and the 0.1-ml. mark on the graduated pipette, the average
pressure head (p) for a fluid of density (d) will be:

p=d[(h1-2l-hs)] — hs.

A gallon jar filled with water of the desired temperature
will keep a constant temperature for several hours.

Repeated determinations of the efflux time vary only
within 0.3 of a second. Proper cleaning is of great impor-
tance because dust or other particles may partially ob-
struct the pipette and needle and change the efflux time.
In contrast to most capillary viscometers, cleaning is very
" easily done by attaching the pipette to a suction pump and
rinsing with distilled water and alcohol, and drying with
ether. The metal capillary is unbreakable. The kinetic
energy correction is small in this viscometer, less than
1 per cent, and has been neglected in the calculations.

In the determination of relative viscosity in any single
viscometer, all factors are constant except the efflux time
and density. To obtain the relative viscosity it is neces-
sary to compare the flow time of the solution with the flow
time of the solvent, which in the case of synovial fluid
is water. In our material the density of the synovial
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fluids varied from 1.012 to 1.025, with an average of
1.019, and could be neglected.

Based on Poiseuille’s formula, the relative viscosity of
synovial fluids measured by our viscometer is expressed

dts Where ¢ s is the time of efflux of the

as: nrel = T
synovial fluid, # w the flow time for water, and d is the
density of synovial fluid.

Any of a number of pressure heads may be selected to
determine relative viscosity. We used an average hydro-
static pressure of approximately 12.8 cm. of water, which
corresponded to the 0.5-ml. and 0.6-ml. gradation on the
pipette used in these studies. The efflux time of 0.1-ml.
water was 2.8 seconds. The length of the capillary was
9.9 cm., the diameter 0.29 mm. The length of the pipette
from tip to zero point was 23.2 cm., the bore was 3 mm.,,
and the temperature of the water bath was 29° C.

MATERIAL AND METHODS

Synovial fluid from normal human joints was not
available to us. Therefore, synovial fluid was aspirated
from the carpal joints of horses and cattle obtained from
the packing house immediately after slaughter. After
aspiration, the joints were opened. Fluid was used only
from joints with grossly normal articular cartilage and
synovial membrane. Roentgenograms showed the ar-
ticular surfaces to be intact. Microscopic sections of the
synovial membrane of these horses and cattle were normal,
except that in the former, slight edema and hyperemia
were frequently present. Pathological effusions were as-
pirated from the knee joints of patients with rheumatoid
arthritis, osteoarthritis (degenerative) and chronic trau-
matic synovitis.

Viscosity determinations were done after the fluid was
freed from suspended cells and other particles by pro-
longed centrifugation. If the viscosity tests could not be
run immediately, the fluid was kept in the refrigerator at
4° C. No changes of viscosity occurred even after pro-
longed storage.

The hyaluronic acid concentration was determined by
a combination of the turbidimetric methods described by
Meyer (6) and by Schmith and Faber (7). Ragan and
Meyer (8) found that the turbidimetric method is satis-
factory for the determination of hyaluronic acid in syn-
ovial fluid. The method is based on the fact that par-
tially depolymerized hyaluronic acid at a pH of about 4.2
produces a colloidal suspension in the presence of serum
protein (9). Synovial fluid was treated with a minimal
amount of hyaluronidase to assure uniform turbidity.
The amount used was determined by titration. Serum
reagent was prepared by the method of Schmith and Faber
(7), frozen, thawed out before use, and heated at 99° C
for ten minutes as recommended by Tolksdorf, McCready,
McCullagh, and Schwenk (10).

The steps of the determination were as follows:

In a test tube
Add 0.1 ml. of synovial fluid to 0.8 ml. of 0.85 per cent
sodium chloride
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TABLE I
Relative viscosity of synovial fluid *

Volume, ml. Viscosity
Species Joint Diagnosis No. Range  Average Range Average
Cattle Carpalf Normal 40 2-10 5. 9-10,300 929
Horse Carpal Normal 25 2-12 6. 4.5-119 16
Human Knee Osteo- 87 1-120 32. 10-2,830 106
arthritis
Human Knee Rheumatoid 168 2-200 29. 2-83 18
arthritis
Human Knee Chronic | 32 4-90 32. 2-68 20
traumatic
synovitis

* The relative viscosity of some pathological effusions was determined by Mann and other capillary viscometers

which gave values in the range of our instrument.

t This is a composite articulation of three joints in the foreleg: 1) the radio-carpal joint; 2) the intercarpal joint;
3) the carpo-metacarpal joint. These joints are equivalent to the wrist joint of humans, but are usually referred to as

knee joints of animals.

Add 0.1 ml of hyaluronidase solution previously titrated

Incubate at 37° C for thirty minutes

Add 1 ml. of buffer solution pH 6 (0.1 M sodium acetate
and 0.15 M sodium chloride)

Add 8 ml. of diluted serum reagent made by diluting se-
rum reagent with 0.5 M sodium acetate buffer pH 4.2
dilution of 1:4

Incubate at 30° C for thirty minutes and read the tur-
bidity in a Coleman spectrophotometer at 580 mpu

Serum reagent is prepared as follows:

Horse serum is diluted 1:10 with 0.5 M sodium acetate
buffer pH 4.2. The pH is adjusted to 3.1 by the ad-
dition of 4 N HCL

The mixture is frozen. Before use it is thawed out and
heated at 99° C for ten minutes and then diluted 1:4
with 0.5 M sodium acetate buffer.

The turbidimetric method gave reproducible curves
within 5 per cent. The turbidities disappeared after ex-
posure to an excess of testicular and streptococcal hya-
luronidase. The latter attacks only hyaluronic acid;
therefore, this is evidence that hyaluronic acid and
no other mucopolysaccharide was determined by the
turbidimetric method. Furthermore, electrophoretic pat-
terns of normal and pathological synovial fluids have
shown boundaries characteristic only for mucopoly-
saccharides of a mobility in the range of hyaluronic acid
(11).

Total and differential cell counts, icterus index, pH,
total protein, albumin and globulin, uric acid, bacterial
cultures, guinea pig inoculations, serological and other
tests were performed on part of the material.

RESULTS

Relative viscosity was determined in 65 normal
fluids from animals and 287 pathological effusions
(Table I). The highest values, and also the
widest range of viscosity, were obtained from the
normal fluids of the carpal joints of cattle. Fluid
from the carpal joints of horses showed a markedly

The fluids were obtained from the two proximal joints.

narrower range and a much lower average rela-
tive viscosity. Sundblad (3) found very low rela-
tive viscosities from 3 to 29 in 10 fluids from nor-
mal astragalotibial joints of horses. He ascribed
the low values to dilution with plasma as evidenced
by large volumes ranging from 5 to 40 ml. How-
ever, in our material the volume in both cattle
and horse joints was fairly small and the range
was almost identical (2 to 10 and 2 to 12 ml.).

Several factors must be considered to explain
the discrepancy between the relative viscosity of
the fluids from normal carpal joints of cattle and
horses. First, there is an age difference. The age
of cattle ranged from 10 months to 3 years,
whereas the horses averaged 8 years. Second,
edema and hyperemia in some of the synovial
membranes of the horses have led to exudation.
Even small dilutions of 5 per cent to 10 per cent
can cause an enormous fall in relative viscosity,
as first pointed out by Schneider (12). This is
especially true of normal fluids with highly poly-
merized hyaluronic acid. Other contributing fac-
tors will be taken up later in the discussion.

The relative viscosity of the pathological effu-
sions from osteoarthritis had the widest range and
the highest average values. On the other hand,
the effusions in rheumatoid arthritis and chronic
traumatic synovitis had significantly small ranges
and lower average values.

Intrinsic viscosity

Intrinsic viscosity [4] is the limiting value of

the ratio (’7—‘:—[2 at zero concentration. For the
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calculation of the intrinsic viscosity, we used the
derivation of Huggin’s formula originally sug-
gested by Schulz and Blaschke (13) and employed
by Sundblad (3) for determining the viscosity of
synovial fluid:

(nsp)
c
=157 asp-

The specific viscosity (y s p) is equal to the
relative viscosity minus one. In this formula &' is
approximately constant for members of a homolo-
gous series of polymers in a given solvent. It
can be found experimentally by first determining
intrinsic viscosity by extrapolation. Sundblad
(3) reported the average value for £’ to be about
0.16 for hyaluronic acid from normal and patho-
logical fluid. Substituting 0.16 for &’ and knowing
the concentration, the intrinsic viscosity may be
determined merely by obtaining the specific vis-
cosity. Sundblad found this to be true for specific
viscosities of from 0.3 to 15.0.

Thus it is possible to dilute fluids to an arbitrary
specific viscosity below 15, and by determining
the concentration of hyaluronic acid at that dilu-
tion, the intrinsic viscosity may be derived from
Sundblad’s formula.

The results of hyaluronic acid determinations
and the intrinsic viscosity on 54 animal and 56
pathological effusions are given in Table II. The
values for both intrinsic viscosity and hyaluronic
acid concentration fluctuate in a considerable range.
The highest average intrinsic viscosity (43.8) oc-
curred in synovial fluid from normal carpal joints
of cattle. The average values from the same joint
of the horses were lower (36.1). For the patho-
logical effusions, the average intrinsic viscosities
in osteoarthritis (35.9) and in traumatic synovitis
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(33.3) were higher than in rheumatoid arthritis
(29.1). Since the intrinsic viscosity reflects the
mean polymerization, it is observed that the most
highly polymerized hyaluronic acid was found in
the normal synovial fluid from cattle, and the
lowest in effusions from rheumatoid arthritis.

The fluids of the normal carpal joints of the
cattle show a high average hyaluronic acid con-
centration (200 mg. per cent), while in the same
joint of the horses the values were lower (136 mg.
per cent). Sundblad (3) gives the following val-
ues for 11 normal calves: volume one to three ml.,
hyaluronic acid concentration 193 mg. per cent.
This is in the range of our own values of the joints
in young cattle. Only in one ox did Sundblad find
a low value of 45 mg. per cent. The volume of the
fluid here was high, namely, 30 ml.

In osteoarthritis the average concentration of
hyaluronic acid (214 mg. per cent) is greater than
in rheumatoid arthritis and chronic traumatic
synovitis (158 mg. per cent and 148 mg. per cent,
respectively). Higher concentrations of hyalu-
ronic acid in osteoarthritis than in rheumatoid
arthritis were also found by Fletcher, Jacobs, and
Markham (14). Sundblad (3), on the other
hand, reported the concentration of hyaluronic acid
in osteoarthritis to be similar to that in rheuma-
toid arthritis.

Anomalous viscosity

Anomalous viscosity of synovial fluid has been
investigated with the Couette viscometer by
Fessler, Ogston, and Stanier (15), or with the
horizontal capillary viscometer with or without
manostat controlled pressure by Johnston (16),
Scott Blair, Williams, Fletcher, and Markham
(17), and Sundblad (3). Ostwald and Auer-
bach (18) have shown that anomaly can be meas-

TABLE II
Intrinsic viscosity and hyaluronic acid conceniration of synovial fluid
Concentration
Intrinsic hyaluronic acid
Species Joint Diagnosis No. viscosity mg. %
Cattle Carpal Normal 30 43.8 = 3.9* 200 = 57
Horse Carpal Normal 24 36.1 £ 7.8 136 £ 77
Human Knee Osteoarthritis 16 35.9 + 8.7 214 + 91
Human Knee Rheumatoid 32 29.1 + 5.4 158 &+ 60
Human Knee Chronic 8 33.3 84 148 + 86
traumatic
synovitis

* Standard deviation.
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F16. 2. ANoMALoUS VISCOSITY

The relative viscosity varies with the hydrostatic pressure forcing the
liquid through the capillary. The lower three curves are of synovial fluid
from patients with rheumatoid arthritis. The upper five curves are of syn-

ovial fluid from patients with osteoarthritis.

The curves demonstrate the

increase in anomalous viscosity with increasing relative viscosity.

ured accurately in a vertical capillary viscometer,
using gravity alone or with added pressure to
vary the stress. Zamboni (19) has demonstrated
that the peak of anomaly for extracts of “mucin”
from synovial fluid and umbilical cord occurs at
hydrostatic pressures below 10 cm. of water. The
dimensions of both the capillary and the pipette
employed in our instrument fall within the range
generally regarded as satisfactory for viscosity
measurements of hyaluronic acid.

In our viscometer, anomaly is measured by vary-
ing the hydrostatic pressure. As the height of the
column of fluid falls, the hydrostatic pressure de-
creases and the relative viscosity increases. The
gradations on the pipette of our viscometer cor-
respond to 0.1 ml. in volume. For the whole
pipette, which holds one ml,, there are ten possible
points at which the efflux time can be measured.
We have read the points corresponding to 0.1 ml.,
0.2 ml, efc., down to 0.9 ml. The greatest ac-
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curacy lies in the efflux time readings between the ter pressure by measuring the height of the column,
points on the pipette corresponding to 0.3 ml. and the resulting curve is indicative of the rate of in-
0.8 ml. If we plot flow time for this series of con- crease of the anomalous viscosity (Figure 2).
secutive points converted into centimeters of wa- This curve is dependent upon two variables, the
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LOG OF THE RELATIVE VISCOSITY
Fic. 3. Curves ForR DETERMINING THE ANOMALY FAcCTOR

The reference point is the log 1.2 for the relative viscosity at the 4th point of stress
(corresponding to a pressure of 170 mm. of water). The dilution which gives this
relative viscosity is then found on the curve for the 8th point of stress (corresponding
to a pressure of 85 mm. of water). The difference between the logs of the relative
viscosities at the two points of stress is the anomaly factor. In the figure the dotted
line indicates this difference. Samples “A” and “B” are identical in polymerization,
but “B” contains half the concentration of hyaluronic acid of sample “A.” Both sam-
ples give the same anomaly factor (0.15).
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concentration and polymerization of hyaluronic
acid in the synovial fluid. For the anomaly to re-
flect the degree of polymerization alone, the effect
of concentration of hyaluronic acid must be
eliminated.

Our method for doing this is based on the fact
that the logarithms of the relative viscosities of a
series of dilutions of synovial fluid give nearly a
straight line when plotted against per cent dilu-
tion. If this is done for two different points of
stress on our viscometer, two straight lines result
which converge near the point of infinite dilution.
We have arbitrarily chosen the logarithm of one
particular relative viscosity at one point of stress
as a reference point. The increase in the viscosity
which occurs at a second point of stress for the
same dilution is indicative of the increase in the
degree of anomaly. To illustrate that this occurs
independent of the concentration, we have tested
two samples of fluid (Figure 3). One fluid has
been diluted to 50 per cent of the concentration
of hyaluronic acid of the first. The degree of
polymerization is the same. The reference point
is the log 1.2 for the relative viscosity at the fourth
point of stress which corresponds to an average
hydrostatic pressure of approximately 170 mm. of
water. In sample “A” this corresponds to a dilu-
tion of 97 per cent. For the same dilution at the
eighth point of stress with average hydrostatic
pressure, corresponding to 85 mm. of water, the
logarithm is found to be 1.35. The difference
between the logarithms at the eighth and the fourth
points of stress is equal to 0.15. This we have la-
belled the anomaly factor.

In sample “B” which has half the concentration
of hyaluronic acid of “A,” the reference point must
be the same as for sample “A.” In order to obtain
this value the curve for the fourth point of stress
is extrapolated to cross the reference point 5 rel
logarithm 1.2. In like manner, the curve for the
eighth point of stress is also extrapolated. At the
dilution where the fourth point of stress crosses
the line for log 1.2 the corresponding point for
the eighth point of stress is log 1.35. The dif-
ference, or anomaly factor, again is 0.15. In
other words, regardless of the initial concentra-
tion, this method for determining anomalous vis-
cosity gives the same anomaly factor, which then
may be considered directly proportional to the de-
gree of polymerization.
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It must be stressed that we have arbitrarily
chosen the reference point as 5 rel log 1.2. Any
other point is just as good, providing it is used
consistently. Fluids diluted to a relative viscosity
below 20 are preferable for this type of determina-
tion because in highly viscid fluids the straight line
tends to curve.

The intrinsic viscosity is chiefly an index of
mean polymerization of hyaluronic acid. Accord-
ing to Sundblad (3), the degree of anomalous vis-
cosity is more sensitive to the presence of small
amounts of high polymer fractions in pathological
fluids, whereas in highly degraded fluids the in-
trinsic viscosity is more reliable.

Table III lists the average anomaly factors for
33 normal fluids from the carpo-metacarpal joints
of cattle and horses and 39 effusions from three
types of arthritis. The highest values were found
in the fluids from the cattle, The fluid from the
horses had lower values, although there is an
overlap between these two groups.

Of the pathological fluids, osteoarthritis (degen-
erative) has higher values than rheumatoid arth-
ritis and chronic traumatic synovitis. Here again
there is an overlap. The analysis of results indi-
cates higher polymerization of hyaluronic acid in
normal synovial fluid from cattle and horses than
from pathological human effusions. In osteo-
arthritis (degenerative) the average degree of
polymerization is higher than in rheumatoid arth-
ritis and traumatic synovitis.

DISCUSSION

With the simple capillary viscometer described,
we have determined relative, intrinsic and ano-
malous viscosity.

Relative viscosity, the simplest and most fre-
quently used parameter, is not only important in

TABLE III
Anomalous viscosity of synovial fluid
Average
anomaly
Species Joint Diagnosis No. factor
Cattle Carpal Normal 20  .281 4 .068*
Horse Carpal Normal 13 227 .04
Human  Knee Osteoarthritis 10  .177 4 .034
Human  Knee Rheumatoid 20 .122 +.034
Human  Knee Chronic 9 137 +.035
traumatic
synovitis

* Standard deviation.
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itself, but is also necessary for the determination of
intrinsic and anomalous viscosity. The latter two
are primarily used to find the degree of polymeri-
zation, the molecular configuration and molecular
weight of hyaluronic acid.

The normal synovial fluids from the carpal
joints of cattle show high hyaluronic acid concen-
trations, the highest intrinsic and anomalous vis-
cosity, as well as the highest average relative vis-
cosity with the greatest range. The volumes fluc-
tuated from 2 to 10 ml. with an average of 5 ml
Offhand, it seems strange that the range of rela-
tive viscosities was so great, from 9 to 10,300, in
the fluids from normal cattle joints. However,
it is characteristic of highly polymerized hyalu-
ronic acid in synovial fluid that minimal dilution
is followed by great decreases in relative viscosity.
Similar wide variations in the range of relative
viscosity have been reported for normal human
synovial fluid.

The synovial fluid from the carpal joints of the
horses had a lower degree of polymerization, as
evidenced by the lower intrinsic and anomalous
viscosity, and a lower range and average relative
viscosity, although the volumes of fluid in both
species were similar.

The lower relative viscosity of the horse synovial
fluid as compared to the cattle fluid is assumed to
be due partly to a lower concentration of hyalu-
ronic acid and partly to a lesser degree of poly-
merization. While both the cattle and horse joints
appeared to be grossly normal, the synovial mem-
brane of the horses showed hyperemia and edema
on microscopic examination. Age and species dif-
ferences may also account for the differences in
concentration and polymerization of the hyaluronic
acid.

Pathological effusions from human knee joints
showed larger volumes than did the normal joints.
The decrease in relative viscosity can, therefore,
be considered as due in part to dilution. Effusions
from osteoarthritis (degenerative) had the largest
range and the highest average relative viscosity
due both to the greater concentration of hyalu-
ronic acid and the slightly higher mean polymeriza-
tion.

The rheological findings in osteoarthritis reflect
the pathological findings. In this disease destruc-
tion of synovial membrane is minimal or absent,
inflammatory changes are secondary, and fre-
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quently there is villous hypertrophy. This hyper-
trophy makes possible increased production of
hyaluronic acid even though the degree of poly-
merization is less than normal.

In rheumatoid arthritis the hyaluronic acid con-
centration, relative viscosity, intrinsic viscosity,
and anomaly factor are the lowest for all types
studied. No evidence of enzymatic degradation
has been found to account for the low polymeriza-
tion. Therefore, defective synthesis of the hya-
luronic acid by the markedly inflamed, infiltrated,
and partly eroded synovial membrane is a more
likely explanation.

In chronic traumatic synovitis the relative vis-
cosity and the hyaluronic acid concentrations are
as low as in rheumatoid arthritis. However, the
intrinsic viscosity and the anomaly factor are
slightly higher. These findings indicate that the
chronic irritation which follows minor trauma
leads to marked dysfunction of the synovial mem-
brane. If further investigation confirms these
findings it will be of considerable diagnostic value,
since objective laboratory, clinical and roentgeno-
graphic findings are often insufficient in traumatic
synovitis.

For the differential diagnosis of the various
types of joint diseases, a combination of the dif-
ferent rheologic findings in synovial effusions pro-
vides valuable, although limited, information. For
example, synovial fluid with a high relative and
anomalous viscosity is more likely to be associated
with osteoarthritis than with rheumatoid arthritis
or chronic traumatic synovitis.

Sundblad (3) tends to minimize the value of
relative viscosity in the differential diagnosis of
various types of arthritis, However, from our
results it appears to be as valuable as any other
single viscosity determination.

For clinical studies the simpler methods of de-
termination of relative and anomalous viscosity
which do not require hyaluronic acid determina-
tions should be sufficient.

Viscosity measurement is only one aspect of a
systematic examination of synovial effusions which
includes cytological, chemical and bacteriological
tests as described by Kling (1), Ropes and Bauer
(2) and by Sundblad (3). Comprehensive study
of the joint effusions combined with a thorough
clinical, laboratory and roentgen study are neces-
sary for an adequate differential diagnosis.
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SUMMARY

1. A simple capillary viscometer is described,
which permits the determination of relative, in-
trinsic and anomalous viscosity of small volumes
of synovial fluid.

2. The various viscosity measurements were de-
termined in synovial fluid from normal carpal
joints of horses and cattle and from pathological
effusions in human knee joints damaged by osteo-
arthritis, rheumatoid arthritis, and chronic trau-
matic synovitis.

3. Hyaluronic acid concentration on these fluids
were carried out by a controlled turbidimetric
method.

4. Normal synovial fluid from the carpus joint
of cattle gave the highest average values for the
relative viscosity, intrinsic viscosity and anomaly
factor. The concentration of hyaluronic acid was
high. The fluid from horses showed viscosity
values which were lower than those found in
cattle, and a lower hyaluronic acid concentration.
The volume of fluid was small in both species
compared to pathological human fluid.

5. In the pathological fluids, deviations were
most marked in rheumatoid arthritis, less so in
chronic traumatic synovitis, and least marked in
osteoarthritis.

6. Interpretation of the factors responsible for
the differences in viscous behavior are presented.

7. In conjunction with other tests the rheologi-
cal behavior in normal and pathological fluids pro-
vides valuable information about the physiology
and pathology of joints.
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