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Preface

TaE studies on synovial flurd reported m this volume were mih-
ated twenty years ago 1n the hope that knowledge of the changes
n the flud 1n jomt disease would aid 1 better understanding
and differential diagnosis of the varous arthntides This project
has been part of 2 larger progrum, the aim of which has been to
care for patients with jomnt disease and to gan knowledge of the
anatomy and physiology of articular structures, the diseases which
affect them and the individuals so afflicted This program, which
has been carmed out by the Arthnitis Group at the Massachusetts
General Hospital, has been supported by the Robert W Lovett
Memorial Foundation for the Study of Crippling Disease, Harvard
Medical School since 1ts mnception, and by the Commonwealth
Fund and the Massachusetts Department of Public Health sub-
sequently

From the outset 1t was apparent that study of the ongm and
properties of normal synovial fhud was essentjakas a basis for
companson and evaluation of the changes produced by disease
Norma! flmd was obtamned post mortem from patients who had
had no signs or symptoms of jomnt disease Because sufficient
flud for complete analysis cannot be aspirated from normal
human jomts fld was also obtamed from normal cattle immeds-
ately after slaughter In addition to the acquisition of knowledge
of the charactenistics of normal synovial fluid, studies were under-
taken to add to the existing mformation concernmg the exchange
of substances across the blood-jomt barner

Fluds from pathological effusions were obtamed from the large
group of patients with joint disease seen by the Lovett Founda-
tion Group on the wards and 1 the climes of the Massachusetts
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General Hospital The alterations in the charactenstics of the flud
with disease were found to reflect the degree of change in the
synowvial tissues and to be of value n diagnosis or to aid 1n inter-
preting alterations in the permeability of the blood jont barner
and m 1ntra-articular metabolism On the basis of the findings
m the first 800 fluds 1t became apparent that pathological effu-
sions could be divided into two major groups the first, Group
I, which contams flmds with relatively shight abnormalities, was
found to mclude diseases m which the mflammation was trau
matic n ongmn, whereas the second, Group II, mcludes rheuma
toid arthnitis and infectious arthntis

In this volume the present concept of the nature of synovial
flud and the charactenstics of normal flud will be presented first
The findings 1n respect to each mdividual charactenstic of jomt
flmd under conditions of disease will then be described and
related, when possible, to the underlying physiological alterations
The abnormalities found in flds from the various types of jomt
disease and therr diagnostic sigmficance will be discussed

1t 15 only by studies of this type that one can learn more of
the physiological and metabolic alterations in articular tissues
1m jomt disease and obtain clues as to the pathogenic mechanisms
mvolved In diseases, such as rheumatoid arthntis, m which the
etiology and pathogemcity are unknown, elucidation of under
lying mechamsms becomes of major unportance

The solution of many of these problems must await the acqui-
sition of basic chemical knowledge This 15 well exemphfied 1n
the case of mucin In this mstance we are m need of information
concerning the chemical composition of the polysacchandes of
connective tissue, their structural configuration, the enzyme sys
tems concerned with their synthesis and degradation and the
mtermediate compounds As this knowledge comes to hand the
metabolism of mucin m articular diseases can be mveshgated
agamn The results obtamned by new methods should reveal dif
ferences in articular disease m terms of cellular derangements
and enzymatic systems It 1s hoped that the alterations observed
can be translated mm terms of disease mechamism Such an ap
proach to the study of chrome rheumatic diseases 1s enhanced
by constant interplay between a group of workers tramed n
various disciplines
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The solution of many of the problems that anse at the bedside
lies 1n the laboratory Likewise the validity of a given hypothesis
which has 1ts onigin 1 the lnboratory can only be tested in terms
of disease sigmficance at the bedside It 15 thus crossing and re
crossing from ward to laboratory which 1s so watal to our pnmary
objectives, namely the amehoration, alleviation and prevention
of the ravages of a group of chrome disabling diseases Aclueve-
ment of these goals, be 1t partial or complete, can come only
from a better understanding of the course and nature of the
underlyng disease mechanisms and the testing of possible means
of arrest and prevention

We are indebted to Dr Howard C Coggeshall for the imtial
cytological studies, including the use of the supravital techmque,
and for his assistance 1n the study of the imtial case materal
We also are mdebted to Dr J Peter Kulka for the review and
description of the pathological matenal and to Dr G E Perlmann
for the reported electrophoretic studies which were carned out
under her supervision We wish to thank all past and present
members of the Lovett Foundation Group who have given gener-
ously of time and thought and furmished us with case matenal
It would have been impossible to accumulate the mass of data
1f 1t had not been for the assistance of the following, to whom we
also wish to acknowledge our debt Miss Elsie C Rossmersl,
Mrs R Barbara Peabody, Miss Ehzabeth Mannmg, Mrs Dorothy
Slobodkn, Miss Olivia B Swaim, Miss Barbara Kraft and Miss
Katherine I Brine We wish to express our appreciation to Miss
Hope Richardson for bibliographic and editonial assistance and
to Mrs Magdalene Evers for secretanal assistance 1n preparation
of the manuseript

M W R
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Contents

Preface

Figures

Tables

I Introduction

I

-

Normal Synovial Flnd
Synovial Fluid 1 Patients with Edema
Methods
Aspriration of Flud
Examination of Flmd
Gross Appearance
Bacterology
Cytology
Physical and Chemical Data
Indications for Aspiration

Varations i Characteristics of Synovial Flurd with Disease
Intra articular Pressure
Amount of Flud
Gross Appearance of Fluid
Bacteriology and Immunology
Cytology

Leukocytes

Erythrocytes
Speafic Gravity and Total Solids
Protem
Fibrmogen
Mucimn and Viscosity
Non electrolytes

10
10
10
11
12
12
13
14
16

18

19
19
20
21

38
38
39
52



CONTENTS

Non protemn Nitrogen and Unc Aad 64
Bilirubin 64
Sulfonamides 65
Pemaillin 65
Chloromycetin 65
Sugar 66
Lactate 72
Electrolytes 73
Thiocy anate 74
Hydrogen Ion Concentration 74
Lipuds 76
Enzymes 7
Findings 1 Fluids in Group I, Diseases of Traumatic Ongin 78
Traumatic Arthnitis 78
Osteochondritis Dissecans 82
Osteochondromatosis 82
Neuroarthropathy (Charcot Jomnts) 83
Degenerative Jomt Disease 85
Summary of Findings in Group I Fhuds 88
Findings in Fluids R bling Both Groups in Some Respects 89
Hypertrophic Pulmonary Osteoarthropathy 89
Hemophilic Arthnitis 90
Scurvy 90
Lupus Erythematosus Dissemmatus 91
Gout 92
Rheumatic Fever 93
Arthritis Due to Hypersensiivity 94
Erythema Nodosum 95
Hemorrhagic Villous Synovitis 95
Neoplasms 96
Findings n Fluds in Group 11 Rheumatod Arthritis and
Diseases of Infectious Ongin 98
Specific Infectious Arthnitides 98
Septic Arthritis (Due to Streptococer Staphylococe:
Pneumococc and E cols) 100
Gonococcal Arthritis 102
Menmgococeal Arthritis 104
Haverhull Fever 105

Arthritis Assoctated with Bacillary Dysentery 105



CONTENTS

Bacteroides Arthnitis
German Measles
Tuberculous Arthritis
Syphiliic Arthritis (Congemtal)
Reters Syndrome
Rheumatoid Arthritis
Effect of Synovectomy on Synovial Thud Tindings in
Rheumatord Arthnitis
Intermittent Hydrarthrosis
Bursitis and “Bakers Cysts”

VI Diagnostic Valuc of Jownt Aspiration
VII Physiological Considerations
Bibliography

Index

X1
106
100
100
109
110
112

118
118
120

122
128
131
145






-

[

2]

o

oy

-2

-]

©

10

Figures

A natural sized drawing of the mtenor of the left knce jomt

of a normal dog facing 4

Camera lueida drawing of Jow magmification (x100) of a m
croscopic section taken from the nght knee of the same dog as

m Frgure 1 facing 5

Relationship between the log of the viscosity and the square
oot of the concentration of mucm glucosamine 1n synovial
flwd and 1n mucin and polysacchande solutions

The appearance of the cells of normal synovial flud with two
methods of stammng

Total number of leukocytes per cu mm 1 synovial fld from
vanous jomnt diseases

Absolute number of polymorphonuclears per ct mm m syn-
ovial flmd from various jomt diseases

Cytalogieal findings and concentration of glucose i series of
fuds obtamed daily from a patient with generalized rheuma-
toid arthntis who had bilateral mtermittent knee effusions
recurring at regular mntervals

Cytological findings and concentration of glucose m a senes
of flmds obtamed daily from a patient with intermttent
hydrarthrosis

Concentration of total protem (exclusive of mucin) 1 synovial
flwd from vanous jomt diseases

Concentration of globulin 1 synovial flmd from various jomt
diseases

Concentration of mucm mitrogen 10 synovial fimd from various
jomt diseases

Relatwve viscosity at 38° C of synovial flmd from various jomt
diseases

Types of mucm precipitate obtamned with acetic acid facing 62

15

30

35

37
40
48
54

60



v FIGURES

14 The difference between the concentrations of glucose 1n serum
and synovial flind 1 various jomt diseases 68

15 The relationship between the Jactate and glucose concentra
tions 1n synovial fluids and sera 1n vartous jomt diseases 75



=g

m

VI

=]

Vil

X

XII

Tables

Normal Human Synovial Tlnd

Companson of the Distribution Ratios for Synovial Flud,
Edema Flwd, the “In Vino” Daalysate, Asaitic Flnd and
Lymph and the Theoretical Donnan Ratios

Vanations 1n Cytology of Synowial Fluid with Duration of
Effusion

Companson of 9 Fluids with Positive Cultures and 33 Fluids
with Negative Cultures in Gonococeal Arthntis

Relation of Cytological and Chemircal Findings m Synowial
Fluid and Serum to Duration of Effusion (Rheumatord
Arthnitis)

Total Leuhocyte and Polymorphonuclear Counts m 24
Fluds Aspirated from Kknees of a Patient with Rheumatoid
Arthnitis Over the Course of 16 Months

Relation of Cytological and Chemical Findings m Synovial
Flud and Serum to Seventy of Disease (Rheumatod Ar-
thntis)

Relation of Cytological and Chemical Findings i Synovial
Fluid and Serum to Duration of Disease (Rheumatoid Ar

thritis)

Variations i Concentrations of Albumin Globulin and Mu

em 1 Intermittent Bilateral Knee Effusions i a Patent
with Rheumatord Arthritis

Companson of Different Methods of Estimating the Con

concentration and State of Mucin 1 Vanous Types of Jomt
Disease

Concentrations of Glucose 1n Synovial Fluids Asprrated
8 to 4 Hours After Eating

The Relationship of Intra articular Pressure and Concen
tration of Glucose i Synovial Flud

27

32

34

45

66

71



Xv1 TABLES
XIII Distribution Ratios for Chlonide, Calcrum and Phosphorus

m Various Diseases 73
XIV Synovial Flmid Findings in Two Patients with Rheumatoid
Arthntis Before and After Synovectomy 118

Chart Synowial Flud Findings n Jomnt Disease  nside bach cover



Synovial Fluid Changes

in Joint Disease







I

Introduction

Paracersus {1498 1541) 15 credited with having first noted the
presence of viscous flud m the articular cavities ¢ The flud 15
contamed 1n the space formed by the opposing cartilage covered
epiphyses and the connecting jomt capsule It 1s now generally
agreed that the lughly vascular synoval tissue Iimng the capsule
1s shightly modified connective tissue, varying wn different parts
of the Jount as described by Key,'*® and not an actual membrane
Many recent workers consider the articular cavities as connective
tissue spaces synovial fluid as tissue flmd and the embodied muecin
as the equivalent of the polysacchande protem component of
other connective_tissue (see reviews' ™) The contents of the
articular cawity are presumably m direct communication with
the imntercellular flud of the synovialis From available data, 1t
has been concluded that synowial flnd 1s_a_protem contammg
dralysate of blood plasma to which mucin, secreted by the synovial
cells, 15 added as the plasma water diffuses through the synovial
tissue spaces nto the larger tissue space, the joint cavity **
Synowial fluid, as mught be expected from the hypothesis that
1t 15 tissue flud, shows changes with disease which reflect altera
tions 1n the synovial tissues and intra articular metabolism The
normal exchange of substances between the vascular and lym-
phatic systems may be disturbed or there may be altered utihiza-
tion, formation or destruction of various constituents within the
Jomt Examnation of synovial flud should therefore y1eld informa-
tion "concerming the type and degree of change mn the jomt
Analysis of flud has, however, been of lymted value 1n the
diagnosis and prognosis of yomt disorders The knowledge of the

1
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physical and chemical charactenishics of normal synovial flusd
that 15 necessary to mahe sound evaluation of pathological fluids
has accumulated slowly Furthermore, although a few studies on
small groups of fhnds from vanous joint diseases have been re
ported, no extensive mvestigations have been carmed out, so
mformation on the vanatons m the fud under condihons of
disease has been laching The present study, m which the findings
1 1,500 fmds from vanous diseises are compared with the normal
and, msofar as possible, mterpreted i terms of the underlymg
pathological physiclogical changes, mndicates the value of jont
aspiration

NORMAL SYNOVIAL FLUID

The followsng summary of the charactersstics of normal syno-
vial flmd 15 accompamed by a discussion of the exchange of
substances through normal synovial fissues, a process which must
be understood m order to evaluate the altered permeahility
produced by disease The detads of the studies leading to the
conclusions outhned m this chapter have previously been 1e
ported * ¥ 37 3 Normal human synovial flmud was obtamned
post mortem from patients who had had no signs or symptoms of
jomnt chsease Because sufficient flmd for complete analysis cannot
be asprrated from normal human joints, many of the data were
obtamed from cattle flmd, which 15 apparently, essentially the
same as human

Normal human|synovial flud 15 a clear, pale yellow, viscous
flmd which does not clot As muight be expected m a flmd that
serves chiefly for nounshment of avascular eartilage and for lubn-
eation, 1t contams very few cells The eytology 1s comparable to
that of other tissue flnds substantiating the concept of the jomt
cavity as a connective tissue space The amount of flurd obtamable
from a normal human jomt vaes from 013 to 35 cc (Table I)
The volume of fluid present 15 determmed nomally by two
opposing forces capillary pressure on one hand, and the differ-
ence 1 osmotic pressure between plasma and flutd on the other
The shghtly negative mtra articular pressure, which vanes with
motion, also rppears to play a role m this equibbrium Ekholm
and Norbach®-* found an mcrease m the volume of fud n rabbits
jomts after exercise
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Tasee I Normal Human Synovial Flud

Range Average
013 -35 11
Amoynt per knee joint, cc.
57 - 1160 235

};ehhve viscomty at 25 C 310 Trd A
Total cell count, cells per cu mm 13 - 180 83
Differential-per cent

Polymorphonuclears 0 - _2/.; ggg

Lymphocytes o - 3 it

Monocytes o - :"8 e

Clasmatocytes 0 - 51 o

Unclassified phagocytes o - 1 19

Synowial cells 0 - I A
Total solids gm. per 100 gm 240 483 i
Total albummin and globulin gm per 100 cc. 107 -218 1 05.
Albun'ixlz gm per 1]%% cc 1 e
Globuln gm per cc
Muews mtrogen gm per 100 ec. 0068-0 lﬁi 0104
Mucmn glucosamine gm per 100 e 0012-0132 0074
Fibnnogen [¢]
Glucose App ly same as in plasma
Non protem mtrogent App tely same tion as in plasma
Electrolytest A ly same as in

rplasmz dualysate

*Analyss has been made on only 1 fuid from a patient without edema. The sverages for total
slbumin and globubin include 9 other fuds
$5ee Table I

Substances entening the jomnt must pass the capllary endo-
thelrum and diffuse through the mtercellular spaces of the syno-
vialis Companison of the composition of jomnt fluid with that of
plasma indicates that non electrolytes diffuse readily m exther
direction between blood and synovial flurd and that electrolytes
are distnbuted 1 accord with the Gibbs Donnan theory of
membrane equitbrium?®? (Table II) The concentration of non-
electrolytes (glucose, non protem mtrogen, unc acid) 1s approa-
mately equal 1n fluid and serum Chlonde and bicarbonate are
present m higher concentration 1n the flud than m the serum
while the concentrations of sodwm potassium, calerum and mag-
nesium are lower 1n the flind The low distribution ratios obtamed
for potassium, caleimm and magnestum mdicate that part of each
of these cations 15 held 1n the serum, presumably bound to pro-
temn Tt 1s of interest that Joseph, Reed, Steck, Folk and Kaplan®?
found the mobility of many 10ns 1 synowial tissues the same as
1 water but that the bivalent cations had Iower apparent mobili-
ties in the tissues than i water Thus the distnbution of electro-
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lytes and non electrolytes between serum and flud 1s m accord
with the concept that synowvial flmd 1s a dialysate i equilibrium
with blood plasma This relationship 1s also suggested by the
marked vasculanty of the synovial mtima whose numerous capul
lanies and venules are in close proximty to the articular lumen ** ™
(See Figures 1 and 2 ) Such a theory explamns all that 1s known
of the physical and chemical composition of synovial flmd except
the presence of albumin, globulin and mucin Slhght capillary
permeability to protem presumably explains the entrance of
albumin and globulm 1nto the joint cavity The high albumm/
globulin ratio of the flmd compared with that of the serum,
which accords with the findings of other mvestigators m lymph,
edem1 and ascrtic fluds (see review'?), indicates greater permea
bility to albumm than to globulin, correspondmg to the differ-
ence 1 molecular weights The presence of mucm, whether 1t
be formed by the surrounding connechive tissue, as 15 most
hikely,7 39 93 99 107 110 201 op by cartilage, 1n no way mvahdates
the theory The properties which distingwish synowial flmd from
other fluids which are also dialysates of blood plasma are attribut-
able to mucin

Mucm, the charactenistic component of synowial flud, 1s an
easily dissociable proten-polysacchande complex The exact
nature of the components has not been determined It 15 known
however, that the polysaccharide contains equmolar amounts of
acetyl glucosamme and a urome acid *3° and that the protemn
component consists of at least an albumin and severn] globulin
fractions 7" Jeanloz?® has shown that the polysacchande 15 a
non ramified polymer of b glucuronic acid and N acetyl p gluco
samine residues connected through 8 1-3 Imhages Glucosamine
constitutes 40 per cent of the polysaccharide and 8 per cent of
the mucin ** The degree of dissociation of the protem polysac-
chanide complex 1n vivo has not been determmed with certamty
12 65 79 131 139 170

The hypothesis that mucin 1s formed by the cells of the con-
nective tissue surrounding the jomnt 1s supported by good evi-
dence 1 ¢ 118 181 4 substance simular to synovial find muein has
been found in the subcutaneous tissues of rabbits 1% the sexual
shin of monkeys*® cocks combs® and the connective tissue
lming the astragalotibial jounts of cattle * In addition the en



FiGure 1 A natural sized drawing of the interior of the left knee jomnt of a
normal dog

The blood vessels of the rear extremuties had been perfused with a suspen
ston of graphite It will be noted that the subsynovial tissues are very vascular

particulrly 1n the region of the wmfrapatellar fat pad and immedrately adjacent
to the patelln
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TanLe I Comparison of the Distribution Ratios for Synoyvial Tluid, Cdema
Fluid the "In Vivo” Dialysate Ascitic Fluid, and Lymph and
the Theoretical Donnan Ratios (See Review)

Synovial fuid aimhve,
Cattle lluman Edema fuld dog. Aseitle fldd  Lymph

Q. 99 98 97 08 08 95
Cly
HCO,
Hico, 84 96 97 97
PO,
0, 100 103 117 112 107
Na,
e 93 97 91 04
k
x s 73 78 94

]
i 83 87 80 76 84
Ca
Mg,
—_— 88 66 86
Mg
‘Theoretscal

Donnan 93 93 96 93 97
NPN,
NEN 87 91
Urcaad,
Uncaad 84

largement of the Golg: apparatus of the synovial cells n response
to trauma® '° and the associated accumulation of intercellular
mucord matenal demonstrated by King'®® offer support for this
theorv

The mode of destruction of mucin 1s not known but 1 view
of the difficulty with which large molecules leave the joint
cavity ** 1t 15 probable that breakdown occurs 1 the synovial
flnd or tissues Many bactenal and tissue enzymes that produce
m vitro degradation of mucin have been recogmzed but simlar
enzymatic activity has not been demonstrated m synovial flmd
or tissues **! 7 Ascorbic acid, which also causes degradation of
muctn 18 vitro, has not been shown to have hyaluromdase activity
m vivo Testicular extract, however has been found to maintain



Figure 2 Camera lucida drawing ot low magmﬁcatmn (xIOO) of a4 mucro
scopic section taken from the right knee jomnt of the same dog as in Figure 1
The nich subsynovial vascular system 1s well illustrated In some nstances

the blood cipillirnies are separnted from the intenor of the jomnt by not more
than one or two lavers of synovial linming cells
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9 Normal carp pal and astragalotit
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B Mucn {cattle) mn jomt flmd (cattle)
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° Astragalotibral joint flnd (cattle) m 0 9 per cent NaCl

* Mucin {cattle) i serum (human) diluted wath Ringer s phosphate solu-
tion

1 jomt flurd (cattle)

4 Mucin (cattle) 1n M/15 Na acetate
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F'ls\lmSm'lglnnlly printed fn Ropes M W Robertson W v B Rossmels] E C Pe.
auer W Syzovial Fluid Mueln Acta Med Scanmnav 1947 Suppl 196‘“9]%%
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1ts hyaluromdase activity when njected into jomnts of patients
having rheumatoid arthntis ¢ Exposure of synovial flmd or
hyalurome acid solutions to X rays m vitro has been shown to
cause marhed reduction of viscosity 57

The ligh viscosity of normal synovial fluid 1s due to the presence
of muem * 13 17 This 15 shown by the fact that the viscosity
of the flmd approaches that of water after the mucn 1s precipt
tated or destroyed enzymatically Ewvidence that the long cham
molecule of the polysaccharide component causes the viscosity 1s
given by the persistence of the viscosity of mucm solutions after
tryptic digestion of the proteins Gunter® noted smilar per-
sistence of the fiber-formmg capacity of cattle synovial flurd
after tryptic digestion

A proportional relationship has been found to eust between the
log of the viscosity of a mucin or polysacchande solution or
synovial fluid and the square root of the mucin glucosamme con
centration’™ (Figure 8) This proportionality, which apparently
remamns constant even after partial splitting of the polysacchande,
provides 2 possible means of estimating the degree of degradation
of muemn 1n pathological effusions The most rehable indication
of the state of mucin 1n any fluid, however, 1s the nature of the
precipitate obtamed with acetic actd Further evidence of the
state of mucmn may be obtained m some cases by the mtrogen/
glucosamme ratio (a comparison of the methods 1s given on
p 62)

The properties of muem suggest 1ts participation 1 various
physiological processes It 1s presumably of great importance m
the lubrication of joints ™ °7 1 Because of its high base binding
power 1t apparently axds in regulation of calcium equiltbrium *
187 It also affects the transfer of water between plasma and syno
vial flud ** Its effect i holding water 1n the mtercellular tissue
spaces 1s suggested particularly 1n myxedema, a disease in which
the amount of mucin 1n synovial and other connective tissues 1s
greatly ncreased ™ 8- 1 200 213

The permeability of the synowial tissues to substances of large
molecular size such as protemns 1s of special sigmficance 1n the
physiology of joints because of the effect of such substances on
osmotic pressure and thereby on water exchinge Possibly 1t also
explans the frequent localization of disease processes mn the
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Absorption 1s greatly mcreased from joints which are evercised
and from those 1 which severe, acute inflammation has been
produced, and 1s decreased with chrome inflammation of joints®
1 Bl 108 115 185 18¢ Efshnd,‘“ ho\\e\cr, found reduced absorptmn
of perabrodil and indigo carmine 1n hemorrhagie traumatic arthni-
tis as well as theumatoid arthntis Edlund® ascnibed the increased
absorption after exercise to a “brealung of the resistance of the
tissues and concluded that the mechamsm of absorption was the
same 1n synovial tissues 1s 1n that described for other connective
tissues by McMaster (see review™)

Edlund and Linderholm® noted creased absorption of water
and hemoglobin after admimstration of salyrgan and a decrease
following production of subcutancous inflaimmation or contra-
lateral intra articular burns *® Hofthemnz®® concluded that block-
mg or cutting the nerve supply to a jomnt decreased absorption
of sodium 10dide from the jomnt Seifter, Baeder and Begamy'®!
reported that hyaluronidase and desoxycorticosterone acetate
mereased absorption of phenolsulfonphthalein from jonts Corti-
sone and 21 acetoxypregnenolone decreased the absorption from
jomts and counteracted the increase produced by hyalurom-
dase **2 Edlund,*® however, concluded that desoxycorticosterone
acetate does not affect absorption from normal joints but decreases
absorption from muldly injured jomnts and increases 1t from
severely injured jomts

The only experimental evidence of the presence of immune
bodies 1 normal synovial fluid 1s found m the work of Poehl-
mann 2 He studied 100 flnds from patients having various
stages of syphilis with and without jomnt symptoms Of the patients
with positive blood Wassermann reactions, 25 of 36 untreated
secondary cases, 2 of 12 latent cases, and 8 of 9 tertiary cases
had positive reactions m the flmd He never found a positive
Wassermann 1n the flud when the reaction m the blood was
negative

Relatwvely httle 15 known of the enzymes of normal synovial
fimd Podkaminsky** noted the presence of an amylase, protease
and lipase but no catalase We have found, however, that normal
flwd (bovine and human) causes breakdown of hydrogen perox-
1de The activity of alkalime phosphatase 1 normal cattle fluid 1s
higher than that in the serum but varies markedly from flud to
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articulations Compared with true membranes, synoval tissue has
a marhedly greater permeability 1

The factors affecting permeabihty are only partally under
stood Engel™ has concluded, from the results of experiments mn
ammals on which unilateral lumbosacral sympathectomy had
been performed that loss of activity of the sympathetic system
decreases capillary permeabihity Cheng ® however, has been
unable to corroborate Engels findings In a companson of and
and alkaline dyes, Tani®™ found that 36 of 50 acid dyes and 18
of 26 basic dyes entered the jomt Engel, however, noted that
almost all acid dyes but no allalne dyes appeared m the jomt
perfusate He explamed the difference by the hypothesis that the
lhipord soluble alkahne dyes were removed from the blood stream
by the cells and tissues within a few mmutes, whereas the aad
dyes remaimned m the blood for hours

Permeability has been found to be mereased m mflamed jomts
by voun Seemen *** Burman and Khng,* and Bond: and Jacoby,”
althongh Engel® found decreased permeability to acd dyes and
Scott Thoburn and Hanzhk!™ and Frohlich and Singer® noted
no mereased entrance of salicylates mnto mflamed jomts Tam™
reported greater entrance of both acid and allalme dyes m
fammation of short duration but a decrease after 11 to 14 days

The entrance of particulate matter mto the joint has been less
thoroughly inveshigated Kuhns and Weatherford™® found that
carbon particles mjected mto the abdommal wall of rats appeared
m the histiocytes of the synovial membrane but m smaller
quantities than m the hwver spleen, ladney and bone marrow
Expenimental studies have shown that iving bactena gam access
to synovial flmd more readily than to spmal find, agueous humor
or unne {see review')

Resorption of small molecules takes place almost entirely by
way of the subsynowial blood capillaries and only to a shght
degree through the lymphatics 2 * Proteins 1n contrast to small,
readily diffussble substances are removed from jomnts only by
way of the lymphaties * The removal of particulate matter m
cluding the cellular debrs of wear and tear, 15 slower and 15
achieved by a combination of several processes m which the
mononuelear phagocytes, the predomnant cellular constituents
of synovial fhud, play the chief role *- %
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substances as sugar to be established between serum and flurd
In some cases the paticnts were not fasting or were under anes-
thesia at the time of aspirition The concentrations of sugar and
phasphate n such cases were not of value for companson with
the findings 1n other fluds

The shin over the joint to be aspirated was prepared by shaving
and washing with green soap, alcohol and ether 12 hours before
aspration and agan washing with jodine and alcohol at the time
of aspration The shin and the subeutaneous and subsynovial
tissues were infiltrated with novocamne at the site of puncture

The majonity of fluds were obtaned from knees, although n
a few cases, shoulder, elbow, hip or ankle joints were aspirated
On the rare occasions when fluid was aspirated simultaneously
from one or both knees and another jomt, 1t was simlar 1n all

The usual site of puncture 1n the knee was shghtly above and
approumately 2 cm lateral to the patella From this position
one could enter readily exther the quadriceps pouch or the region
of the jomnt cavity under the patella An 18 or 19 gauge needle
with stylet, of the type employed for lumbar puncture, was used
for withdrawing the flmd Intra articular pressure was determned
by means of an Ayer manometer In order to obtamn comparable
and consistent pressure readings, the patients were recumbent
and quet, with the leg extended 1n a position of comfort If any
motion of the leg occurred while the pressure was beng deter-
mimed, a nse 1n pressure, which subsided slowly to the ongmal
level, resulted In order to facihtate the passage of extremely
viscous fluids 1nto the manometer, 1t was often necessary to rotate
the manometer so that 1t was parallel to the leg and therefore
level with the jomnt After rotating the manometer back to 1ts
normal position, readings were not made until the flmid level
had been constant for several mnutes Blood was obtamed from
the medan cubital vem at the time of aspiration Following

aspiration an elastic bandage was applied and the patient allowed
to walk immedsately 1f necessary

Examination of Fluid

The first sample of fud was collected for bactenological studies
1n a stenle tube, usually contaming 2 t0 8 mg of sodium eitrate
per ce of flmd In the sample used for cytological studies and
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fluad ¥* The activity m normal human flmd 15 much lower than
that 1n the serum

SYNOVIAL FLUID IN PATIENTS WITH EDEMA

The synovial fld from patients with edema but no joint disease
provides additional evidence 1n support of the hypothesis that
synovial flud 15 a plasma dialysate to which mucin 1s added as
the plasma water diffuses through the synovials This synowial
flud 15 comparable to the edema fluid obtaned from other con
nective tissues A disturbance of the equilibrium regulating the
formation of tissue flud, which 1s usually due to increased
capillary hydrostatic pressure and/or decreased osmotic pressure
difference between plasma and flud, accounts for the increased
volume of flud 1 both cases All the findings 1n the synovia mn
such patients indicate dilution of normal flud

In the senes studied m this laboratory, the amount obtamed
from the knee was occasionally as much as 40 cc ** It was clear,
very pale yellow and much less viscous than normal with an
average relative viscosity of 53 1 contrast to 235 Ragan'® mn §
fluids found volumes from 12 to 30 cc with viscosities ranging
from 3 to 622 The total nucleated cell count also was lower than
normal, ranging from 0 to 128 % 11° 1 8 The specific gravity varied
from 1 008 to 1015 * " The average content of total solids was
reduced from 341 gm per 100 gm to 223 The pH remamed
essentially normal, with a range from 7 29 to 7 45 % 17t The aver-
age total protem, exclusive of mucin was 063 gm per 100 cc
n contrast to 172 gm m flmd from patients without edema The
globulin fraction was very low, rangmg from 0 to 033 gm per
100 cc® " The average concentration of muemn mtrogen 1n our
series was reduced from the normal value of 0104 gm mitrogen
per 100 cc to 0 061 gm *™* The lowered mucin content associated
with the increased diffusion of water into jomts 1n patients with
edema suggests that the rate of formation of mucin 1s not so
accelerated as the rate of transudation of water

METHODS
Aspiration of Fluid

The majonity of the patients fasted for at least 12 hours before
the jomts were aspirated mn order to allow equilibrium for such



INTRODUCTION 13

plun mfusion broth or thioglycollate broth were adequate For
gonococe, memngococcl, Streplobacillus moniliforms or pleuro
pneumoma ke orgamsms, boiled blood aseitic agar plates or
broth were used For bacteroides, thioglycollate broth was used
and cultures were hept 2 weeks The percentage of positive results
1n infectious arthntis was mereased if the cultures were planted
at the bedside They were incubated 1t 87° C acrobically and
under 10 per cent CO, In most cases, cultures were made also
m anaerobic meat tubes All cultures were hept for 4 days and
many for 2 weeks Smears stamned with Gram’s stain were exam-
med m all cases in which cultures were made Some of the fluds
from rheumatoid arthritis were moculated 1nto chich embryos,
and were mjected mto mice intravenously, mtra articularly or
intracerebrally Guinea pig 1noculation was necessary m tuber-
culous arthntis In a few cases, cultures for acid fast bacilli were
made on Dubos s medam * ™
Cytology Cytological methods were essentually the same as
those used n the study of normal human fluid ** The erythrocytes
and leukocytes were counted simultaneously m a standard hemo-
cytometer In all cases except occasional traumatic effusions, 1t
was necessary to dilute the flud 1n a standard white cell counting
pipette Normal saline was used, since the routine diluents cause
precipitation of mucmn with resultant reduction 1n the number of
cells in the supernatant fllud Addition of methylene blue to the
saline axded 1n recogition of nucleated cells
Differential counts were made either on thin fixed smears
stained with Wnght s stain or on fresh preparations stamned supra-
vitally with neutral red and Janus green ** In many cases
counts were obtained by both methods and showed essentially the
same percentage of cell types The chief differences appeared mn
the distribution of mononuclear cells, which at times are relatively
hard to differentiate with Wright s stain 1n fixed smears However,
differentiation of one mononuclear cell from another 1s not abso-
lutely essential for diagnostic purposes The relative proportion
of polymorphonuclear to mononuclear cells gives the best mndi-
cation of the degree and type of mflammation m the synovial
tissues The total number of phagocytes 1s of course, of additional
value 1n determmmg the degree of tissue wrritation and myu In
general differential counts on pathologieal effusions can h]e 4
made
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determmation of fibrinogen content, clottng was prevented by
the addition of 2 mg of potassium oxalate per cc of flmd For
the other analyses, no anticoagulant was added The specimens
of flmd and blood to be used for determmation of pH were
collected under o1l

The determunations which were made 1n each case depended
on the amount of find obtamned A few drops were sufficient for
determimation of the gross appearance, total nucleated cell count
dufferential count, viscosity and the type of muwn precipitate
The total amount necessary for the other most sigmficant analyses
—determmnations of the sugar, total protem, globuln and mucn
concentrations pH, bactenal and immunological exammations—
wasat least 8 ce * In the first 400 pathological effusions examined
much more complete studies were made, mcluding other non
electrolytes (non protemn nitrogen and unc acid) and electrolytes
(calesum, phosphate and chlonde) Smce no diagnostic or prog
nostic sigmficance of these deternunations was apparent, we do
not consider them of value mn the routine analysis of synovial
flwmd

Blood withdrawn at the time of jomt aspiration, was always
exammed for sugar if possible and for protemn fractions when
ndicated

Gross appearance  The appearance of the fluid 1n respect to
degree of turbidity, color apparent viscosity and the presence
or absence of clotting was noted at the tune of wrthdrawal If the
flmd contamed blood, it was important to determine whether
1t was due to a bloody tap Unequal distribution of blood between
the samples, streaking of blood through any sample and rapid
clotting especially if localized to the bloody streaks mdicated
that the bleeding was caused by the tap The presence of xanthro-
chromc blood pigment 1 the supernatant fluid after centnfugmg
mdicated that bleeding had occurred in the jomnt before aspiration

Bacteriology  Cultures were made on the majonty of flnds
In searching for such organssms as streptococer, staphylococer
pneumocoacey, or E coli routine cultures on blood agar plates and

*Obsesvation of the color viscosty and turbadity of the Buid its tendency to
clot the type and size of the mucin precipatate formed by the addition of acetic
acid to a fual concentration of 1 per cent and determunation of the total and
differential leukoeyte counts will often be of dugnosue value if faciliies are not
available for chemical analyzes
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satisfactonly on fixed smears Supravital preparations give some-
what more accurate results in classification of cell types but have
the disadvantages of bemg shghtly more time-consummng arnd
of requuring that the flnd be kept warm and be exammed within
an hour after aspiration In fixed smears the precipitated mucin
of the flud wall stamn Lightly (usually 1t 1s basophilic), formmg
an amorphous bachground which does not nterfere with differ-
entiation of the cells

The types of cells found 1n svnovial fluds and their appearance
with the two methods of stainng are shown 1n Figure 4 In many
pathological flmds the polymorphonuclear leukocytes, the mono-
eytes and the clasmatocytes show signs of marked wmtation with
sacuohzation of the cytoplasm Occasionally degenerated poly-
morphonuclear cells with single pyknotie nucler or wath extruding
nucler are seen.

Physical and chemical data  The following chemical methods
were used chlonde, Eisenman modification of the Van Slyke
method,*® morgame phosphate, Fishe and Subbarow ¢ sodium,
Rourhe modification of the Kramer-Gittleman method *™ caleium
Fiske and Logan ** non protemn mtrogen, Folin and Wu,™ une
acd, ether Benedict and Behre® or Folin,™ sugar, Foln,™? fatty
acds Stoddard and Drury,'** cholesterol, Bloor,™ lachc acid,
Barker and Summerson.’® The pH was determined by means of
a MecInms glass electrode, measurements bemng made at 25° to
28° C and corrected to 37° by the use of temperature coefficients
(A pH/ At = 0006 for synovial flnd, 0012 for serum) Speafic
gravity was determmed m specific gravity bottles with open
capillary outlets of the type desenbed by Moore and Van Slyhe **
Total solids were obtamed by drymng a weighed sample of approx-
mateh 1 gm at 100° C for 48 hours Viscosity was determmed
either by a Hess viscosimeter or by an Ostwald viscosity pipette
1 a constant temperature bath Glucosammme was determmed by
a shight modification of the Palmer Smyth and Meyer method,***
with the nse m some cases of an Exelvn photoelectric colonmeter
with filter no 520 and 1n other cases of a Coleman spectrophoto-
meter Protem other than mucin was calculated from the total
mtrogen (obtamed by a macro- or mcro-Kjeldahl method) The
difference between the total mtrogen and the sum of the non-
protem and mucin mtrogen was multiphed by the factor 6.25
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tissues In such cases 1t may prevent relaxation of tissues and
hasten recovery One gets the impression, 1n occasional mild and
moderately severe cases of theumatoid arthnibis n which effu-
sions persist after definite general improvement, that aspiration
hastens the subsidence of the effusions Aspiration of the knee
effusions n long standing cases of chronic rheumatord arthntis
1s sometimes indicated to allow better position and motion of
the jomts, to prevent further stretching and lessen relaxation of
supporting structures and to mmprove the arculation of the
synovial tissues

Although anubiotics or sulfonarmdes are rapidly effective
the treatment of many cases of infectious arthnts, daily jomnt
aspirations are valuable adjuncts They are of fundamental 1m
portance m mfechons not susceptible of speaific therapy In such
cases, repeated daily aspirations with or wathout saline irrigations
are often sufficient for cure, with resulting normal joints Open
dramage with the likelihood of residual yomnt damage may thereby
be avorded The total nucleated cell count, percentage of poly-
morphonuclears and sugar concentration in the fluds withdrawn
daily from septic jomnts enable one to determme whether further
specific therapy 1s needed and in non susceptible cases whether
aspiration 1s sufficient or open drainage 1s necessary

Flud aspiration, followed by mjection of air or lipiodol, may
be valuable when visuahization of the joint space 1s desired The
use of air, which 15 readily absorbed and causes little or no 1rmi-
tation, 15 preferable Subsequent X-ray examination indicates
whether or not the jomt space 1s 1 communication with surround
mg bursae or pouches

There 15 httle question about the safety of jont aspation
None of the 2200 or more aspirations performed m this clime
has been followed by a jomnt infection With preparation of the
region both 12 hours before and at the time of aspiration, and
with ordinary aseptic precautions, the danger 1s neghgible

The danger of serious bleeding exists only mm hemophilia
However, even 1 this disease, aspiration 1s safe if the clotting
tme has been brought to normal by transfusion n the previous
12 to 24 hours Withdrawal of bloody fiuid from hemophilic joints
15 often indicated to relieve the severe pan and to prevent marked
mflammatory changes m the synovial membrane



16 SYNOVIAL FLUID CHANGES

Mucin mitrogen and glucosamine were determmed by precipr-
tation with 1 per cent acetic acid nd re precipitation with acetie
acid from a 01 per cent sodum carbonate solution ' Esther
the difference 1n total mtrogen or glucosamine before and after
preapitation or the nitrogen or glucosamine of the precipitated
mucn represents the mucin nitrogen or glucosarine Albumin and
globulin contents were determmed esther by a modification of the
Howe method™ or by the method of Butler and Montgomery ™
The fibrmogen content of a few flmds was determmned by the
Cullen and Van Slyhe method,! the mtrogen was measured by
digestion and nesslenzation However, as most of the flurds con
tamed too httle fibrinogen for determination by this method, the
amount was estimated on the basis of the size of the clot formed
Clots were classified as small (+), moderate (-++) and large
{++-+) In the few Buds that contamed sufficient fibrinogen
for chemical analysis, sohd clots formed within a few mnutes
after aspiration In general the large sized clots formed soon after
withdrawal, whereas the formation of small clots frequently took
many hours

The electrophoretic expenments were performed at 15° C
m the apparatus deseribed by Tisehus™* equipped with the
Schhieren scanming device of Longsworth *** Before electro
phoresss, the plasma was diluted with buffer to make a final con-
centration of 30 mg protemn mtrogen per cc, or 187 per cent
The solution was then dialyzed for three days with daily change
of buffer The buffer used 1n all expeniments was 01 N sodum
di ethyl barbiturate and 002 N free barbitunic aeid pH 86,
1onic strength 01

INDICATIONS FOR ASPIRATION

The dragnostic and prognostic value of the mformation denved
from the examination of synovial flud 1s established in the present
series making the chief indications for joint aspiration obvious
There are also, however, certamn therapeutic indications Weat-
ever the purpose, the benefits of aspiration con be obtameﬁ*i
without danger or marked discomfort to the patient

Wathdrawal of fiud gives marked rehef m massive effusions
of traumatic or infectious ongin which cause severe pan erther
by thewr size or rapudity of formation and resultant stretching of
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exammation, Ibortory and X ry studies and 1 follow-up of the
patient after discharge from the hospital Questionable cases have
been excluded from the series

Anlysis of all of the findings indicates that pathological syno-
vial fluids 1 general ean be divaded 1nto two Jarge groups which
will be designated 1 the following discussion as Group I and
Group 1T Group I consists chiefly of cases in which an mnflam-
matory reaction® of traumatic ongin 1s present This includes
fluds from all types of traumatic arthntis (including those with
mjury to the semilunar cartilages and those with hemorrhagic
effusions), osteochondntis dissccans, deg ative joint d ,
neuroarthropathy (Charcot jonts), and osteochondromatoss
Group 1I wncludes flnds from all types of infectious arthntis of
known ongn (streptococeal, staphylococeal, pneumococeal, gono-
coceal, meningococeal, £ colt, bacteroides, tuberculous, syphilitic
and those of Haverhill fever, bacillary dysentery, and German
measles), from Reiter’s syndrome and from rheumatoid arthnitis
Effusions i lupus erythematosus disserminatus, hypertrophic pul-
monary asteoarthropathy and hemophiha resemble the fluds
of Group I m most respects Fluds from rheumatic fever, gout,
hemorrhagic willous synowvitis and synowial tumors of various
types resemble each group in certain respects

INTRA-ARTICULAR PRESSURE

In human knee jomnts without effusions, the intra-articular
pressure, as found by Muller,**® 1s —8 to —12 cm of water

The 1ntra arbicular pressure 1n joint disease mn this senies vaned
markedly and showed no correlation with the etiology, seventy
or duration Great varation was found also by Ranke'® and
Rostock 2 A sigmficant relationship between 1ntra-articular pres-
sure and the concentration of sugar i the flud was mdicated,
however, as will be discussed later The changes mn sugar concen-
tration with pressure, however, are not of diagnostic sigmificance

AMOUNT OF FLUID
The amount of flud ohtamned (post mortem) from normal knee
Jomts 1 our seres ranged from 013 to 85 cc'™ Ragan'®® ob-
tawned sumlar amounts, ranging from 10 to 40 cc

°The term *“mfammation” 15 used to mdicate disorders of
ermeabihity
tion and metabolism resulting from any type of tissue mjury P § ewerla
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Vanatwns i Charactenistics of Synovtal Flud
with Disease

Tue following mterpretations of the changes found m the cyto
logical and chemical charactenisties of synovial flud mn various
diseases are based on studies of approumately 1,500 finds Com
panson of the data 15 valuable because fluds from all types of
jount disease have been studied by similar techmques The studies
reported by other investigators will be referred to throughout
the discussion

The classification of jomt diseases used 15 that approved by the
Nomenclature Committee of the Amencan Rheumatism Associa~
tion ¥ Rheumatoid arthntis (prohferative arthntis, atrophie
arthritis, chronic mfectious arthntis) mcludes Mane Strumpell
spondyhitis, Stills disease and a combination of psorasis and
generahized progressive arthutis The term ‘mternuttent hydrar-
throsis refers to cases of unknown etiology 1n which joint effusions
recur with amazing regulanty at constant mtervals A sumlar
phenomenon oceurs i some pahents with defimte rheumatord
arthnibis, and 1t 15 probable that many patients with so called
idiopathie mtermittent hydrarthrosis are actually atypical cases
of rheumatord arthritis In the present senes, there are only 2
cases of internittent hydrarthrosis in which a diagnosis of rtheuma
toxd arthntis cannot be made with certamty Even these 2 cases
have chmcal and laboratory findings suggestive of rheumatord
arthntis, as, for example, an elevated erythroeyte sedinentation
rate n one and a progressive thickeming of synowial tissues of
both knees i the other The accuracy of the diagnosis m all
cases has been controlled as fully as possible by history, physieal

18
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destruction of tissue On microscopic examnation such fluds
were found to contun numerous cholesterol crystals

BACTERIOLOGY AND IMMUNOLOGY

Normnl synowiil fud 15 sterle Group I fluds are also stenle
The findings 1n cultures from Group II fluids vary with the
etiology of the disease

Cultures of fluid from 150 cases of rheumatoid arthnitis 1n this
senes were negative, even though cultured aerobrcally and under
10 per cent CO, on boiled blood ascitic agar and broth and on
blood agar plates and 1n anaerobic meat tubes Inoculations mto
chick embryos and mtrivenous, ntra articular and ntracerebral
mjections 1nto mice also gave negative results

Positwve synovial fluid cultures are essential 1n order to prove
the diagnosis of infectious arthritis In this seres, posttive cultures
were usually obtamned m the cases in which jont infection by
streptococcus, staphylococcus, pneumococcus or E  coli was
suspected

In flud from tuberculous arthntis, the presence of orgamsms
was proved by guinea p1g moculations m 21 of the 29 cases tested
Positive cultures for tubercle bacilli were obtained m 8 of 5 cases

Flwids from patients with meningococeal arthritis yielded pos:
tive cultures only within the first few days after the onset of
arthntis Although orgamsms were seen 1 the smears during
the subsequent few days, they did not grow on culture There-
after, no orgamsms were seen, and cultures, even from purulent
flwids, were negative Whether or not this was due to an altera-
tion of the orgamsm produced by the antibioties used to treat
the generalized meningococeal mfection 1s impossible to say Such
a possibility 1s suggested by the recently demonstrated changes
m th
wzsfoll;xzn of orgamisms produced by pemaillin and strepto

In many cases of probable gonococeal arthrihs and 1n 14 cases
of apparent specific infectious arthritis assoclated with purﬁl.;;t_
foc1 (such as empyema, pnenmoma, mastoiditss, pelvic abscess
and osteomyelitis) caused by B hemolytic Streptococcus, Staph-
ylococcus aureus or Pneumococcus, type 7 or 23, cultures were

negative Apparently the orgamisms reached the synovial tissues
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The amount obtamed 1n any one asprration 1n the present senes
vaned markedly, the mmmum and maximum bemng 01 cc and
240 cc In all cases, with the exception of a few m which special
studies were made, as much fluid as possible was withdrawn No
defimte correlation between the size of the effusion and the
etiology, seventy or duration of the joint disease was found In
acute effusions, the amount of flmd decreased, of course, as the
mflammation subsided Similarly, m the majonty of rheumatoid
patients recenving erther adrenocorticotrophic hormone or corti-
sone,” the volume of effusions decreased

GROSS APPEARANCE OF FLUID

Normal synovial flmd 1s clear, pale yellow and wviscous and
does not clot

The gross appearance of flmd 15 m 1tself of diagnostic sigméi-
cance In effusions from the types of jomnt disease mncluded n
Group 1, 1t 15 sumlar to that of normal fluid relatively clear, pale
yellow, fauly viscous and usually not clotting or forming only
small, friable clots In cases of traumatic arthntis or synovial tumor
1n which hemorrhage has occurred 1n the past, the flmds are red
or, if aspirated late, have a deeper yellow color due to pigments
from destroyed hemoglobm In 88 traumatic flnds Kling"s found
an average icteric mndex of 14 with a range from 8 to 133 Occa-
sionally globules of free fat are seen on the surface of fluids
obtamned from severe traumatic arthnitis The fat 1s released, ap-
parently, by mjury to penarticular tissues or bone marrow

Fluds of Group II, 1n contrast, are usually turbid and much
less viscous and the majonity of them coagulate, often forming
large firm clots The turbidity increases and viscosity decreases
roughly 1n propprtion to increasing seventy of the jomt disease
Fluds from severe cases frequently show moderate amounts of
debns, mncluding small shreds of fibnn and amorphous matenal
presumably resulting from cellular disintegration In 2 cases of
severe rheumatoid arthnbs of long duration the fluids were deep
orange and contamed free fat, large amounts of amorphous ma
teral and many flecks of fibnn, findings which mdicate marked

*We are mdebted to Armour Lak Armour and Company Chicago for
the adrenocorticotrophic hormone and to Merck and Company Ine Rahway New
Jersey for the cortisone used 1n these studies
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present senes, the Wassermann or gonococcal complement fixa-
tion test was positive 1n the jont flnd, even though it was negative
m the serum and m_ﬂu,nl_@unw“_p,__ﬂ%_uﬁmrmm
tme Such “false positive reactions n_the absence of listory,
sigos or symptoms compatible with syphilis or gonorthea may be
assumed to_be non specific and of no diagnostic significance
Sumlar unventfied false positive” reactions are given occasionally
by serum and other body Hwds and have been found by others 1n
synowvial flwmd 3 118

Further evidence that the synowial tissues are permeable to
antibodies was found 1 a case of baaillary dysentery wath jomt
mvolement m which the agglutinm titer 1 the flud to the Hiss
Y stram of Sh dysenterige was 1/180 compared wath 1/320 n
the blood Simlarly, 1n a case of Pneumococcus (type 23) mastoid-
1hs with associated arthntis, the agglutimin titers mm blood and
flmd were equal (positive 1n a didution of 1/16) Increasing
agglutinin titers 1n the flmd, corresponding to mncreases mn the
blood, were found also by Labor and von Balogh™® in arthrits
associated with bacillary dysentery Agglutnation titers for B
tularense of 1 1024 and 1 512 were found by Foshay and Mayer®
m fluds from an olecranon bursibis m a patient with tularenna
of 4 months duration The titer 1 the serum corresponding to
the latter flud was 1 640

Sumlarly, flud and blood had the same bactencidal activity
for hemolytic streptococer m 11 of 14 patients with vanous jownt
diseases studied by De Gara ° The activity aganst E coli was
alike m flud and blood 1n 8 of 15 cases In 40 fluds tested by
De Gara bactencidal actiity for hemolytic streptococar was
present 1n only 11 per cent (2 cases of theumatoid arthntis 1 of
non specific infections arthniis and 1 of mtermittent hydrar-

throsis), whereas bactencidal actvity for E colt was found 1m
87 per cent

CYTOLOGY
Leuhocytes
The total nucleated cell count of normal human flmd m our
senies varied from_13 to 180, with an average of 63 per cu mm
The average differential count 1s polymorphonuclears 6.5 per
cent, lymphocytes 24 6 per cent, monocytes 479 per cent, clas-
matocytes 101 per cent, unclassified phagocytes 49 per cent,
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m these cases, causing mflammation and effusion, but were not
These findings are 1n accord with the results of post mortem exam
mation of synovial tissue and synovial flwd from patients fom patients having
generahzed infechion without jomt _symptoms ** The synovial
tissues 1 such cases showed modcratg‘tmzuhdw‘lp”ﬂg_@ﬁtp_ry
changes consisting of penvascular and often diffuse nfiltration
with polymorphonuclear and mononuclear leukocvtes Occasion
ally, sharply defined acute nflammatory lesions were observed
with marked infiltration of polymorphonuclears and mononu-
clears fibon deposition, tissue necrosis and thrombosis of arters-
oles. The synowal flds showed corresponding mcreases m the
total leukocyte and polymorphonuclear counts, as was observed
mn sumlar cases by Labor and von Balogh 1*?

Changes 1n the membrane comparable to those desenbed above
are presumably the basis for the joint pains that oceur frequently
1 severe generahzed wnfections Apparently orgamsms enter the
synowial tissues 1 such infections, but the extent of the resulting
jomt mvolvement 15 determined by virulence and resistance and
may be merely an arthralgia or 4 defimte arthntis i which
orgamsms cannot be cultured from the flmd, or a truly purulent
arthntis

In normal synovial flmd Maunsell, Wngley, Highton and
Holt**™ found no anti-A or ant1 B 150 agglutimms or diphthena
mmune anhbodies However, four weeks after myecthon of diph
thena PTAP, n 2 normal control, the svnovial find titer was
15 umts per cc compared with a seram titer of more than 200
umts per ce In patients with jomnt diseases (rheumatord arthritis,
osteoarthntss, mfectious arthnts, termittent hydrarthrosis and
gout), the titers of anti A and B antibodies were approumately
the same mn flmd and serum Sumlarly after myection of PTAP
m a patient with ostecarthntss, the titers m fluid from both knees
(80 and 40 umts per cc ) were almost as high as those of the sera
{50 and 60 umts) "

Specific jomt mvolvement 1s not necessanly ndicated by the
complement fixation test It 1s usually posiive mn the flmd when
1t 15 postive m the serum Spink and Keefer,”” however mn a
senies of 70 cases reported 47 positive tests m 54 blood samples
compared with 21 positive m 85 jomt fluds Occeasionally mn the




Taste III Vanations 1 Cytology of Synovial Thud with Duration of Effu
sion

o Total
Durstion | ount  per._Leukocytes per centt
i

momber  Diagosis Joint  effusfon  cc  cu mm T M

1 Traumatic arthntis Rnee
th he h L 4wecks 80 4000 100 27 63
b hemarage Sweeks 12 600 0 67 33

r

2 Traumatic arthntis
with hemorthage 5days 20 750 19 48 33
8 Rheumatic fever

4 Rheumatic fever

5 Rheumatoid arthntis

6 Rheumatoid arthntis

7 Probable rheumatord

arthntis l4dhours 55 22600 76 24 ]
22 days 20 9000 61 33 8
8 Intermuttent

o Tl sl sl 2l 38 2l sl i 30wl ol 3 i ol af ol abi AN jadadal-—=b-F--T-Jalab S_) afof

hydrarthrosis 2days 120 1300 60 8 32
6 days 6 5250 0 50 42
9 Gonococcal arthnitis 2weeks 20 22000 82 8 10
8weeks 10 2000 54 21 25
10 Gonococcal arthritis 8 days 50 9000 72 20 8
10 days €0 1300 68 20 12
11 Gonococeal arthntis® lweek 60 41000 08 1 1
9 days 25 13200 98 2 0
2 weeks 2 1000 [} 79 15
12 Gonococcal arthnitis® Sdays 150 22300 54 46 0
Iweek 85 16000 91 8 3
2weeks 60 29100 86 14 [
5 weeks 12 200 2 98 0
Gweekst 10 18800 68 32 [}
18 Gonocoeeal arthnitis® 8days 100 25000 98 2 0
18 days 40 17900 58 42 0
32 days 18 4 800 52 48 0
14 Staphylococcal arthntis 5 days 5 151500 89 2 9
8 days 10 90000 88 3 9
9 days 10 81500 a7 1 2

15 Infections arthntis
(negative culture) 2 days a5 20000 98 0 2
4 days 1 17500 75 15 10
168 Meningococeal arthritis 2 days 60 289 000 97 0 8
4 days 18 14600 98 0 2

1P == pol; L =1 M= h
Treated with sulfanilamide

{Exacerbation of jomt symptoms

Seo also Figure 5 and Figure 8

(Table 1UI cont nued on p 28)
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synovial cells 48 per cent Similar nucleated cell counts were
reported by Labor and von Balogh'** (10 to 20 cells per cu
mm ), McEwen*?® (125 to 200 cells per cu mm ) and Kimg"
(10 to 50 cells per cu mm ) Davies®® found a range of celt
caunts from 80 to 481 1n 7 normal human fluds It 1s of mterest
that his studies in flmds from animals® revealed lower cell counts
m the joimnts of the extremuttes than n those of the head and neck

Variabions 1n cytology 1n joint effusions are related not only to
the type of jomt disease but also to 1ts seventy and duration By
means of the total Jeuhocy te and absolute polymorphonuclear cell
counts, Group II fluids can be differentiated from those of Group
I m almost all cases (Figures 5 and 6 and the chart at the back
of the book) As shown by I'igure 5, the total count was below
3,000 m 133 of 142 Group I fluids and above 3,000 m 363 of 403
Group II fluids Simlarly, the absolute polymorphonuclear count
was below 500 1n Group 1 flmds and above 500 i Group 11 flmds
{Figure 6)

Dafferentation within exther Group 1 or Group 11 cannot usually
be made on the basis of cytological findings alone because of
their vanation with the seventy of the disease and the duration
of the effusion The cell counts of individual flusds 1 esther group
do, however, occasionally axd wn differential diagnomis For ex-
ample, neurcarthropathy, rather than traumatic arthribs, 15 sug
gosted by a flmd with a low total leuhocyte count but 40 to 50
per cent of polymorphonuclears Likewsse, 4 total leuhocyte commt
under 3,000 with few or no polymorphonuclears 1s more com
patible with disseminated lupus than with rhenmatoid arthntbs
and accords wath the findings m blood and other body flmds n
lupus Sumlarly total leukoeyte counts above 100,000 have been
Jfound only 1 1nfectious arthntdes

The correlition of cviological findings with the seventy of
the inflammation 1n the mvolved jomnts was well demonstrated 1n
the 5 cases of gonacoceal arthntis m which aspirations of jomnts
were performed at antenvals dunng mmprovement (Table III)
In Case 11, for example, the counts fell steadily from 41,000 per
cu mm with 98 per cent polymorphonuclears to 1,000 with 6
per cent polymorphonuclears after 2 weeks The changes m

oSince this stady was completed 1 Swid with a leubocyte connt of 116 200 has
been obtamed from a patient with theumatord arthnts
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Tapee IV Comparison of © Fluids with Posive Cultures and 83 Fluids
with Negative Cultures i Gonococcal Arthntis

Negative culture Positive culture
Munb Avensge B Average

Total leukocy te count,

oceﬂsc:e?qcm mm 1535 108000* 14070 31500 290000 108530

h honucl "
Pog:ogn:nuc e 2 38 85 80 99 95
Sugar

rig per 100 cc 49 118 83 0 63 29
Relative viscosity

at25 C 3 19 12 4
Total protein

gm p;er 100 cc 43 89 538 53 60 58
Globulin,

gm per 100 ec 13 31 20 22 27 25
Mucin mitrogen

gm per 100 cc 018 158 084 0 o077 041

*Patient had been recewving rulfanilamide before the fiuid was cultared
$Value determned in only 1 fuid.

In rheumatoid arthnbis 1t 15 frequently impossible to evaluate
the degree of joint mflammation 1n any one joint, and as a result
correlation of the cytological findings with the seventy of the
disease process 1 the jomts 1s difficult There 1s hittle evidence
of any vanaton with seventy when cell counts are compared
with estimates of the seventy of the disease as a whole 1n 1ndi-
vidual patients (see Table VII) A possible relationship between
cytology and the estimated seventy of the process mn individual
jonts has, however, been indicated 1n some cases These patients
have been followed for several years after the mitial aspiration,
and the course of the disease 1n the aspirated joint has been used
as indication of the seventy in that jont at the ime 1t was tapped
It appears from the cases thus studied that the height of the total
leukocyte and absolute polymorphonuclear counts early m the

isease may correspond to the seventy of the jont mvolvement
and Tidicate, To some extent, the prognosis For example, two of
the Tughest flnd counts m the senes (66,000 and 40,000 cells per
cu mm ) were from knees which have since become progressively

worse, with increasing thickenmg of penarticular tissues and
narrowimng of the jomnt spaces Fluid aspirated 5 years after the
anutal yomnt tap was very turbid and contamed free fat and
cholesterol crystals, both indicative of marked tissue destraction
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Taper III Vanatons in Cytology of Synowvial Fld with Duration of Effu
sion {continued)

Duration Total
Case of Amount,  per Leukocytes per cent{
number  Duagnosis Joint effusion c¢  oumm P L A

168 Memingococeal arthnitis hnee

{ continued) R 13days 20 54400 95 0 5
R 20days 15 46000 85 3 2
R 25days 2 21850 87 8 5
L 68days 20 36600 80 2 2
L 8days 7 61260 99 0 1
L 10days 4 49800 95 3 2
17 Meningococealarthntis R I0hours 10 159600 98 1 1
R 80hours 65 76500 23 0 7
R 2days 45 38950 95 1 1
R B8days 60 25750 99 1 0
R 15days 82 24000 96 1 3
R 19days 12 8800 77 9 M
R 21days 4 5850 8 19 18
18 Memngococeal Elbow
arthnhs I 1day 23 91000 08
L  Bdays 8 124500 97 [ g
L 8das 20 50800 68 0 2
L 15days 2 53500 95 3 2
L 16days 6 38050 84 9 7
R lday 10 81000 98
R 6 days 25 124000 99 [ 1
R i2days 8 85400 84 2 14
R 17davs 4 23600 82 4 14
Rnee
L 1day 28 B7000 98
L 4 days 50 47500 98 0 4
19 Reiters syndrome Knee
L 4days 70 44300 89 110
L 18days 12 11250 82 0 8
L 9weeks 11 14950 80 [ 10
L 12weeks 4 2250 22 2 71
20 Reter s syndrome L 3 days 70 20700 84 9 7
L 4weeks 80 25000 5 16 9
L Sweeks 10 8200 58 10 34

cytology mdicated a steady decrease m the inflammation of the
svnovial tissues and paralleled the climical improvement as mam
fested by gradual subsidence of redness, tenderness pan and
swelling (Some of the patients recewved only symptomatic treat-
ment, whie others were given sulfamlamide ) The nfluence of
the seventy of the jomnt mvolvement on cytological findings 1s
apparent also i the marked difference between the counts m
sterile fuds from gonococeal arthntis averaging 14 070 per cu
mm and those m the flmds with posiive cultures averaging
106,530 per cu mm (see Table IV)
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VARIATIONS WITHI DISEASE a3
to Duration of Dffusion (Rheumatord Arthnus)

Mueln Mucls
Globulin Relative nitrogen glucosamine “Typeof
gm per 100 cc viscosity gm_per gm per mucin
Flid Serum asy C 100 cc 100 cc precipitate
12 8 23 (8) 43 (7)) 010 (1) 038 ( 5) VP (9)
1 8( ) 31 99 040 042 ~ P
23 34 276 Q97 034 G
4 26 4) 186 (2) 02 (17) 038 _( 8) VP {5)
! 31 9( ! 3 1( 190 079 058 P
33 38 198 131 078 ¥
2 (15) 23 (11) o8 (19) 005 (%) 006 (5) VP (15)
! 1 9( ! 3 0( 71 031 020 Y
30 38 133 134 035 F
18 (38) 28 (8) 63 (2) 028 (14) o018 (6) VP (4)
1 9( ! 33 262 68 041 P
20 35 46 130 067 G
13 (18) 80 (18) 87 (21) 032 (82) 008 (14) VP _(20)
27 37 145 068 43 F
88 68 43 137 081 1Y

“The type of precipitate 15 expressed 1 symbols having the following significance VP=few of no flecks in
& clopdy solution P-=small fniable masses in a clondy solytion F~=soft mass m a clear or shightly cloudy
solution G—tight 10y clump 1 & clear solution. (See Figure 13 )

Companson of the cytological findings 1 individual rheumatoid
effustons of varymg duration gives no evidence of 2 relationship
between the total leukocyte and polymorphonuclear counts and
the duration of the effusion (Table V) nor do the seres of leuko-
cyte counts on fimds from a patient whose knees were aspirated
24 times 1n the course of 16 months (Table VI) Probably the
cytological fndings m these and m other chrome effusions are
more influenced by temporary vanations m the seventy of the
There 15, however a relationshup between cytological findings
and durafion of Rusion 1 the sénes oF Huids obtamed datly from
fﬁwe—d theumatoid arthntis who had bilateral
1ntermittent knee effusions recurning at constant mtervals The
¢TusTons Tesembled Wiose of idiopathic miermittent hydrarthrosts
and appeared and disappeared 1n regular cycles with 6 days be-
tween the peaks (see Figure 7) In these effusions the total leu-
l;;cyte C(::Iunt and percentage of polymorphonuclears rose durmng

e penad ot fncretsing inflammation and then decréased Tapidly
dunng subsidence As the polymorphonuclears dlsappezﬁa%




32 SINOVIAL FLUID CHANGES
TasLE V Relation of Cytological and Chemical Findings 1n Synowal Flind and Serum

Protein

Duration Total Polymorpho Sugar (exclunive of muem)
of lenkocytes nuclears mg per 100 cc gm per 100 cc
effusion Clot per cu mm per cent Fluid Serum Fluid Serum
Upt 0 (18) 1100 (20) 2 (19) 24 (12) 60 (12) 36 (16) 65 (14)

1 P °k 15 9,210 58 76 93 49 74
wee 4 42700 92 132 125 58 82

1 weel 0 (17) 450 (22) 0 (22) 61 (17) 84 (12) 30 (19) 61 (i3)

to 13 13130 68 80 96 46 74

6 weeks 3 51 600 95 102 125 61 87

6weeks 0 (86) 2020 (38) 5 (38) 27 (28) 78 (23) 383 (27) 70 (19)
to 12 15060 62 66 98 47 75

6 months 3 62 200 91 118 129 62 87
6months 0 (11) 2500 (18) 8 (16) O (14) 75 (11) 41 (14) 66 (9)
to 14 12,400 73 63 93 47 73
1year 3 38850 98 100 108 61 83
0 (34) 610 (54) 3 (51) O (32) 68 (28) 86 (34) 68 (22)
lyear+ 05 16,775 66 58 91 52 79
3 66 000 94 102 116 89 101

The sigmficance of the figures m each division is indicated in the followmg diagram

Munfmum (Namber of
Fluids)

Average

Maximum

In contrast, one of the lowest counts n the series was m knee
flnd from a patient who has since developed spondyhtis but has
had no evidence of inflammation 1n his knee for the past 10 years
However, there are many exceptions to this apparent relationship
and further study 1s necessary to determine how closely the
cytological findings correspond to the seventy m rheumatoid
arthnifis

The response of the flid eytology to administration of adreno
corticotrophic hormone or of cortisone gives further suggestion
of a relationship with seventy of tissue inflammation Either the
total leuhocyte count or the percentage of polymorphonuclears
fell m almost all cases, the greatest decreases bemg from 30,800
cells per cu mm with 16 per cent polymorphonuclears to 150
cells with no polymorphonuclears and from 15,750 to 100 cells
with 76 and 4 per cent polymorphonuclears respectively
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Tasre VI Total Leukocyte and Polymorphonuclear Counts n 24 Fluds
Aspirated from knees of 2 Patient with Rheumatoid Arthnts
Over the Course of 18 Months

Leukocytes Polymorphonuclears
per cu mm per cent
Date Left Right Left Raght

12/30/87 12100 9100 80 89

1/11/88 25 000 94

1/20/38 8000 ki

1/21/88 8,200 87

1/25/38 12 100 84
2/ 5/38 18 400

2/11/38 16 100

2/14/38 14 800 72

2/18/38 17 800 78

2/26/38 15800 88

8/ 1/38 13 400 72

8/ 9/88 27200 86

8/10/38 13 500 7

8/24/38 19000 90

4/ 1/38 80

4/12/38 9600

4/22/38 9300 75

4/24/38 21000 86
11/30/88 10 100 45

12/ 8/38 15500 51
12/ 1/38 11 500 63

4/ /39 16 500 90

4/ 8/39 25 800 88

4/10/39 11 400

monocytes and _clasmatocytes ncreased, while the absolute
r of I ocytes rem: imately constant 1he
cytological vanations that are related to the duration of the
effusion are due essentially to changes 1n the degree of inflam-
mation 1 the synovial membrane and give, therefore, further
dication of the correlation with severity
A simlar mise 1n percentage and absolute number of polymor-
phonuclears during increasing synovial inflammation and a subse-
uent replacement by monocytes and clasmatocytes and eventual
mwtes was found in other types
of jomt disease (see Table III) This sequence of changes oc-
curred most rapidly and was most marked in rheumatic fever
1t has been observed m this laboratory 1 2 cases of traumatic
arthriis with hemorrhage, 1 2 cases of rheumatic fever m
3 cases of rheumatoid arthriis m 1 case of probable rheuma-
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toid arthnbis, 1n 2 cases of Reiters syndrome, m 5 cases of
gonococcal arthnbs, and 1 1 case of specific infectious arthntis
with negatine culture In meningococeal arthntis, the cytologt
cal changes during decreasmng inflammation are sumlar m type
but less marked and take place much more slowly than m
gonococcal arthntis Similar cytological response was noted m 1
effusion 1n a case of 1diopathic intermittent hydrarthrosis (Table
IIT) In 2 other effusions 1n mtermittent hydrarthrosis (1 m the
above patient), there was no defimte mitial polymorphonuclear
response, but the usual rise 1n monocytes occurred as the effusion
mereased (Tigure 8) Krummel¥ m 1 case of imntermittent
hydrarthrosis, found an mcrease i polymorphonuclears and
monocytes with increasing effusion and a nse m lymphocy tes with
subsiding effusion It 1s apparent that the polymorphonuclear
nse 15 not always detectable m intermittent hydrarthrosis, but
there 1s always a response of mononuclear phagocytes
The nitial rapid nse 1 polymorphonuclears and subsequent

replacement by mononuclear phagocytes and eventually by
lymphocytes found 1n so many types of jomt disease 1s the same
2s the cytological reaction produced by the myection of nommal
saline nto a rabbits knee joint 23 Apg:_xr_'(mtlx_guchmdd____lr_ﬂm_
produces sufficient change 1n the subsynowial capillanes to allow
for an immediate ntra articular migration of polymorphonuclear
Teahocytes, whereas the mononuclear phagoeytes arsmg Fom the
wwaLUSs‘ue and tissue Hwds are much slower to respond '**
Further evidence that this cytological picture represents the usual
reaction of synovial tissue to intation 1s obtamned from reports by
other 1nvestigators® 6 103 112 119 183 of 3 npredominance of poly-
_morphonuclears 1 scute effusions of yanous types_and 2 pre-
ponderance of lymphocytes 1 chromc jomt conditions with less
acute inflammation The magmtude of the cellular response
varies with the degree of tissue unitation but the pattern appar-
ently 1s sumilar 1n all cases and represents the fundamental cyto-
Jogreal reaction to nflammation which was first descnbed by
Borrel,”® Durham® and Beattie * Menkin and Warner'® con
cluded from the results of studies of inflammatory reactions
produced i the pleural cavities of dogs, that this cytologcal
sequence 15 conditioned by the local pH of the inflamed area,




VARIATIONS WITH DISEASE 39

PROTEIN
In normal human flud, the total protem content (exclusive
of mucin) vaned 1 our seres from 107 to 213 gm per 100 cc
Most of this protem 1s albumin The albummn/globulin ratio in
the only normal flud analyzed was 204" Sumilar values for
total protemn were found by Fisher® (16 per cent) and Homnye™
(045 to 315 per cent)
The concentration of total proten 1n joint effusions vares
markedly and shows sigmsficant relationships with the type of
jomnt disease and the duration and seventy of the process Group
I fluds, n general, have concentrations two to three times higher
than normal but lower than those of Group II fluds, the maxmum
in Group I bemg 55 gm per 100 cc (Figure 9 and the chart at
the back of the book) Fluids from cases of osteochondromatosis
and lupus erythematosus disseminatus have lower protemn con-
tents than any other pathological fluids, contaimng only shightly
more than normal fluds (averaging 22 and 25 gm per 100 cc )
Shghtly hugher values are found 1n fluds from degenerative jomnt
disease, hypertrophic pulmonary osteoarthropathy, osteochon-
dritis dissecans, Charcot joints, rheumatic fever, traumatic ar-
thntis (including derangement of the semilunar cartilage)
tumors and gout Traumatic effusions that are hemorrhagic and
those of over 8 months duration show a shghtly hugher average
protem content than other traumatic fluds The effusions of
hemophihac arthntis, which resemble Group I fluds n most
respects contan much more protein Fluids of Group II have
a higher average concentration of total protem (49 gm per 100
cc) Vanatons are more marked m rheumatoid flnds than
any other group with a2 mmmmum of 27 gm per 100 cc, a con-
centration typical of flmds of Group I and a maximum of 889
the highest protemn concentration found m any fluid of any kind
Analysis of these vanations 1n theumatoid cases shows that there
1 aiﬂ‘k‘m’wﬁ_w_n_m_.*mmm”@gs_e
and 1ts duration and with duration of the effusion_In fhis senes
the differences between the average protemn contents of effusions
from severe {52 gm per 100 cc ) moderate (50 gm ) and mild
cases (46 gm ) were statstically sigmficant at the 5 per cent
level (Table VII) Sumilarly, the flmd protein concentration n-
creased shightly with duration of the disease (Table VIII) and
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polymorphonuclear cells predominating when the exudate 1s more
alkaline than pH 70

Eosmnophils, which are not found 1n normal flnd, were found
mn only 13 fluds 1n the present senes, and in alf but 2 cases were
present in a concentration of only 1 per cent In all but 3 of these
cases the fluids contamned blood, 8 of the patients having hemo
phiha, 4, traumatic arthnbs with hemorrhage, 1, hemorrhagic
villous synovitis, 1, rtheumatic fever, 1, neuroarthropathy, 1, trau
matg arthntss, and 2, rheumatord arthntis o

Erythrocytes

Erythrocytes are not normal constituents of synovial fwmd '™
They may be noted n varying numbers i pathological effusions
but are usually not of diagnostic significance How ever, aspiration
of hemorrhagic lord 1 the absence of @ history of recent severe
trauma or hemophsha would suggest the presence of a tumor of
the type classified as vanthomatous gant cell tumor or hemor-
rhagic villous synovitis or possibly a Charcot jomt

In summary, 1t can be concluded that an effusion mn wiich the
leukoeyte count 15 above 5,000 per cu mm or the absolute poly-
morphonuclear count above 500 per cu_mm 15 probably not rag
counts nse with increasmg seventy of synovial tissue inflamma
tion and can be used as mdications of the course of the synovitls

m acute effusions especially in Tnfed ‘(Tu?“dﬂhntls]

SPECIFIC GRAVITY AND TOTAL SOLIDS

The content of total sohds m normal human flud 1n our senes
ranged from 240 to 483 gm per 100 gm, with an average of
341 gm The normal specific gravity has not been determmed
In fluds obtamed from patients with edema, 1t ranged from
1008 to 1012 Horye® reported total sohds of 120 to 390 per
cent and spectfic gravities ranging from 1 008 to 1 015 for normal
human fluids obtamed post mortem The figure given by Fisher®
for total sohds 1s shightly higher (44 per cent)

The specific gravity and content of total sohds 1 fluids of Group
1 are much higher than those of normal fliud but tend to be shghtly
lower than those of Group II fluds This 15 1n accord with the
difference m protem content which will be discussed later
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to Seventy of Disease (Rheumatoid Arthritis)

Globulin Relative Mucin Mucin Typo of
gm_per 100 ec viscosity nitrogen glucosamine mucin
Flaid Serum 238 C gm per 100 ec  gm per 100 cc precipitate
16 (17) 20 {84) 39 (19) 007 (41) 028 (9) VP (20)
18 27 121 073 046 P
28 34 28 186 072 G
12 {84) 20 (8) 34 (28) 005 (67) 022 (13) VP (26)
28 31 135 060 037 F
47 51 46 137 081 G
08 (7)) 24 (4) 85 (8 010 (17) 008 (7) VP (7
28 37 71 061 038 VP
88 71 97 131 025 F

“The type of precipitate s expressed in symbols having tho following significance VP=few or no flecks fn
a cloudy solution Pessmall fnable masses in a cloudy solution Fa=soft mass in & clear or siightly cloudy
solution G-tight ropy clump in & clear solution (See Figure 13 )

Serum to Duration of Disease {Rheumatord Arthritis)

Globul Relative Mucin Mucin Type of
gm_per 100 cc visconity nutrogen glucosammne mucm
Flud Serum at 88 C gm per 100 cc  gm per 100 co precipitate
12 (4) 28 (7) (1) 050 (10) P (2)
14 28 55 087 ¥
15 85 131 F
10 (18) 20 (28) 35 (14) 007 (28) 008 ( 5) VP (17)
19 28 90 051 025 P
25 46 28 184 036 G
18 (19) 24 (38) 28 (19) 005 (51) 022 (9) VP (17)
26 34 136 063 048 ¥
45 56 48 130 081 G
08 (18) 20 (57) 84 (16) 008 (28) 008 (12) VP (15)
23 82 129 071 0. F
68 68 43 137 076 G

The type of precipitate is expressed in symbols having the following significance VP—=few or no flecks in

& cloudy soluton  P=small

frable masses m a cloudy solution
solution Ga=tight, Topy clump in a clear solution (See Figure 13 )

F==soft mass in a clear or slightly cloudy



Tasre VII Relation of Cytol 1 and Ch 1 Findings 1n Synovial Fluid and Serum
Protein
Total Folymorpho Sugar {exclusive of mucta)
Jeukocytes nuclean mg_per 100 cc em_per 100 cc
Severity per cu mm per cent Fluid Serum Fluid Serum
450 {62} 0 (59) 24 (85) 60 (32) 35 (42) 65 (58)
Mid 13,420 55 80 88 46 74
52 800 66 126 129 80 83
810 (101) 8 (85) G (67) 58 (48) 88 (71) 48 (120)
Moderate 15620 68 60 a3 50 15
66 000 96 132 121 70 92
1750 (28) 44 {26) ¢ {18y 75 (24) 27 (17) 59 (59
Severe 18,380 6 56 93 52 16
62 200 92 101 106 89 104

‘The signuicance of the figures in each division is indicated in the following disgram

Minimum (Number of
Flulds)
Average
Maximum

Taste VI Rel of Cy 1 and Cl { Findings 1 Synowial Flud and

X th;n cin

S T
e Tty o ;e pet 100 e o peri06 e

disense Clot per e mm per cent Flad Seram Fluid Serum
1{8) 3200 (14) 86 (14) 24 (8] 80 ( 6) 80 (11) 61 (11}

gsv:gh 2 17,114 % 73 91 45 7%
3 45 000 85 101 100 51 80
Gweeks 0 (32) 1100 (41) 8 (88) 9 (28) 60 (28) 85 (30) 62 (36)

1o 1 17,252 65 70 95 49 15
1year 8 62 200 96 116 129 58 86
Tyear O (60) 450 (71} 0 (68) O (40) 638 (28) 86 (53) 59 (60)

to 08 17,005 [ 53 94 48 76
5years 86 102 121 88 92
0 {39) 610 (49) 8 (48) O {38) 75 (28) 27 (30) 48 (87)

Syears+ 11 12798 63 kil 94 50 78
3 43 800 85 1382 125 89 101

The sigmifeance of the Sgures in each division 1s indicated fn the following diagram

Minimum, (Number of
Flwds)
Avevago

Maxtmum
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with duration of effusion (Table V) The vanations may actually
all be related to varymg seventy, since the cases of longest dura
tion of effusion or disease were i general the more severe cases

The protein concentration n a chronic effusion 1n rheumatod
arthntis may reman at essentrally the same level over a penod
of months or years In one patient 1n whom 24 aspirations were
made 1 16 months, the total vanation 1n protemn concentration
was from 36 to 44 gm per 100 cc, with the exception of one
value of 49 gm obtamed 2 days after the knee had been 1m
gated with 09 per cent saline solution Fluids from 4 consecu
twve taps in 1 month contained 39,38, 39 and 38 gm of proten
per 100 cc Several months after the above series of aspirations,
the knee effusion disappeared entirely for 2 years but recurred
when the patient had a generalized exacerbation of her arthntis
It 15 of interest that the fluid at the time of the exacerbation had
essentilly the same content of protemn as the onginal effusion,
40 gm per 100 cc Simlar constancy of protein concentration m
rheumatord effusions of long duration has been seen in several
other patients 1 whom repeated jomnt aspirations were made

In rheumatoid patients with intermittent effusions, on the other
hand, fluctuations m the flmd protemn concentration occurred, cor-
responding apparently with vaniations m the mflammatory reac
tion 1n the synovial tissues This was apparent m the patient de
scribed above who had bilateral knee effusions 1n regular cycles
with peaks 6 days apart (Table IX) The unit concentration was
greatest when the effusion first reappeared or was disappeanng
‘With ncreasing effusion the concentration decreased, suggesting
that the entering hqud was shghtly lower i protemn than the
fhud present in the joint With loss of flurd the protem concentra
‘ion increased The contias inp hindings in the case of mucin are
significant” The umit mucin concentrahion rose with ncreasing
effusion, suggesting that the entering flwd carried a relatively
hmmg;mecreasmg concentration of
mucm as the effusion subsided would suggest that no new mucin
was entermg as the flud was leaving and that the mucin present
1 the joint was being destroyed or removed

The total globulin fraction shows a greater correlation with
etiology, seventy and duration of the disease and duration of the
effusion than the total protein or the albumin fraction In general,
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creasmg duration of disease and duration of effusion 15 apparent
from Tables V and VIII and 15 probably related fundimentally
to increased sevenity, as has been discussed rbove The highest
globulin concentrations 1n this seres occurred 1n effusions of over
1 years duration 1n patients with severe rheumatoid arthntis
The maximal globulin concentration m any other type of flud
was 30 gm per 100 cc, while 6 of 48 rheumatoid fluids showed
concentrations above 80 gm, 1 bemg 677 gm per 100 cc Of
the 6 effusions with high globulin content, 5 were of over 1 years
duration and represented 28 per cent of the 18 effusions of long
duration that were analyzed In contrast, only 1 of 30 effusions
of less than 1 years duration (8 per cent) contained over 3 gm
of globulin per 100 ce It 15 of mterest that the 1 effusion of short
duration with hugh globuhin content occurred 1n a knee which had
first been swollen and painful 2 years previously but had appar-
ently been symptom free until 9 or 10 months before aspiration
A similar, though less marked, mcrease in globulin with per-
sistence of effusion was found 1n traumatic effusions The average
globulin concentration 1 these fluds of less than 8 months
duration was 080 gm per 100 cc, mn contrast to 170 gm 1n the
1 effusion of over 1 years duration The corresponding albumin/
globulin ratios were 4 85 and 3 26

The chief factor determiming the levels of albumin arnd globulin
m jomt effusions appears to be the degree of permeability of the
synovial tissues There 15 no consistent relationship between the
relative concentrations of these protemns m fhud and 1n serum
In mild mflammation, the flmd protein tends to remam low
(averaging 35 gm per 100 cc ) and the albumn/globuln ratio
1s ngh (above 20) With greater mflammation as mn the majonty
of theumatoid jomts, the permeability 1s increased so that the
flwd protemn concentration nises and the ratio of albumn to globu-
Lin decreases, approaching that of the serum If effusions 1n rheu-
matowd arthritis persist for months or years the total protem
content nses only shightly but the albumin/globulin ratio de-
creases markedly The flmd globulin concentrahon becomes
approximately the same as that of the blood, while the fluid
albumin remams only two thurds as high as the serum albumin
Such high globulin concentrations suggest that the prolonged
severe inflammation has led to changes 1 the tissues that make
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flmds with relatively low total protemn concentrations, such as
traumatic effusions, have low globulin concentrations with albu
min/globulin ratios ranging from 2 010 8 0_Apparently the relative
mnpermeability of normal synovial tissues to globulin as compared
with_albumn 15 mamtamned cven 1n the presence of the shghtly
wncreased permeabibty resulting from mild flammatiop Further
vidence of this differential permeahity to mdwvidual protem
fractions 15 found 1n the electrophoretic patterns of synovial flud
from traumatic arthntis In the 7 cases studied 1n this laboratory,
the alburmin was always ngher 1n the Swd than m the serum,
alpha-1 and beta-globulins were essenbially the same m both
and alpha 2 and gamma globulins were lower m the flmd®
Schurch, Violler and Sullmann'™ reported that the albumsn/
globulin ratios 1n traumatic finds were the same as those of the
corresponding sera but the concentration of alpha-2 globulin was
lower mn flud than m serum Olhagen'™* found the relatve
distnbution of protemns i fraumahe flmds about the same as o
the plasma with shghtly higher concentrations of albumm and
gamma-globulin n the fluid With more severe mflammation, and
consequently gher flmd protein concentrations, as m the ma
jonty of Group I flwids, the proportion of globulin in the entenng
protemn mcreases, with the result that the albumin/globulmn rato
falls below 2 0, occasionally below that of the serum Thus ss explic-
able by the fact that the differential permeability to albumm and
globubin does not persist when the membrane becomes easily per
meable to protemns The loss of differential permeability 15 apparent
m the electrophoretic patterns, which usually show essentully
equal concentrations of albumm and gamma globuln in the flud
and serum The concentration of alpha 2 globulin remans lower

m the flud than in the serum
The relationship between the fuid globulin concentration and
the seventy of the jomt mnvolvement was apparent m effusions
from gonococcal arthntis Fluds from which positive cultures
were obtamed had an average globubn content of 25 gm per
100 cc in contrast to 20 gm 1n those with negative cultures
(Table IV) In rheumatord effusions, also, mereased globulin
concentration was one of the most consistent evidences of greater

seventy of the yomt disease (Table VIT)

A tendency toward increasing globulm concentration with in
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This increase 1n serum protein n theumatord arthntis 1s chiefly
1n the globulin fraction, which tends to nse steadily with duration
of disease Only 12 of 33 cases of less than 1 years duration had
globulin contents over 300 gm per 100 cc 1 contrast to 39 of
57 cases of over 5 years' duration {Table VIII) Greater seventy of
the disease lso tends to cause a higher level of globulin in the
serum (Table VII) The average concentration in 34 mild cases
was 27 gm per 100 ce compared with an average of 37 gm 1n
41 severe cases The average globuln fraction 1n the 163 cases of
rtheumatord arthntis 1n which it was determined was 32 gm per
100 ce with a2 mavmum of 7 10 and a mummum of 20 gm

Similar 1ncreases n serum total protem and globulin concen-
trations with 1ncreasing seventy of rheumatoid arthntis have
been found by other investigators The average globulin concen-
tration 1 mld cases 1 Dawis s*® senes was 28 gm per 100 cc
compared with 39 gm 1 severe cases Scull, Bach and Pember-
ton'™ found that the globulin concentration was above 32 gm
per 100 cc 1n 4 of 27 moderately severe cases mn contrast to 80 of
48 severe cases Davison, Woolley and Donovan*® reported a
range of globulin concentrations from 04 to 29 gm per 100 cc
n 8 chimeally mactive cases as compared with a range from 03
to 5 11n 43 active cases Walhs °* also found a correlation between
the globulin content of serum and the actvity and extent of
disease the globuln being above 80 gm 1n 11 of 19 cases with
widespread mvolvement m contrast to 1 of 11 with shght or
moderate mvolvement

Electrophoretic patterns of plasma or serum from patients with
theumatoid arthritis have shown that elevation of the concen-
tration of globulin frachons and lowernng of the albumm con-
centration have been assoctated consistently with actiwity of the
disease With few exceptions both the alpha- and gamma globulin
components have been mcreased mn most series 52 123 127 140 11
4 M8 105 196 204 Apparently the first change 15 an merease 1 the
alpha globulins, which may or may not persist, with a subsequent
tise n the gamma globulm A decrease 1 albumimn and an m-
crease m alpha- or gamma-globulins were found 1n all but § of

86 cases '™ This group included many early and mild cases 1n

which no alteration of albumin/globuhn
e o alteratuy /gl Tatwo was detectable by
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the removal of globulin (which 15 known to take place by way of
the lymphatics'®) even more difficult than 1t 1s normally
The electrophoretic patterns of synovial fluds corroborate the

fact that the globuln fractions mncrease with greater seventy of
wflammation ** In traumatic effusions, as stated above, the albu
min 1s always higher 1n the fluid than n the seram and the globulm
fractions are the same or lower in the flurd In 7 rheumatod
patients with early or mild mvolvement of the jomt, 1 patient
with gout, 1 with rheumatic fever, 1 with hvpertrophie pulmonary
osteoarthropathy and 2 with Reters syndrome, the electropho

retie pattern of the fluid resembled that of traumatic flmds The
differences between the flnd and serum albumin levels, however,
were not so great In cases of rheumatoid arthntis with greater
severity of mflammation, the patterns showed the albumin con

centration equal in the flmd and serum or lower i the flnd, and
the gamma globulin higher 1n the flmd than in the serum®
Schurch, Viollier and Sullmann' found similar changes mn 1
patient with theumatowd arthnitis and 1 with tuberculous arthntis,
and Olhagen* reported remarhably high concentrations of
gamm-globulin m rheumatoid fluds

The protemn concentration of the serum of patients with rheuma-

toid arthritis mereases with duration of disease but, as mentioned
above, there 1s no exact correlation between protemn changes in
serum and flud In the 172 patients studied in this laboratory, the
protemn concentration averiged 750 gm per 100 cc The mummal
and maxumal figures were 4 83 and 101 gm , but the majornty of
the values fell between 65 and 80 gm per 100 cc, correspondmg
1 general with those found by other workers ® 4 49 166 110 397 [he
average concentrahon i rheumatoid arthntis of less than 1 years
duration was 73 gm per 100 cc 1n contrast to an average of
76 gm 1 cases of over 1 years duration (Table VIII) Analysis
of the mdivnidual figures shows that only 4 of 47 cases (85 per
cent) of less than I years duration had total protemns above 8 00
gm, while a sigmficantly greater per cent, 82 of 127 cases (25
per cent), of more than 1 years duration were above 800 gm,
1 bemng 101 gm A sunilar mcrease m serum protem with greater
seventy of disease was apparent The average concentration m
mild cases was 74 gm per 100 cc, compared with 76 gm m
severe cases
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tion In many fluds from Group I, however, numerous small
fecks of Abrin were present i the flud when 1t was withdrawn

MUCIN AND VISCOSITY

The average concentration of mucin mn normal human flmd
10 our series 1s 0104 gm mitrogen per 100 cc with a vanation
from 0068 to 0135 gm mitrogen *™ Fisher® found 195 per cent
of mucm, and Achard and Piettre® reported a concentration of
57 per cent The mucin-glucosarmne concentration mn our series
vaned from 050 to 182 gm per 100 cc, with an average of 087
Ragan and Meyer™ found concentrations of hyalurome acid
varying from 0 04 to 0 33 mg per cc The average relative viscosity
of the flind 1 our senes 1s 235 at 38° C, with a range from 57 to
1,160 Schnerder'™ reported similar vanation, from 89 to 1,490,
Kling™ found viscosities of 107 and 20 m 2 normal fluids, and
Ragan and Meyer'® reported viscosities from 2 8 to 575 Marhed
variations from one joint to another have been found by Pamzza®
and Davies* 1n animals

Changes m the concentration of muem m jont disease are
related to the type, seventy and duration of the disease and the
duration of the effusion In general, 1t may be said that the muemn
content 15 Jow 1n fluds m which other signs of marked inflamma-
tion are present, namely, turbidity, ligh total leukocyte and
polymorphonuclear counts, ugh total proten, high globulin and
lowered sugar concentrations

The mucin concentration m synovial flmd varies m different
jomt diseases (Figure 11) In traumatic flmds, 1t tends to be the
same per cubic centimeter as that of normal fluid 1n spite of a
five to twenty five fold mcrease mn the volume of flmd 1n the
jomt It 35 interesting to note that the umt concentration remains
normal (0001 gm mtrogen as mucm per cc ) when the flud 1s
formed by diffusion, even though the swelling occurs rapidly,
but 15 greatly reduced when the effusion 1s formed by hemorrhage
with direct flow of blood nto the jomnt This 15 1 accord wath the
hypothesis that mucin 1s added to the dialysate of blood plasma
as 1t diffuses through the tissues surroundmng the jomt Another
possible explanation for the lower concentrations 1 hemorrhagie
effusions would be the presence m the entering blood of an en-
zyme which could destroy mucin How ever, we have been unable
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To summanze, the presence of a high concentration of proten
m the fluid (above 55 gm per 100 cc ), and especally of globuhn
(above 21 gm per 100 cc ), indcates that the inflammatory
reaction 1n the jomt 1s not traumatic m ongmn The synovial flmd
protemn concentration nises with icreasing duration of self-hmted
effusions or with increasing seventy of disease

FIBRINOGEN

Normal synovial flmd contains no fibninogen ' Even i effu-
sions, fibnnogen 1s seldom found mn quantities large enough to
be precipitable by the method of Cullen and Van Slyke 2 It was
determined 1 this way 1n only 6 flids of the present senes, 1
each from rheumatoid arthritis, rheumatoid arthntis (dagnosis
probable), gonococcal arthritis, Reiter s syndrome, hypertrophic
pulmonary osteoarthropathy and a case of mahgnant Iymphoma
of Hodghns type Smaller amounts of fibrinogen, however, were
found 1 many of the fluds, and could be estimated by the size
of the clot formed

The concentration of fibnnogen vanes with the type and
seventy of the jomnt disease and the duration of the effusion The
majonity of fluds of Group I do not clot, and even when clotting
does oceur, thev never form large, firm clots immediately In this
senies, fluds from patents with hypertrophic pulmonarv osteo-
arthropathy, however, differed from those of Group I i this re-
spect, since 4 of the 5 examned formed firm clots The content
of fibrimogen 1n the plasma mn these 4 cases was markedly elevated
(averaging 060 gm per 100 cc ), whereas 1t was normal n trau
matic cases (034 gm per 100 cc }

The majority of spectfic infechous and rheumatod fwnds
coagulate, and 1 manv cases rapidly form large, firm clots The
average concentration of fbrinogen m plasma corresponding to
these Group II flnds was 053 gm per 100 cc In rheumatord
arthnitis the concentration 1n synovial fimd 1s apparently inversely
related to the duration of the effusion, as 1s shown m Table V
Rheumnatord flmds of more than 1 years duration show less tend-
ency to dlot than those of shorter duration

The possibihty of a preformed clot which could not be with
drawn at aspiration w7s suspected m only 1 case, a patient with
hemophiha who had been transfused a few hours before aspia
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results ether 1 accelerated production or retarded destruction
of these mucins Attempts to demonstrate a destructive achion
of thyroxn on synovial mucin 1n vitro have not been successful
From histochemical studies, Asboe-Hansen™ has concluded that
hyaluronic acid 15 secreted by mast cells and that thyroid hormone
regulates the amount of polysacchanide formed

Further suggestion of hormonal regulation of mucin metabolism
has been given by observations on the effect of sex hormones
Ogston, Philpot and Zucherman'®® demonstrated that estrogenic
stmulation produced not only an mcrease 1 the size of the con
nechve tissue cells but also a viscous, mucimn contaimng exudate
1n the sexual skin of monkeys Bachman, Collip and Selye® showed
that a more generalized edema, not mvolving the sexual sk,
was produced if estriol mjections were contmued after the pn-
mary swelling of the sexual skin had appeared and subsided
Hardesty™ noted that the mucoid content of capons combs was
greatly augmented by imjection of male hormone and was also
mereased, though to a lesser extent, by female hormone Further-
more, the dunimished spread of India 1k m rabhbits” skan after
mjection of estrone, demonstrated by Sprunt, McDearman and
Raper,”® again suggests that estrin increased intercellular mucin
Loeb Suntzeff and Burns'* observed an increase in the amount
of fibrous hyaline tissue between the connective tissue cells m
the vagma of mice after ijection of estrogenic substances Ap
parently no evidence was obtamed as to whether or not this
mcreased imtercellular tissue was mucin

A marked imcrease m viscosity 1s produced 1 some rheumatoid
fluids by large doses of adrenocorticotrophnc hormone or of cortr-
sone, as discussed below The extent to which the normal activity
of the pitwitary or the adrenal cortex regulates the production
and degree of polymernization of mucm cannot be determimned from
this evidence

Flwds of Group II have a lower average mucin concentration
than traumatic flmds The concentration tends to decrease with
mcreasing seventy, the lowest values bemng found n severe
cases of specific infectious or rheumatoid arthntis Twelve fluids
(2 from severe cases of rheumatoid arthnts, 1 from a case with
probable rheumatoid arthritis and 9 from specific infectious ar-
thntis due to hemolytic streptococes staphylococer or gonococer)
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to demonstrate such an enzyme 1n normal blood or even in blood
from patients with rheumatoid or other types of arthnitis

Exceptionally high concentrations of mucin were found 1n many
fluds from Charcot jomts and 1n flurds from lupus ery thematosus
dissemnatus, degenerative joint disease and osteochondromatosts
A flud obtained post mortem from a knee which showed extreme
degenerative changes but did not contain an abnormal amount
of flmid had one of the highest concentrations n this senes (6208
gm mitrogen per 100 cc ) The lghest concentrations of all were
found 1n cases of osteochondromatosss, n which the average
(0166 gm mtrogen per 100 cc ) was much higher than that of
normal human flmd (0104 gm ) The significance of extremely
ligh mucm concentrations 1s not clear It 1s probable that they
are due to increased formation of mucin 1n response to tissue
sttmulation without the increased destruction of mucmn usually
assoctated with marhed mflammation of jomnts Companson of
the viscosity estimated from the mucin-glucosamtne content (see
p 62 and Figure 8) with the observed viscosity of flurds from
neuroarthropathy, lupus, degenerative jomnt disease and osteo
chondromatosis supports this hypothesis and indicates that the
mucm 1s not degraded That stimulation of synowial cells with
mcreased production of mucm can be caused by trauma 1s 1n-
dicated by King s'*® observations 1n acute and chronic inflamma-
tion of traumatic ongin He demonstrated enlargement of the
Golg1 apparatus of the synowial cells and accumulation of mter-
cellular mucoid matertal (Unfortunately, the muem concentra
tions of the fuds were not determmed ) There 1s also the possi
bibty that the lugh muecin concentration amses mn part from
destruction of normal cartilage or chondromata However, the
presence of synovial polysacchande n cartilage has not been
demonstrated by chemical or immunological means **°

An abnormally high concentration of mucin was found also 1n
the synovial flmd from a myxedematous patient This suggests
that the metabolism of synovial ind muen and that of the muein
of subcutaneous tissue undergo comparable changes when thyroid
activaty 15 reduced ® A decrease 1n thyroid activity apparently

°Connective tissue mucn from normal and myvedematous ammals has been
shown to be similar to synovial mucin by physteal charactenstics and by enzymatic
reactions 1 vitro
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mucin ether alone or associated with mcomplete synthesis

Attempts to demonstrate the presence of mumnase or a ssmilar
enzyme 1n such fluids have not been successful ¥ 17 It has been
shown, however, that ascorbic acid hydrogen peroude and serum
with high alkaline phosphatase activity both cause depolymenza-
tion of synovial fluid mucimn m vitro It 1s possible that abnormality
1n the metabolism of one of these substances may in some cases
explam the destruction of mucin 1n pathological flmds Lutwak-
Mann!~ found no ascorbic acid m normal synowial flud, but n
our sertes the synoval flmd from one patient with rheumatord
arthritis contamed 11 mg per 100 cc An mverse relationship
has been demonstrated between the alkalne phosphatase ac

tiity and the viscosity of synovial flmd (see p 77)

The findings m Group II fimds indicate that mucn destruction
1s more rapid than normal i many cases However, the break-
down probably represents merely a splitung of the macromole-
cules No free glucosamine, one of the hydrolytic products, 1s
present even m the flud from the most severe cases, showing that
complete breakdown of the polysacchande does not tale place
Whether the change 1 muem 15 1dentrcal m all types of Group
II flmds cannot be determimed from the available evidence In
fectious arthntis, the mmtal flmd, even from severe cases,
usually contans faurly normal mucin that precipitates 1 a ropy
clump Subsequently, the fluid becomes less viscous and the mucin
precipstate becomes smaller and less cohesive In effusions
rheumatord arthntis, on the other hand, the mucmn precipitate 1s
usually friable with a cloudy solution even early mn the disease,
except m very muld or atypical cases

The nature of the precipitate obtamed with acetic acid and
the viscosity of the flud give the best indication of the state of
the mucin 1 any pathological fluid However, a method that may
prove to be of value m estimating the degree of mucin degradation
15 2 companson of the relation between the viscosity of the flud
and the mucin concentration with the simlar relationship for
normal cattle fld (Figure 3) The empircal proportionality
between the loganithm of the viscosity and the concentration of
muemn glucosamine 1s apparently unaffected by the particular
solvent or the state of the polysacchande (Figure 8), even though
these cause changes 1n the viscosity per umt of glucosamme The
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showed only shght haziness on precipitation with acetic acd,
mdrcating merely a trace of mucin

Of more sigmficance than the changes in concentration are the
alterations 1n the characterstics of muemn 1n pathological fluds
Normal flud has a viscosity ranging from 57 to 1,160, with an
average of 235 at 38° C The mucmn from such flud 1s precipitated
by acetic acid as a tough, ropy mass, and the surrounding solution
1s clear (Figure 13a) The changes i jont disease consist of
reduction 1 viscosity and loss of characteristic precipitability
with acetic acid and are sumlar to those produced by the mn vitro
depolymenization of mucin by ascorbic acid hydrogen peroide or
by bactenal or tissue enzymes ® The abnormalities are greater
m the flmds of Group II than in those of Group I and mcrease,
m general, proportionally with increasing seventy (Figure 12
and the chart at the back of the book)

Traumatic arthntis flmds, for example, show normal umt con
centration of mucin but wviscosity reduced from the normal
range to an average of 81 at 38° C with mimmal maxuimal values
of 84 and 83 The precipitability of mucin, however, remains
fairly normal, 1e, the addition of acetic acid to a final concen
tration of 1 per cent causes the charactenstic ropy precipitation
with surrounding solution that 15 clear (See Figure 13a ) In
specific infectious and rheumatoid fluids, on the other hand, the
viscosity tends to be much lower, with averages of 146 and 131
respectively The precipitability shows even more marked altera
tron than the viscosity When there 1s relatively Iittle change from
normal, the muein 1s precipitated m a clump, but ths s soft and
friable and the solution 1s cloudy (Figures 13b and 18c) In the
fluds wath more abnormal mucin, a flocculent or shghtly fibrous
precipitate 15 obtamed and the surrounding solution 15 very
cloudy (Figure 13d) In extreme cases, no definite precipitate
1s formed, the solution becommng only shghtly cloudy

The simlarty of these changes to those produced by enzymatic
digestion of mucin suggests that the reduced concentration of
mucin 1 Group II fluids 1s caused by increased destruction of

*Synovial flmd mucin can be depolymenized 1n vitro by three types of substances
bactenal or tissue enzymes serum with high alkalime phosphatase activity and
ascorbic acid hydrogen peroxide (See reviews of the subject™ ** *°) Further
breakd: with hydrol, of the pol haride and L of red
sugars and glucosamme 1s caused by the bactenal enzymes
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c d
Figure 13 Types of mucin precipitate obtained with acetic 1ad (the

beakers contuning the muein were placed on 2 black surface and the photo-
graphs were taken from above)

a Tight ropy clump in 1 clear solution

b Soft mass 1 a very shightly cloudy solution
¢ Small fnable masses 1 a clouds solution

d Few flecks 1n a cloudy solution
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mucem glucosamme concentration of any flurd can, therefore, be
extrapolated to the concentration chosen as a basis of companson
(75" mg of glucosamine per 100 ce ) and the corresponding vis
cosity compared with that found for normal flwd at this standard
glucosamine concentration For example, if a flmd has a mucn
glucosamme concentration of 82" mg per 100 cc and a relative
viscosity at 38° C of 166, extrapolation (using Figure 3) to a
concentration of 75% mg per 100 cc gives a viscosity of 11
contrast to the value of 50 found 1n normal cattle flmd at this
concentration The disproportion between viscosity and muem
content 15 most marked 1n those fluds m which the type of pre
cipitate obtamed wath acetic acid 15 indicative of the greatest
breakdown of mucin However, even traumatic fluids, from which
the mucin 15 precipitated normally, show lower viscosities than
would be expected from the mucin concentration, suggesting that
the first stage of mucin breakdown (presumably a partial spliting
of the long chamn molecule) hs talen place The degree of degra
dation of mucin m such fluds 15 apparently comparable to that
produced by any of the usual methods of prepanng mucm from
normal flmd The viscosity of solutions of mucin prepared by these
methods 1s lower 1 proportion to the concentration than was
that of the normal flmid from which 1t was obtained (Figure 8)

The mtrogen/glucosamine ratio of the mucin precipitated by
acetic acid from joint flud 15 also indicative of the state of the
mucmn  With 1ncreasing breakdown of the polysacchande, the
ratio decreases from the normal of 15 In general estimates of
the degree of mucin degradation provided by this method, by
the relative viscosity of the fluid and by the type of mucin precipt
tate agree fairly well (Table X)

A reversal of the changes mm mucin with improvement in the
jomt disease was apparent in thus series in cases in which repeated
aspirations were done In one patient with rheumatic fever, the
synovial flud withdrawn 12 hours after onset of an effusion con
tamed 008 gm mitrogen as mucin per 100 cc, while flmd from
the same knee 3 days later had a mucn mirogen content of 015
gm per 100 cc The change paralleled a drop mn the flud leuko-
cyte count from 13 800 to 1980 cells per cu mm Similarly, flud
from a septic yont {Staphylococcus aureus) had no precipitable
mucmn 5 days after onset of the arthritis but showed a defimte
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Tane N Companson of Different Methods of Estimating the Concentra
tion and State of Mucin in Various Types of Joint Discasc®

Relative Mucin Mueln  Typeof  Mutin
\scosity  mitrogen  glucosamine mucin _ nitrogen
at38 C gm/100cc gm/I00cc ppt! Glucosamine

Tuberculous arthritis 77 of1 026 P 080
Reiter s syndrome 105 067 052 r 138
Rheumatord arthritis 110 007 040 P 138
Syphibtie arthnitis 1114 058 039 P 112
Infectious arthnitist 187 058 017 P 156
Pulmonary ostecarthropathy 153 017 037 T 110
Gouty arthntis 170 058 040 r 103
Hemophilia 210 041 P

eumatic fever 220 108 093 G 152
Probable rheumatoid arthntis 240 068 048 F 144
Neuroarthropathy 310 068 016 F 138
Traumatic arthntis 810 030 098 G 056
Degenerative joint discase 410 090 080 G 094
Lupus erythematosus

dissemmatus 1490 092 059 G 137
Nomal human knee jonts§ 2350 104 087 G 116
Myzedema 861 0|} 192)} G
Osteochondromatosis 4990 168 099]| G 1410}

yAmmanged 1n order of ncreasiug viscosity not all the columns contaln equal numbers of fulds
1The type of precipitate s expressed in rymbols having the following significance P=small friable
masses in @ cloudy solution Fesoft mass in & clear or slightly cloudy solution Gw=tight rapy

clump
ﬂncludl:gl clear solution (See Figure 13 ) Foeoll A and
arthnty

£These Buids were obtamed post mortem
[Besults based on the analysis of only 1 fluid

precipitate 3 days later when the total cell count had fallen from
151,500 to 90000 cells per cu mm Gradual improvement was
found also m a case of theumatoid arthritis The flmd aspirated
4 weeks after the onset of the effusion contamed 0 06 gm mtro
gen as mucem per 100 cc One week later the fluid contamed 0 09
gm, and 5 months after onset the content was 012 gm The cor-
Tespondmg 1mprovement 1 the activity of the disease was
reflected m the drop 1n corrected sedimentation rate from 107
mm per minute to 0 82 and finally to 0 69

Admimstration of adrenocorticotrophic hormone or of cortisone
to theumatod patients resulted m a dramatic improvement
the state of synovial mucmn as determmed by wviscosity of the
flwd and type of mucin precipitate In one patient the viscosity
rose from 13 ta 6,080 following 110 days of ACTH treatment
Whether tlus change represents mactivation of an enzyme that
causes degradation of mucin or activation of an enzyme capable
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TasLe % Companson of Diffcrent Methods of Estimating the Concentra
tion and State of Muein in Various Types of Joint Disease®

Tielative Mucin Mucly  Typeof Mucin
ity  nitogen glucosamine mucln _ fitrogen
at38 C gm/I00cc gm/100cc pptt Glucosamine

Tuberculous arthnitis ™ 044 028 P 080
Rester s syndrome 105 067 052 P 138
Rheumatoid arthritis 110 007 010 P 138
Syphuliie arthnitis 114 058 039 P 112
Infectious arthnitis} 137 058 047 P 156
Pulmonary osteoarthropathy 153 047 037 F 110
Gouty arthntis 170 058 040 P 103
Hemophilia 210 041 P
Rheumatic fever 220 108 093 G 152
Probable theumatod arthntis 240 068 048 F 144
Neuroarthropathy 810 068 048 F 138
Traumatie arthnitis 310 080 098 G 056
Degenerative jomt disease 410 090 080 G 094
Lupus erythematosus

dissemmatus 1490 092 059 G 187
Normal human knee jomts§ 2350 10 087 G 116
Myzedems ssroll  192)] I
Osteochondromatoss 4990 166 099}} G 1414}

*Aranged 1n order of increasing viscos ty not all the columns contam equal numbers of fuids
YThe type of precipitate 1s expressed an symbols baving the following sigmficance P=small Inable
masses 1n @ cloudy solutton Fesoft mass in & clear or slightly cloudy solution G=tight ropy
clump in a clear solution (See Figure 13 )

tncludes h 1 E eolt 1l and
arthnits

$These Buids were obtamed post mortem

{[Results based on the analyss of only 1 flud

precipitate 3 days later when the total cell count had fallen from
151,500 to 90,000 cells per cu mm Gradual improvement was
found also 1 a case of rheumatoid arthrhis The flmd aspirated
4 weeks after the onset of the effusion contaned 0 06 gm mtro-
gen as muem per 100 cc One weel later the flmd contamed 0 09
gm , and 5 months after onset the content was 0 12 gm The cor-
responding improvement 1 the achvity of the disease was
reflected m the drop in corrected sedimentation rate from 107
mm per minute to 0 82 and finally to 0 69

Admmstration of adrenocorticotrophic hormone or of cortisone
to rheumatoid patients resulted m a dramatic improvement 1n
the state of synovial mucn as determined by wviscosity of the
fiwd and type of mucm premipitate In one pahent the viscosity
rose from 13 to 6,080 following 110 days of ACTH treatment
Whether this change represents 1nactivation of an enzyme that
causes degradation of mucin or actwation of an enzyme capable
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of synthesizing ghly polvmenzed muem or 15 unrelated to en
zyme achvity 1s not known

To summarize, defimte breahdown of the mucin m a flud
(evidenced by a fnable precipitate and cloudy solution on addi
tion of acetic acid) indicates that the effusion 15 probably not
traumatic {Group I) 1 ongmn The degree of destruction of mucn
can be estimated best by the nature of the precipitate obtamed
with acetic acid and 15 also indicated by the relative viscosity of
the flmd Unusually hugh concentrations of undegraded mucin
are found 1n lupus erythemtosus disseminatus, degenerative jomt
disease and osteochondromatosis

NON ELECTROLYTES
Non protemn Nitrogen and Uric Acid

The synovial flnd concentration of non electrolytes that are
readily diffusible and not rapidly utiized in the jomnt (such as
non protein mtrogen and uric acid) 1s dependent on the plasma
concentration and 1s not of diagnostic value In effusions of all
types the concentration 15 approuimately equal in fluid and plasma
1515 found normally and as would be expected from the fact that
the synovial tissues are readily permeable to these substances
Smilar distnbution has been reported by other workers? *
29 104

Equal distribution of uric aaid between blood and flud was
found 1 all effusions even 1 gout The duration of the gouty
effusions varied from 10 hours to 10 weeks (see table, p 65) These
findings do not support Khings thesis™™® that the concentration
of unic actd m the flud 15 sigmficantly higher than that of the
blood dunng an acute attack of gout

Bilirubin

Bilirubin also diffuses readily from plasma to flud 1n jaundiced
patients, as was noted by Kling!® In a patient wath gout and
jaundice Burman’® found an ictenic mdex of 17 compared with 1
value of 21 1n the blood 2 days later In 1 flmd m our senes,
obtamed post mortem from a jaundiced patient who had had
no evidence of jont disease the ictenc index determned m this
laboratory was 20 as compared with 75 n the serum
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Uric Acid Concentration 1n Gouty Lifusions

Se Il
Duration of effusion mg./100 cc mg /100 cc

10 hours 125 126
8648 hours 54 89
1 week 63 61

1 week 87 66

10 days 42 46

10 days 42 46

3 weeks 75 72

4 weeks 89 38

§ weeks 96 99

5 weeks g6 g5

10 weeks 84 89

Sulfonamides

Simlarly, the synowial tissues are readily permeable to sulfamila-
mude After mtravenous mjection, prontosd appeared m the flmd
m 9 minutes The synovial flmds from 3 cases of gonococcal
arthntis contamned 60, 54 and 78 mg of sulfamlarmde per 100
ce after 2 days of treatment, 1n contrast to 46, 51 and 86 mg
per 100 cc 1n the serum Keefer and Rantz'® found approximately
the same concentration of sulfamlamide in blood and flud m 5 of
6 cases of gonococeal arthntis In 1 other case the concentration
was much higher m the flnd (188 mg per 100 cc ) than in the
blood (62 mg) Of two patients m the present senes treated
with sulfathiazole, 1 showed essentially equal concentrations of
the sulfonamide 1n serum and flud (32 and 85 mg per 100 cc ),
while the other had only a trace of sulfathazole 1n the fluid when
the serum concentration was 4 1 mg per 100 cc

Pemucillin

Permeability of the synovial tissue to penteithn has been demon-
strated by several mvestigators® 7 o4 124 187 Many have found
the concentrations m the flmds to be comparable to those in the
blood after mtramuscular admnistration In other studies 2 8 &

2 lower levels were found m the jomt flurd after mtramuscular
wjection Pemeihin was found to remam 1 the fimd longer than
1n the blood © o s

Chloromycetin

Diffusion of chloromycetin from blood to synovial flud was ap-
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Taste XI Concentrations of Glucose 1 Synovial Fluds Aspirated 3 to 4
Hours After Eatng

Hours Sugar
Cue after 12 _per 100 cc
no eating Fimd Blood Dafierence
1 4 102 81 21
103 81 22
2 4 101 96 5
3 3% 139 nz 22
4 3 99 67 82
5 4% 98 % 23

parent m 1 patient with staphylococeal arthntis m our senes
The concentration n the flnd was greater than 16 but less than
64 mg per cc compared with a serum level greater than 32 but
fess than 128 mg per cc

Sugar

Vaniations 1n the concentration of sugar, i contrast to those with
other non electrolytes, are of diagnostic sigmficance® (Figure
14) The concentration of glucose m flwds of Group I mn general
15 essentially normal, averaging less than 10 mg below that of
the serum In manv mstances the flmd values are equal to those
of the sera mdicating that the rate of utilization by the cells of
synovial tissues, cartiage and fluid 15 approxumately equal to the
difference between the rate at which glucose 1s supphed and the
rate of removal In this senes hemorrhagic effusions had lower
concentrations of sugar than other traumatic fluids, the average
level being 22 mg below that of the serum The mcreased gluco-
Ivtic enzyme activity associated with the large amount of blaod
m the joint presumably causes this decrease m glucose

*It should be mentioned 1 connechon with sugar levels that determunations of
the concentration m flwds taken while patients are under anesthes:a ot wathin
3 to 4 hows after %ﬁng are se!dum of diagnostie value The nse w blood sugac
cansed by h f food 15 d in the fimd sugar and the
relationship between Lhe blood and fud sugars vanes markedly dunng the nse
and fall of the blood sugar It bas been shown that increase m the level of glucose
1 the blood 1s not wsually reflected m the fiwd of pormal™ er rheumatord™
jownts for approxumately 20 minutes The flwid sugar then nses slowly and steachly
Later when the blood sugar falls rapidly the rate of utlization of sugar by the
articular tissues and the rate of diffusion from the jont flurd back to the capd
laries are not suffictently rapid to keep the flnd sugar at or below that of the

blood * As a result fhuds withdrawn 8 to 4 hours after eating tend 1o have
Iugher concentrations of glucose than blood taken at the same tune {Table XI)
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Fluds m Group II have a lower average glucose content than
normal and Group I flmds The lowest values 1n this series (except
some 1 fwds from severe rheumatord arthntis of very long dura-
tion) occurred m the flurds n which organisms were found The
reduction of the sugar concentration that occurred when there
was a sufficiently large number of orgamisms to give a positive
culture and a marked cellular response was particularly well
shown mn fluds from gonococeal arthntis The average sugar
content of flds from which no organtsms could be grown was
83 mg per 100 cc, while the average for fluds with positive
cultures was 29 mg (Table IV)

In rtheumatoid effusions, sugar, hike other components, shows
a wide range 1n concentration The mummal and maximal values
m this series were 0 and 132 mg per 100 cc There was a general
tendency for the flud level to be lower mn severe and moderate
than in mild cases (see Table VII) A correlation between dura-
tion of effusion and concentration was also shown the average
bemng 78 mg per 100 cc m those of 6 weeks or less m contrast
to 58 mg per 100 cc 1n those of over 1 year s duration (Table V)
Furthermore all rheumatoid effusions that contamned no sugar
were of over 6 months duration

The decreased concentration of sugar 1s due m part to the de-
creased rate of entrance which has been shown to occur in the
effusions of rheumatord and infectious arthntis #* This disturbs
the normal equihbnium between entrance and utilization The
reduced supply of glucose, associated presumably with mcreased
utihzation by nflamed and proliferated synovial tissues and by
an ncreased number of leukocytes and by orgamsms if present,
results 1n 2 marked lowenng of the sugar level The cause of the
difficulty 1 entrance of sugar mto chronic effustons 1n rheumatoid
arthnitis and the similar delay 1n mfectious arthnitis 1s not known
The reduction 1n the rate of entrance vanes from patient to
patient, depending apparently chiefly on the seventy of the
disease *** It 1s not due to a reduction of capillary permeability”
presumably, smce the rate of entrance of such substances as
protems and lipoids 1s increased 1 the same jomts Whatever the
:;e::::;lcn, 1; lsl probal;ly merely a retardation of the usual mode
from bloo; t(; i%ulnx;o Sel or n normal calves the passage of glucose

1s slower than that of thiocyanate 20°
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No exact correlation between the glucose level ard total nu
cleated cell count was found n any type of flmd This corrobo-
rates the conclusions of Collins,® who did not find the absolute
correlation suggested by Cajor1 and Pemberton * In many cases
n our sentes, marked elevation of the white count caused no
definite lowermg of the sugar For example, theumatod flmds
with total counts of 83,100, 39,300 and 51,000 had sugar con
centrations of 64, 68 and 61 respectively, while the entire group
of rheumatoid flwds which had an average count of 14 032, had
an average sugar concentration of 63 There were only two con
sistent relationshups no fluid with a total count above 20,000
had a sugar level equal to that of the serum, and there was a
tendency for the fluid sugar to be markedly decreased (usually
below 50) when the total count was above 40 000 Even i these
cases the correlation was not exact and 1t was apparent that factors
other than the total leuhocyte count were of more :mportance 1
determining the glucose level in the flmd

An apparent reciprocal relionship between flwd sugar and
total leuhocyte count would be expected smce both changes
are presumably evidences of increased mflammation and smce 1t
has been shown that leukocytes cause breakdown of glucose®
121 213 Thys apparent comrelation and the relation to the seventy
of the mflammation are shown in the case of the patient with
theumatoid arthritis who had bilateral effusions that appeared
and disappeared m regular cycles (Figure 7) Dunng the pened
of mereasing inflammation and effusion the total leuhocyte and
absolute polymorphonuclear counts rose, while the sugar concen
tration fell Subsequently, with decreasing mflammation, the
counts fell and the sugar content mcreased The decrease i the
difference between serum and fud glucose levels m some rheu
matoid patients receving adrenocorticotrophic hormene or cortr-
sone gives further wdication of the relationship of the sugar
content of the flud to the degree of inflammation of the synovial
tissues

The glucose level 1 the synovial fluid 15 affected by mcreased
articular pressure but these sugar changes are not of diagnostic
or prognostic sigmficance The sigmficant level for diagnosis 15
that found on a second aspwration when imntra articular pressure
1s Iower The effect of pressure was shown mn 4 cases of theumatod
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Taste XII The Relationship of Intra articular Pressure and Concentration
of Glucose in Synowial Fluid

Caseno Toitialpressure  Leukocytes of  Polymomho _ Sugar me per 100 ec
and mm of synoviat fluld  puclears Synovial
date 1ynovial Buid percu mm per cent. Blood fuid

Case 1
12/20/38 220 9600 57 01 7
1/14/39 120 9900 42 o1 81
Case 2
12/30/37 over 700 12100 80 27
1/11/38 546 25000 91 59
Case 3
8/24/38 700 19 600 90 20
4/ 1/38 170 107 72
Case 4
11/20/87 over 700 11800 87 89 33
12/ 1/37 0 80700 78 73 5
Case 5
10/21/39 over 700 15 600 6 99 55
10/26/39 100 7 480 49 104

arthmitis that had low glucose concentrations and high intra-
articular pressures m the ongmal flmids Aspirations were repeated
within a short period of time, and a nise 1n glucose concentration
comneident with a fall m pressure occurred n each case (see
Table XII) The rapid rise 1n sugar, with no known change except
reduction of intra-articular pressure suggests that the low sugar
concentrations m the mtial fluds might be due to decreased
diffusing surface caused by compression of blood vessels by the
high 1ntra articular pressure The pressure of 700 mm of water
found 1n 3 of the joint fluuds 15 much higher than the pressure
usually thought to occur m capillaries (approximately 400 mm
of water) However, m 1 case (Case 1, Table XII) i which
exceptionally marked proliferation of the synovial tissues was
subsequently found at operation a flnd pressure of only 220 mm
Was apparently sufficient to cause reduction of sugar concentra-
’Sim The mechanism by which high mtra articular pressure lowers

€ sugar content of fluid remains unexplamed

Twenty one fluds obtamed from patients with vanous jomnt
diseases who had been fasting for 12 hours (or more) showed
Sugar concentrations more than 6 mg higher than the bloods
taken at the same time It seems unlikely that such long periods
would be necessary for the restoration of equilibrium Al of the
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reducing substances 1n the flud were found to be fermentable
by yeast The relntively high concentration of sugar in the fud
compared with that 1o the blood 15 dufficult to explam

The above survey of the concentritions found m fmds from
various jomnt diseases mdicates that a low or absent sugar 1s not
necessanily an mdieation of bactersal mvasion of a flund as Collims™
presumed it to be In theumatord arthnbis, persistently low sugar
tevels are an mdication of severe or long continued disease Since
the sugar content of synovial flind 15 determmed by the etiology
and severity of the synovial mflammation, 1t 15 often of diagnostic
and prognostic value If the sugar of < non hemorrhagic flurd 15
more than 20 mg per 100 cc below the blood level, the effusion
15 presumably not traumatic m ongm In nfectious arthnts the
flmrd sugar concentrition can be used as one mdication of the
course of the synovitis and thereby aid m prognosis

Lactate

The concentritien of lactate 1 normal human synovial fluid has

not been determumed In 6 normal cattle fluids the level ranged

between 18 and 34 mg per 100 cc {The corresponding serum

levels vaned from 85 to 114 mg per 100 cc, the great vanation

:lesutl}:mg probably from the fact that the animals struggled before
eath )

The fuid lactate concentration 1n jont diseases vanes with the
etiology and seventy In the 3 Group I fluds (obtamned from
Charcot jomts) m which the lactate content was determumed,
the level i the Bd 1veraged essentally the same as that i the
serum (18 mg per 100 cc as compared with 15 mg per 100 cc )
The concentration varied greatly m Group II flads In 13 cases
(1 rheumatic fever, 2 congenital syphibs 1 Retters syndrome,
1 memngococcal arthritis 1 gonococeal arthntis and 7 theuma-
toid arthntis), the flnd lactate level was withim 10 mg per 100
ce of the serum level The differences were much greater m the
other 28 Group I flmds the flwd level usually bemng higher than
the serum The greatest differences found were m a patient with
tubereulons arthnbis and in one with severe gouty arthntis 1
whom the flmd values were 79 and 97 mg per 100 cc and the
serum values 16 and 22 mg per 100 ce respectvely Flud
aspieated at the same time from an effusion 1 the other knee of
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Tane NI Distnbution Ratios for Chloride Calcium and Phosphorus in
Various Discases

retical

Cuse R} we 2 oo
noy Disesse iy Cs T ratio

1 Normal 98 87 93

2 Traumatic arthritis 91 96

8 Traumatic arthritls 100 o7

4 Traumatic arthritis 105 97

5 Degenerative joint disease 101 92 105 96

6 Rheumatold narthritis 102 23 110 07

7 Tuberculous arthritis 102 90 99 97

8 Septic arthritis 98 97 109 93

9 Septic arthntis 93 94 100 98

the patient wath gout, contained only 51 mg of lactate per 100 cc

In general, the lactate concentration in the flwd showed an
mverse relationship to the sugar content (Tigure 15) The sig-
mificance of the relationstup 1s not apparent, but possibly the
meresed lactate concentration 1s associated with grenter utiliza-
tion of glucose

ELECTROLYTES

The concentration of chlonde 1s higher m normal human
synovial flud than i the serum, while the reverse 1s true of
calelum The concentration of total morganic phosphate 1s prac-
tically the same in flwd 2nd serum * The distribution rtios are
such as would be expected from the Donnan theory of equilibrium
across a semmpermeable membrane and from comparnison with the
distribution ratios for dialysates of blood plasma!®* (Table I1)
In the types of pathological fluid analyzed, the distribution of
chloride, phosphate and caleiwm 10ns between serum and flud
vared shghtly from case to case but there was no apparent corre-
lation wath the etiology, seventy or durition The distnbution
rbtios muntuned essentially the same relationship to the theo-
retical Donnan ratios as found 1n normal flmd The chlonde and
phosphate concentrations per 100 cc of water were approximately
cquil i flwd and serum, although there was a shght tendency
for the concentrition of phosphate to be Tugher in the serum (see
Table AIII) The concentration of calerum was lower mn the fnd

than m the serum, but the distnbution ratios Ca,
",

were
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reducing substances in the flud were found to be fermentable
by yeast The relatn ely high concentration of sugar m the flud
compared with that m the blood 1s difficult to explam

The above survey of the concentrations found m fluds from
various jomnt diseases indicates that a low or absent sugar 1s not
necessanly an mdieation of bactenial mvasion of a flmd as Collins®
presumed 1t to be In rheumato:d arthntis, persistently low sugar
levels are an mdication of severe or long-continued disease Smee
the sugar content of synovial fld 15 determined by the etiology
and severnity of the synovial mflammation, 1t 15 often of diagnostic
and prognostic value If the sugar of a non hemorrhagie flud 15
more than 20 mg per 100 cc below the blood level, the effusion
15 presumably not traumatic m ongn In mfectious arthntis the
flurd sugar concentration can be used as one mdication of the
course of the synovitss and thereby aid m prognosis

Lactate

The concentration of lactate m normal buman synovsal flnd has
not been determmed In 6 normal cattle flmds the level ranged
between 18 and 34 mg per 100 ce (The corresponding serum
levels varied from 85 to 114 mg per 100 cc, the great vanation
resulting probably from the fact that the ammals struggled before
death )

The flmd lactate concentration 1 jont diseases vanes with the
etiology and severity In the 3 Group I fmds (obtamed from
Chareot jomts) m which the lactate content was determmed,
the level n the flmd averaged essentially the same as that mn the
serum (13 mg per 100 ¢c as compared with 15 mg per 100 cc )
The concentration vaned greatly m Group II flmds In 13 cases
(1 rheumatic fever, 2 congemtnl syphihs 1 Resters syndrome,
1 memngococeal arthritis 1 gonococcal arthntis and 7 rheuma
toid arthntis), the flmd lactate level was within 10 mg per 100
ce of the serum level The differences were much greater m the
other 23 Group II fluds the fimd level usually bemng hugher than
the serum The greatest differences found were m a patient with
tuberculous arthntis and m one with severe gouty arthritis m
vwhom the fluid values were 79 and 97 mg per 100 cc and the
serum values 16 and 22 mg per 100 ce respectively Flud
aspirated at the same time, from an effusion 1n the other knee of



sastastp jutol snouwa ut (0) t1ds put (e) spmg [ctAouds
w suoneQuoouod 0s0on|S pur djudL] Iy uedwjaq dijsuontjex 2yy, CT HUNOL]
32 00k G4 DH-3303T10

ot

0z

i

0%

09

LR R UL |

0L




74 SYNOVIAL FLUID CHANGES

somewhat higher than those found 1 normal human Smds, with
only shght mereases in the theoretical ratios (Table AIH) The
relatn ely ngher concentration of calerum and lower concentration
of chlonde and phosphate m pathological flusds are due pre-
sumably to the higher concentration of protem m these fluds
Other electrolytes such as sodnm and potassium have been deter
muned only oceassonally mn pathologieal Sunds In the few flusds
that have been examuned, the results have been such as would
be expected from the findings 1n normal cattle flind (See Table
11 and review of the subject ) The total base concentrations m
2 flwds from rheumatowd arthritis were 1458 and 1525 meq /1
m contrast to 1478 and 1567 meq /1 1n the blood In the first
of these cases, the sodium concentration 1n the flmd was 1335
meq /1 and that m the blood was 137 O megq /1

Thiocyanate

Diffusion of thiocyanate mnto the jomnt space 1s rapid It was de-
tected 1n the synovial fluud of calves 10 mnutes after mtravenous
mjection #° The concentration rose steadily until equdibrium
was attamed m from 1 to 5 hours At that pomt, the flud level
was O per cent Jower than that of the blood The findings m 2
patients with a Charcot jomnt and m 3 of 7 patients with rheu
matod arthris were suular In 8 of the rheumatord patients,
the rate of entrance was slower than that found m calves, while
m 1 1t was very rapid, equiibrium being attamed 1n 15 mnutes

Hydrogen Yon Concentration

The average pH of pormal human 8uid obtamed post mortem
15 739 as determuned 1n ths laboratory Widely varymg values
(rangmg from 7 4 to 8 4) for normal fluid obtaned post mortem
or after amputation have been reported *** *** -® In normal cattle
fhnd the average value 15 7 31 mn companson with an average of
7 42 for the serum %"

In jomt disease, the pH vanes with etiology and seventy De
terminations of pH were made on only 23 fluds 1 the present
sertes In effusions from smgle cases of mtermttent hydrarthross,
gonococcal arthnitis and mild thewmatoid arthntis, the pH of the
flurd was approumately the same as that of the blood, bemng even
shghtly hugher m 1 of these cases The pH of the Huid was defi-
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Alkallne phosphatase

Relative viscosity sverage
“Type of fuid sverage st 38 C Bodansky units
Human knee 235 {22) 07( 5)
Catle 1 56 ( 4) 82( 3)
carpometacarpal
astragalotibial 3( 17 138 (18)

The figures in parentheses {ndicate the number of faids from which the averages wero obtalned

been considerable tissue destruction, as in severe cases of trau-
matic, mfectious or rheumatord arthntis Holmgren,*® by means
of A ray exammation, demonstrated free fat in 26 of 41 cases of
fracture of the knee

ENZYMES

The enzymes of normal synovial fimd have not been studied 1n
detail Podkaminsky’™ found an amylase, protease and hpase
but no catalase We have found, however, that synovial flmd
causes breahdown of hydrogen perouide The alkaline phosphatase
actvity m normal cattle fhud 1s higher than that in the serum,
an average of 13 8 unuts per 100 cc 1 contrast to 46 Vanations
i activity 1n the flud are marked, with a range from 54 to 33 8
umits per 100 cc In 5 fluds obtamed post mortem from patients
who had had no jomnt disease, the phosphatase achwity was much
lower than that 1n normal catile fud, rangmg from 036 fo 108
units per 100 ec In our experience, normal human flud has the
lowest phosphatase actiity and the highest viscosity of any type
of flmd This mverse relationship, apparent 1 the table above,
may be of no significance but 15 interesting because serum with
Iugh allaline phosphatase actvity has been shown to cause breal.-
down of synovial mucimn m vitro 13

The phosphatase actvity was relatively constant in the 9 flmds
from vanous jomt diseases studied m this series and was,
general, only shghtly less than that of the serum, averaging 27
umts per 100 cc m contrast to an average of 85 1n the serum

It 1s apparent that knowledge of the vanous types of enzymatic
actvity 1n synovial fluid 15 too hmuted to indicate the role that
enzymes play m the metabolsm of articular structures
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nitely lowered i more severe rtheumatod jomts {8 cases),
averaging 7 22 1n companson with 7 45 1n the serum The greatest
difference between fmd and blood mn the rheumatoid cases was
086 In the only 2 fluids from cases of infectious arthntis (staphy
lococeal and pneumococeal) that were examined, the pH 1alues
were 720 and 693 The serum pH 1n the latter case was 739
Following intravenous injection of weak electrolytes {sodim
carbonate, lachic acid ammomum chlonde and sodium salieylate),
]oseph Reed and Homburger"“ found that the pH of the jomt
ed 1n vivo) ch d more slowly than that of the blood
The latter usually reached the maamal displacement 1n 1 minute
{and approached the resting level within a few minutes), whereas
the joint pH usually required more than 5 mmutes for the maximal
effect Femoral nerve shmulation or exercise of the joint produced
a decrease of the pH of both blood and joint flsd The blood pH
fell rapidly and returned within a few mmutes to a normal level
The fall n the jomt pH came more slowly and the displacement
was often mamntamed for 20 to 30 minutes Similar results were
obtamned when convulsions were produced with metrazol or
msub - Following unilateral penvascular sympathectomy, the
fall 1 jomt pH followmg femoral nenve stunulation was greater
on the operated side and in many cases showed no recovery m
30 minutes 1%

LIPIDS

Cholesterol and fatty acids are not found m normal eattle
synovial flwud

Cholesterol 15 present in the flwd 10 jomt disease In 8 rheuma
tord fluids, the distnbution ratio between flurd and serum was
067, 058 and 082, 1t was 061 and 0 45 1n 2 cases of arthnbs of
undetermmed nature In the majonty of mstances the presence
of cholesterol presumably mdicates mereased permeabilsty of
the tissues between blood and flnd and possibly a reduced rate
of removal Chauffard Richet and Gngaut™ and White and
Sacks™ found low levels of cholesterol 1n edema flmd due to
congestive failure or venous ohstruction 1 contrast to ugh con
centrations m fluds ongmating from lymphatic obstruction
However, m some cases the content of cholesterol 15 probably
increased because of breakdown of tissue Free fat and cholesterol
crystals are found often m flwmds from jomnts i which there has



GROUP I, TRAUMATIC DISEASES 79

several years later, 1t became apparent that these pattents had
theumatord arthntss (see Case 6, p 126)

In general, non hemorrhagie triumatic fluids show relatively
shght changes from normal A typical flnd of Jess than 3 months
duration 15 clear and does not clot Total nucleated cell count 1n
our 81 flwds usually was below 1,000 per cu mm, with an absolute
polymorphonuclear count below 100 The erythrocyte count
varied from 50 to 15,650 The concentration of sugar was essen-
tally the same as that of the serum The protein content (exclusive
of mucm) was 2 to 3 times that of normal flud, most of the
merease being n the albumin fraction, so that the albumin/
globulin ratio remamed high, with an average of 49 Electro-
phoretic patterns in 7 cases showed the albumin fraction always
higher m the fluid than m the serum, alpha-1 and beta globulins
essentially the same and alpha 2 and gamma-globulins lower 1n
the fluid *** The viscosity was shghtly reduced, but the muemn
content per cubic centimeter was normal (0076 gm mtrogen
and 0098 gm glucosammne per 100 cc ), and the mucin precipt
tated as a ropy clump m a clear solution

Thus the findings 1 traumatic effusions of short duration indi-
cate only shght mflammation Effusions that persist for over 8
months following trauma may represent other types of arthntss,
as discussed above They showed somewhat more marked changes,
with shightly higher cell counts and protemn concentrations The
mucin concentration alse was slightly increased, suggesting more
rapid formation due to persistent amtation of synowial tissues

While 40 traumatic effusions contamed less than 20,000 erythro-
cytes per cu mm and were not xanthrochromic, 26 fluds were
definitely hemorrhagic In such cases, even when the flud was
aspirated within 16 hours, clots were not found and the bloody
flud usually did not clot after withdrawal There 1s no evidence
to indicate whether clotting occurs 1n the joint and the clots are
dissolved or whether some constituent of the flud acts as an
anticoagulant Volkmann * stated that absorption of blood takes
place very slowly unless there 1s a tear 1n the synovial membrane

and that blood often remans 1n fld state m the jomt for weeks
or months Julliard ** Klmg"® and Collins®* also noted that
hemorrhagic traumatic effusions did not clot erther n the joint
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Findings in Fluds in Group I, Diseases of
Traumatic Origin

THE charactenistics of synovial flud 1n the different forms of jomt
disease included 1 Group I and the number of flmds from which
the data were obtaned are shown n Figures 5, 6, 9, 10, 11, 12
and 14 and the chart at the end of the book

TRAUMATIC ARTHRITIS

Effusions frequently follow jomnt injuries of varous types as
would be expected The effusions appear within a few hours after
mjury, usually subside within 1 or 2 weeks and seldom last more
than 3 months As a rule, the mvolved jomnts are not red, hot or
acutely tender

Persistence of symptoms and effusion for more than 3 months
after injury suggests that the joint involvement though precipt
tated by trauma, 15 not the result of trauma alone However, 1t
1s frequently impossible to make any other diagnosis or to deter-
mme what additional factors are playmg a role Therefore, for
this series we have mcluded these cases (9 fluds) m a group
designated traumatic arthnitis of over 8 months duration It
1s possible that they all represent mild cases of other types of
arthnitis For mstance, mfectious arthnitis and gout tend to localize
m traumatized jomnts and trauma may precipitate the first marked
jomt mvolvement m rheumatoid arthritis In such cases the jont
disease often 1s mcorrectly diagnosed This 15 exemplified by 2
of the patients who were ongally included 1n the group labeled
“traumatic arthntis of long duration and whose biopstes were
mterpreted as showmg chronic synovitis  On re examination

78
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represent examples of vartous other types of arthntis The micro-
scopte changes were vanable, as were the climeal histories of
these cases, but 1n general they were consistent with a very
mild degree of chromc mflammation The usual findings were
shght villous hypertrophy, fixed cell proliferation and Iympho
cytic mnfiltration

Few studies on traumatic fluids have been reported by other workers
Non hemorrhagic and hemorrhagrc fiuids have not in general been connidered
separately Rostock™ found variations in intra articular pressure from 125
to 700 mm of fhud m 9 acute t 1c eff d with mtra
articular fractures In 35 hemorrhagic traumatic effusions not associated with
intra arhicular fractures the pressures vaned from 0 to 600 The range i
chrome traumatic effusions was from 0 to 340 Ranke™ reported pressures
of 151020 cm of mercury with an average of 9 cm 1n hemorrhagie effusions

The cytological findings of the present series are similar to those found by
Julliard™ (8 cases) and by Collms™ (3 cases) but the total leuhocyte and
polymorphonuclear counts are 1 general lower than those of Shands™ (4
cases), Kling™ (88 cases), heefer™ (2 cases) McEwen™ (2 cases) and
Husch® (5 cases) The height of the total Jeukoeyte and polymorpho
nuclear counts which reached 12 000 per cu mm and 94 per cent 1 some
of the fluds of the latter four series suggests that the joint effusions were
not due to trauma alone

Reports vary concerning the relation between the pH of the synovial fluid
and the duration of the effuston Lasch™ mn 10 cases found values varyng
from 7 39 m effusions of 2 days duration to 791 at the end of 1 year after
mjury On the other hand Beck and Lauber” noted pH values of 723 and
717 n 2 flnds taken 2 days and 3 weeks after mjury values which changed
to 6 80 and 6 86 respectively 2 days after the onigmal aspirations Waugh™
found an average pH of 5 65 1n 20 traumatic effusions 24 hours after myury
changing to 595 on the following day and reaching 7 7 on the seventh day
Coppo and Levi® observed values of 7 67 and 794 m traumatic effusions
but did ot state the duration of the effusions

The chemical findings of Collns® m 5 traumatic effusions agree m most
respects with those of the present series The amount of fud varied from
12 t0 40 cc  the total protem including mucin from 8 25 to 3 35 per cent
the sugar from 68 to 97 mg per 100 cc and the viscosity from 2 8 to 112
Kulonen™ m 9 flmds found viscosities ranging from 15 to 16 6 and
2 fluids noted freezing pomts of 550 and 607 C In 1 fwd Ragan™ found
a viscosity of 138 In 27 fluds Sundblad™ reported vanations i the
amount of fluid from 15 to 85 cc  an average mtrnsic viscosity of 410 an
average total protem content of 442 gm per 100 cc and an average con
centration of hyalurome acid of 0 101 gm per 100 cc Kling™ i 88 cases
Cted e o oo o v ange rom 10 193 Powny=

m traumatic fluids 15 25 per cent
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or after aspwration Davies,® however, stated that blood shed
mnto normal or pathological joints clots very readily

Hemorrhagic traumatic effusions of under 3 months duration
offered mteresting companson with non hemorthagic traumatie
fluids of smmlar duration The total nucleated cell and absolute
polymorphonuclear counts were shightly lngher m the 26 hemor-
rhagic flurds with averages of 1,540 and 815 per cu mm There
were a marked mcrease mn the erythroeyte count and, 1 many
mstances, a high icteric index The sugar concentration mn the
majonty of the hemorthagic effusions was decreased m contrast
to other traumatic flmds, presumably because of the mereased
glucolytic enzyme content previously mentioned The average
concentration of total protein was the same as that mn the non
hemorrhagic fluids The relative mncrease in globulin was greater
than that of albumin as would be expected, so that the albumin/
globulin xatio averaged 2 8 1n contrast to 48 The viscosity vaned
markedly but covered essentially the same range as that of the
non hemorrhagie flusds Although the mucin concentration vaned,
it averaged much less than that of the non hemorrhagie fluds
(0050 gm mtrogen and 0 019 gm glucosamine per 100 cc ), and
the mucn precipitate with acetic acid was less cohesnve

The relatively lugh concentration of protem and low concen
tration of mucin 1n hemorrhagse fluids are probably due to the fact
that the effusion 15 formed partly by dwect flow of blood mto the
jomt Under such conditions less mucn 1s carned mto the jomt
from the surrounding tissues Although the lower content of mucmn
rmght be due to destruction of mucin by an enzyme carried
with the blood this explanation 15 unbikely, since no such enzyme
has been demonstrated in blood *7° Furthermore, the relatonshsp
of mucn concentration to viscosity m these fluids indicates that
there 1s very Iittle degradation of the mucm

It 15 apparent that hemorrhagic flusds resemble other traumatic
flmds except for the changes directly related to the mcreased
content of blood

Histological exammations of synovial tissue from  traumatic
arthritis were limited to lesions of more than 8 months duration
and mcluded 5 examples with non hemorrhagic and 2 with hemor
rhagic effusions As stated above 1t 15 probable that effusions that
persist for more than 3 months are not due to trauma alone but



GROUP 1, TRAUMATIC DISEASES 83

of osteochondromntosis 1n tlus series were only shght The flud
was clear, did not clot and was extremely viscous Total nucleated
cell count was only shightly above normnl, averiging 507 per cu
mm, avernge absolute polymorphonuclear count was only 5
The flud sugar 1n the 1 case m which 1t was determined was 93
mg per 100 cc compared with 101 mg 1n the serum The average
total albumm and globulin concentration was also only shghtly
above normal (22 gm per 100 cc ) and was a much lower value
than that of traumatic fluds The extremely high mucin content,
on the other hand, averaging 0166 gm mtrogen and 099 gm
glucosamine per 100 cc, was much greater than the average for
normal human flnd and higher than that in any other type of
jont disease (sce p 56 for discussion) The viscosity was cor-
respondingly high, wath an average of 580 at 88° C The mucin
precipitated with acetic acid as a ropy clump with clear surround-
mg solution

The findings n these cases mdicate that there 15 only very shght
mflammation 1n osteochondromatosis

Synovial tissues removed at biopsy m 5 cases showed shght
evidence of inflammation with scanty lymphocytic mfiltration
The most charactenstic changes were villous hypertrophy with
many foc1 of cartilaginous metaplasia contaimng areas of calei-
fication and cancellous bone formation There were also occa-
sional small superficial patches of fibrin like matenal and foa
of mucoid change of the connective tissue

NEUROARTHROPATHY (CHARCOT JOINTS )

The marked degenerative changes, jomnt destruction and loss
of pain sense that occur i Charcot jomnts afford an excellent basts
for the development of traumatic effusions One or more jomts
may be involved and as a rule they are pamnless and not red,
warm or tender Effusions usually are large and frequently persist
for years

Of the fluds mn this series, 81 were from Charcot joints associ-
ated with tabes dorsalis and 1 was secondary to synngomyelia
There was no essential difference between the latter flmd and
those from syphiliic patients Fluds from Charcot Jjomnts were
very sumilar to traumatic fluds They were either clear or hemor-
thagic and did not clot The mtra articular pressure varied from
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s

Scapu™ 1n 1 case and Coppo and Lewvi 1 2 cases found caloum of 109
mg per 100 ce phosphorus of 24 and 3 1 mg per 100 cc  magnesium of
27 mg per 100 ce, potassium of 29 mg per 100 ce  chlonide of 719 mg
per 100 cc protem of 58 gm per 100 cc and a viscosity of 19 Schurch
Violker and Sullmann™ reported that the albumin/globulin ratios 1 trau
matse flusds were the same as those of the corresponding sera but the con
centration of alpha 2 globulin was lower sn the flwid than n the serum O
hagen™ found the relative distnbution of proteins 1 traumatic fluds about
the same as m the plasma with shghtly higher concentrations of albumun
and gimma globulin m the flwd In hemorthagic effusions resultng from
moderate or severe injunes Efskind® found a delayed absorption of pera
brodil and of inchgo carmine from the jounts

OSTEOCHONDRITIS DISSECANS

Effusions occur frequently in osteschondntis dissecans Involve
ment 1s usually lumted to one jomt, most commonly the knee but
may be bilateral, as mn 1 case mn this senes The jomts usually
are not red, warm or tender

The 10 flwds 1 this seres were essentially the same as trau
matic flnds They were clear or shghtly turbid nd usually
formed only a small clot on standmg The average total nucleated
cell count (750 per cu mm ) and percentage of polymorpho
nuclears (9) were 1n the same ringe as those of traumatic fhuds
‘The sugar concentration 1n the 2 fluids exammed was 88 and 101
mg per 100 ce The average total albumn and globuln concen
tration (38 gm per 100 cc ) and the globuln fraction (08 gm
per 100 cc ) were essentially the same as those of traumatic fluids
The mucin mtrogen concentration m the 2 fluids examined was
higher and the mucin glucosamne content m 1 flwd was lower
than those of traumatic ¢ffusions The mucin precipitate was ropy
with a clear solution The average relative viscosity was 23

The findings 1n fluids from osteochondrtis dissecans mdicate
only shght mnflammation

Synovial tissues m the 1 case exammed, also showed only
shght change from normal Scanty mfiltration with lymphocytes
and histoeytes was the prncipal abnormahty

OSTEGCHONDROMATOSIS

Effusions are not uncommen in osteochondromatosis Only one
jomt 15 svolved and st 15 not red warm or tender

The abnormahises found 1n the synovial flmds from the 8 cases
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Synovial tissues 1n 5 cases showed active fixed cell prohferntion
with marked hypertrophy of villk and fibrosis but relatively mild
focal nfiltration of lymphocytes Focal deposits of hemosidenn,
fibnn like maternal, ealerum and eartilgimous or bony metaplasia
were common

1 1

Low nucleated cell counts and/or low 1 of polymorp
cells were found nlso by Dufour™ (1 case) Abadie' (8 cases) McLwen™
(1 case) and Collns™ (1 casc), occasional higher counts were reported by
Pewny™ (17,000 cells per cu mm 1n 1 case) Shands™ (up to 12 000 cells
m 10 cases), heefer™ (18 350 cells in 1 of 8 cases) and Rling™ (up to
260 000 cells 1n 6 cases) The explanation of such high counts 1s not ap
parent

Few chemical studies have been made Keefer'™ found proten contents,
including mucin ranging from 84 to 40 per cent 1n 3 cases Achard and
Prettre’ 1n 1 case have reported a mucin content of 41 8 gm , a fibnin content
of 142 gm and a Lipid level of 046 gm per 1000 cc (It seems probable
that the acetone precipitate of mucin contamned protemns m addition to those
combined with the polysacchande ) Scapmt™ 1 1 case and Coppo and
Levi* 1n 8 cases found cal 10n: from 605 to 1063
mg per 100 cc phosphorus from 25 to 29 mg per 100 cc  magnesium
from 15 to 27 mg per 100 cc, potassium from 13 8 to 289 mg per 100
cc chlonde from 834 to 940 mg per 100 cc, pH from 7 65 to 8 14 protemn
from41to4 4 gm per 100 cc and a viscosity of 1 65

Other workers have found that the Wassermann reaction i cases of Charcot
jomts 15 not consistently the same 1n serum and in flmd as shown i the
table below In Poehlmann s™ case the blood and flud Wassermann reac
tions were both posiive but the fluid reaction was weaker

Wassermann Reaction mn Serum and Flud

No of fluids Result of Wessermann
Total no mn which serum and reaction
Investigator of cases fluid differed Serum. Flud
Chesnex““ 2 1 Negative Postive
Shands’ 4 2 Positive  Negative
mer‘“ 2 2 Posiive  Doubtful
g 6 1 Posiive  Negative

DEGENERATIVE JOINT DISEASE
The relatve infrequency of effusions m degenerative jomt
disease 1s 1n accord with the pathologeal findings Apparently the
mbal and fundamental change occurs 1n the articular cartilage,
and consusts of degenerative changes mamfested by surface uregu-
lanties, swelling and fibnllation of matrix and abnormal cluster-
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180 to 300 mm of flmd The total nucleated cell count m this
sentes was normal (below 180 per cu mm ) m 7 of the 32 flmds
and below 500 1n 14 other flmds The percentage of polymorpho
nuclears was normal m 16 out of 31 of the flmds Seventeen
of the 32 fluids were grossly bloody or xanthrochromie, mdicating
that hemorrhage 15 common m neuroarthropathy, as deseribed by
Dufour,’™ Abadie,* Henderson,® Shands'®* and Kling 1**

The sugar concentration was essentially the same as that of
other fluxds of Group I, averagmg 81 mg per 100 cc m com
parison with an average of 92 mg per 100 cc m the serum The
average lactate content 1 2 flurds was 18 mg per 100 cc compared
with 15 mg wn the serum

The average total alburmn and globulin concentration was the
same as that of traumatic fluds, ranging from 18 to 51 gm per
100 ce, although the variations from case to case were much more
marked Two of the highest protemn concentrations were m 2
flmds from a patient who had areas of cellubtis near the jont
affected, 1t can be assumed that the synovial tissue was myalved
1 the mflammation The globulin concentration averaged slightly
higher than mn other Group I fluds, with an average albumin/
globuln ratio of 22

The mucin concentration also vaned sumilarly, but the average
(0068 gm mtrogen and 0046 gm glucosamme per 100 cc)
was below that of triumatic fiinds The mucin precipitate with
acetic acid was a ropy clump 1 clear solution 1n 15 cases, and
less cohesive with shightly cloudy solution 1 the other 9 fluids
exammed Viscostty vaned markedly, rangmg from 27 to the
exceptionally high value of 228, with an 1verage of 31 at 38° C
(see p 56 for discussion) The lowest viscosity (27) was that
of a fimd obtamed from the pahent with areas of cellulitis near
the jomt

The Wassermann reaction m the flud from Charcot jomts was
the same as that of the serum m 8 of the 8 cases i which both
were tested (In 1 other case in which the reaction was positive
1 the flmd, the serum Wassermann was negative, but the Hiton
was positive ) In 6 of the fluids, the reaction was negative

Thus the findings i Charcot jomts are 1n general accord with
the fact thit there 15 no marked mflammatory process m the
membrane
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Synovial tissues n 5 cases showed active fived cell proliferition
with marked hypertrophy of villt and fibrosis but relatively mild
focal méltration of lymphocytes Focal deposits of hemosiderm,
fibrin Iike material, caleium and cartilaginous or bony metaplasia
were common

1

Low nucleated cell counts and/or low per ges of polymorpt
cells were found also by Dufour™ (1 case), Abadie* (8 cases) McEwen™
(1 case) and Colhins® (1 case), occasional higher counts were reported by
Pewny™ (17 000 cells per cu mm 1n 1 case), Shands™ (up to 12000 cells
m 10 cases), heefer™ (18850 cells 1n 1 of 3 cases) and hling™ (up to
260000 cells 1n 6 cases) The explanation of such high counts 1s not ap
parent

Few chemical studies have been made heefer™ found protein contents,
mcluding mucin ranging from 34 to 40 per cent 1n 3 cases Achard and
Prettre m 1 case have reported a mucin content of 41 8 gm  a fibnn content
of 142 gm and & imd level of 046 gm per 1000 cc (It scems probable
that the acetone precipitate of mucin contained protems n addition to those
combined with the polysacchande } Scapi™ in 1 case and Coppo and
Levi® n 8 cases found cal ation. from 603 to 1065
mg per 100 cc phosphorus from 25 to 29 mg per 100 cc magnesium
from 15 to 27 mg per 100 cc potassium from 13 8 to 289 mg per 100
ce, chlonde from 834 to 940 mg per 100 cc, pH from 7 65 to 8 14 proten
fromd41to 44 gm per 100 cc and a viscosity of 1 65

Other workers have found that the Wassermann reaction 1 cases of Charcot
Jonts 15 not consistently the same in serum and in flmd as shown m the
table below In Pochlmanns™ case the blood and flud Wassermann reac
tons were both positive but the fluid reaction was weaker

Wassermann Reaction 1n Serum and Flwmd

No of fluids Result of Wassermann
Total no 1n which semm and reaction
Investigator of cases Auid differed Sem Fhad
Chemez: 2 1 Negative Positive
ihands 4 2 Posiive  Negative
kidef.“ 2 2 Posiive Doubtful
og 6 1 Posihve Negatne

DEGENERATIVE JOINT DISEASE

The relative mfrequency of effusions m degenerative jomt
disease 1s 1n accord with the pathological findings Apparently the
mnitial and fundamental change occurs m the articular carhlage
and consists of degenerative changes mamfested by surface wrregu-
lantes, swelling and fibrillation of matnx, and abnormal cluster-
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mg of cartilage cells Subsequently there 1s mncreasing destruction
of cartilage and gvergraw th of bane at the capsular attachments
As these changes procced, the mechanics of the jomnt become
poorer and even normal use may cause trauma with some degree
of synovitis When effusions occur, they are rarely Jarge and are
often mconstant As 2 rule, they are produced by excessive use
of the jonts, though occasionally they are caused by acute trauma
Involved joints are not red or hot, and although there may be
some tenderness, this usually 15 not marked

Fluds from degenerative joint disease are essentially the same
as traumatic fluds They are clear, very viscous and do not clot
The average nucleated leulocyte count (720 per cu mm ) and
the percentage of polymorphonuclears m the 18 fluds of thy
senies were mn the same range as 1 triumatic fluds The total
concentration of alburmn and globuln (26 gm per 100 cc ) and
the albumin/globulin ratio (48) were also approumately the
same as those of traumatie fluds The average concentration of
muem {0095 gm mtrogen and 00358 gm glucosamune per 100
ce ) was essentially the same as that of traumatic flmds It pre-
cipitated as a ropy clump m a clear solution except m 2 flnds m
which the solution was shghtly cloudy The relative viscosity
(rangng from 13 to 78 at 38° C ) was somewhat lugher than that
of traumatic flids Thus does not suggest that a loss of lubneating
power 1s 2 factor i the production of the cartilage changes n
this disease In fact, one of the highest viscostties of fluds ex-
ammned 1n this laboratory was that of 1,285 in flusd obtamed post
mortem from a patient with marked degenerative changes but
no effusion 1n the knees (the patient died at the age of 81, follow-
mg perforation of the gall bladder) By teleological reasomng
such an extremely high mucmn content would suggest ncreased
production of mucin 1n an attempt to provide better lubrication
for damaged articular surfaces (See p 58 for a discussion of
mechamsms which may produce ligh mucin concentrations )

Fluds from 11 cases of degenerative jomt disease secondary
to other jomnt abnormahties (such as congemtal malformation
of the hip) showed essentially the same changes as these from
prumary degenerative jomt disease

The similanty of fwds from degenerative jont disease and
those from traumatic arthritts 15 compatible with the hypothesis
that synovitis assoctated with degenerative joint disease represents
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reaction to the triumn resulting from the use of mechanically
poor jomnts

Histological exaumimition of the synovial tissues m 12 cascs
revealed shght diffuse and focal infiltration of lymphocytes, and
occasional plasma cells and histiocytes In 1 few cases the nfiltra-
tion was more mathed Villous hypertrophy and diffuse fibrosis
were present in varying degrees These changes were sumilar to
those found 1n so called traumatic” effusions of over 3 months
duration (p 78)

The ecarliest report of the charactenstics of fluid 1n degencrative jomt
disease was that of Hoppe-Seyler in 1872® In 2 cascs he found yellowish
alkaline clear very wiscous stringy fluid The mucin concentration was
23 per cent, the albumin 20 per cent, total solds 573 per cent Subse
quent 1nvestigators®™ ™ ** 1 3 1% haye reported vanied eytological findings
Total leukocyte counts ranged from 200 to 11 000 per cu mm , with 0 to 88
per cent polymorphonuclears In the majonty of cases the absolute poly
morphonuclear count was 1n the range of the present series On the basis
of our data total counts above 6 000 or absolute polymorphonuclear counts
above 500 would suggest that other jomt disease was superimposed on the
degenerative disease kling s report covers 46 cases of “ostecarthntis but
meludes cases with evid of “acute nfl ion some of which had
hugh sedimentation rates Some of his figures therefore do not apply to
uncompheated degenerative joint disease

Studies of ph 1 and c} 1 ¢k 1stics are meager The intra
articular pressure m 2 cases studied by Rostock™ was m the same range
as that of vanious traumatic effusions (0 to 300 mm of fuid) There have
been reports of values of pH from 73 to 78 * viscosities from 6 to
102%™ ™ sygar from 95 to 100 mg per 100 cc ® calaium from 81 to
14 mg per 100 cc *™ unc acid from 27 to 59 mg per 100 cc ™ 1cterc
mdex from 21 to 46 ™ protemn contents from 83 to 37 per 100 cc™
and hyalurome a2cid of 0146 gm per 100 cc™ A relatve viscosity of 6

fi\llsggests that other jomt disease was supermposed on the degenerative jomt
ease

*A caleium content above that of the serum 15 very unusual and has been found
in our senes only ;n 3 patients who had rheumatoid arthnitis and vitamm D
ﬁg;s?l‘r:g and 1 2 patients who had diseases that could not be defimitely diag
cas:s lhm ﬂfel‘li m the group of generalized connective tissue diseases In all these
o ca‘me u(lf was milky or pasty and on analysis contamed hugh concentrations
% n.‘um ri)m 124 to 859 mg per 100 cc) and phosphorus (from 92 to
the 8 g Del'f 00 cc } with calerum/phosphorus ratios of ly 20 In
il lf;i!se}sﬁch vitamin D poisoning there was n addition a white granular sed:
in am;V c} i{\e ratio of caletum to phosphorus was much higher {approumately
bursa entwely unlike that of bone In materal from an nflamed subacromral

e caleium concentration was 139 mg per 100 cc  but the equlibnum

between burs
$10n of buss : ;n(} ;g;um differs from that between jomt and serum (see discus
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ing of cartilage cells Subsequently there s mcreasmg destruction
of cartilage and overgrowth of bone at the capsular attachments
As these changes proceed, the mechanics of the jomt become
poorer and even normal use may cause trauma with some degree
of synovitis When effusions occur, they are rarely large and are
often nconstant As a rule, they are produced by excessive use
of the jounts, though occasionally they are caused by acute trauma
Involved jomnts are not red or hot, and although there may be
some tenderness, this usually 15 not marked

Fluds from degenerative jomnt disease are essentially the same
as traumatic fluds They are clear, very viscous and do not clot
The average nucleated lenkocyte count (720 per cu mm ) and
the percentage of polymorphonuclears in the 18 fluds of this
series were n the same range as m traumatic flmds The total
concentration of albumin and globulin (26 gm per 100 cc ) and
the albumin/globulin ratio (48) were also approximately the
same as those of traumatic fluds The average concentration of
mucmn (0095 gm mtrogen and 0058 gm glucosamine per 100
ce ) was essentially the same as that of traumatic flnds It pre-
cipitated as a ropy clump m a clear solution except in 2 flmds m
which the solution was shghtly cloudy The relative viscosity
(ranging from 18 to 78 at 88° C ) was somewhat higher than that
of traumatic flids This does not suggest that a loss of lubricating
power 15 a factor m the production of the cartilage changes m
this disease In fact, one of the highest viscosities of flmds ex-
ammed 1 this laboratory was that of 1,285 1n fluiid obtained post
mortem from a patient with marked degenerative changes but
no effusion 1n the knees (the patient died at the age of 81, follow-
mg perforation of the gall bladder) By teleological reasomng,
such an extremely high mucin content would suggest mcreased
production of mucin n an attempt to provide better lubneation
for damaged articular surfaces (See p 56 for a discussion of
mechanisms which may produce lugh mucin concentrations )

Tlwuds from 11 cases of degenerative jomnt disease secondary
to other jomnt abnormalties {such as congemtal malformation
of the hip) showed essentially the same changes as those from
primary degenerative jomnt disease

The smmlanty of flmds from degenerative jont disease and
those from traumatic arthritis 1s compatible with the hypothesis
that synovitis as ociated with deg 1tive jomt disease represents
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reaction to the trauma resulting from the use of mechamenlly
poor joints

Histological exumination of the synovial tissues 1n 12 cases
revealed slhight diffuse and focal infiltration of lymphocytes, and
occasional plism cells ind histiocytes In a few cascs the nfiltra-
tion was more marhed Villous hypertrophy and diffuse fibrosis
were present 1 varying degrees These changes were sumilar to
those found 1n so called “traumatic’ cffusions of over 38 months’
duration (p 78)

The earhest report of the charactenstics of fluid in degeneratve jomnt
disease was that of Hoppe Seyler 1n 1872* In 2 cases he found yellowish,
alkalme clear very wiscous stringy flud The mucin concentration was
23 per cent the albumin 20 per cent total solids 573 per cent Subse-
quent mvestizators® ® * * "' haye yeported varted cytol 1 finding:
Total leuhocyte counts ranged from 200 to 11,000 per cu mm with 0 to 88
per cent polymorphonuclears In the majonty of cases the absolute poly
morphonuclear count was 1n the range of the present series On the basis
of our data total counts above 6 000 or absolute polymorphonuclear counts
ahave 500 would suggest that other jomnt disease was supenimposed on the
degenerative disease Rlings report covers 46 cases of osteoarthnbis” but
meludes cases with evidence of “acute inflammation ” some of which had
hgh sedimentation rates Some of us figures therefore do mot apply to
uncomplicated degenerative jomnt disease

Studies of physical and chemucal charactenistics are meager The mntra
articular pressure m 2 cases studied by Rostock™ was m the same range
as that of vanious traumatse effusions (0 to 300 mm of fAlmd) There have
been veports of values of pH from 73 to 78™ ' viscostues from 6 to
102% * % sugar from 95 to 100 mg per 100 cc * caleum from 81 to
14 mg per 100 cc *™* unc acid from 27 to 59 mg per 100 cc ® ictenc
mdex from 21 to 4 6™ protem contents fram 33 to 37 per 100 cc™
and hyalurome acid of 0146 gm per 100 cc™ A relative viscosity of 6

suggests that other joint disease was supenmposed on the d
disease

e joint

°A caleium content above that of the serum 15 very unusual and has been found
n our series only m 3 panents who had theumatoid erthnbis and vitamm D
posomng and 1 2 patients who had diseases that could not be defintely diag
nosed Lut fell m the group of genesalized connective tissue diseases In all these
u:seslthe flwd was milky or pasty and on analysis contamed high concentrations
of calowm (from 124 to 359 mg per 100 ce ) and phosphorus (from 92 to
}f4mg per 100 ce } with call hosph ratios of ly 20 In
m:n {ti mase}su a}f1 vitammn D poisoning there was 1 addition a white granular seds
o ;: dw cl '.]he ratia of caleum to phosphorus was much higher (approximately
o d enu‘xe y unlike that of hone In matenal from an mfamed subacrommal

ursa the calelum concentration was 139 mg per 100 cc  but the equilbrium

between bursa
bt bu:ac ;ndl 2:51)'um duffers from that between jomt and serum (see discus
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SUMMARY OF FINDINGS IN GROUP I FLUIDS

It 15 apparent that the fluids 1n Group I show relatively shght
changes from normal In general, the amount of flud 15 increased
but the umt concentration of nucleated leuhocytes and the
absolute number of polymorphonuclears are only shghtly above
normal The total concentration of albumin and globulin 1s 1
creased but remains below 5 gm per 100 cc, and the albumm/
globuhin ratio remains above 140 The concentrations of sugar
and of mucin, except 1 osteochondromatosis, tend to be normal
or only shghtly lowered The viscosity 1s somewhat reduced except
1 osteochondromatosis, but muemn precipitates normally
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Findings in Flnds Resembling Both Groups
n Some Respects

TrE changes in fluds obtaned n cases of hypertrophic pulmonary
osteoarthropathy, hemophuha, dissemmated lupus erythematosus,
gout, theumatic fever, arthnus due to hypersensitivity, erythema
nodosum, hemorrhagic villous synovitis and tumors are more
marked than those of Group I flmds, 2s will be shown In general,
however, these fluids are not so abnormal as those of Group 1T
(Figures 5, 6, 9, 10, 11, 12, 14, and chart at back of book )

HYPERTROPHIC PULMONARY OSTEOARTHROPATHY

The synowial tissues are occasionally mvolved i hypertrophic
pulmonary ostecarthropathy Effusions may occur and persist for
the duration of the disease The joints are pamnful, but usually not
red, hot or tender

Most of the findings mn fluds from hypertrophic pulmonary
osteoarthropathy are sumlar to those m traumatic flmds The
fluds are clear and viscous, but, 1 contrast to traumatic fimds,
they usually clot The wtra articular pressure m this series vaned
from 0 to 150 mm of flud The average nucleated leukocyte count
m the 6 fluids was only shghtly lgher than that of traumatic
fhuds (1,830 per cu mm ), and the percentage of polymorpho-
nuclears yemamed low (15 per cent) The sugar content was
essentially the same as that of the serum The total concentration
of albummn and globulin was m the same range as that of traumatic
flwds, although the albumin/globulin ratio was lower in the
fluids from cases of osteoarthropathy (21) The mucin concen-
tration also tended to be lower than in traumatic flnds with a
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Jower viscosity (15) The mucin precipitate was ropy m 1 case
but soft 1n 2 other fluids, solutions were relatwvely clear
Summation of the findings 1n these fluds indicates shghtly
greater wnflammation than n the traumatic jomts
Histological exammation of synovial tissues from 2 cases dis
closed shight to mmimal infiltration of lymphocytes, plasma cells
and histiocytes, some hyperplasia of synovial cells, and fibrosis

HEMOPHILIC ARTHRITIS

The jomt effusions of patients with hemophihia result from
bleeding into the articular space They are reabsorbed slowly
and, when repeated hemorrhages occur, often persist for weeks
or months At the onset, the jomts are usually marhedly swollen,
pamnful, warm and tender

The fluuds are grossly bloody but do not clot The total Jeuko
cyte counts of the 5 flmds of this series averaged 5,320 per cu
mm , with an average of 88 per cent polymorphonuclears The
concentration of sugar was shghtly below normal The average
total albumm and globulin concentration was relatvely high,
594 gm per 100 cc, but the average globulin was only 18 gm,
with a resultmg albummn/globuln ratio of 24 The average
relative viscosity was 21 at 38° C The average mucin content
(0041 gm mtrogen per 100 cc) was shghtly lower than the
average for hemorrhagic traumatic flnds The mucin precipitate
was ropy 1n 1 case but formed only shreds i 2 other fluds

The findings in hemophilhe fluds indicate somewhat more
marhed mflammation than 1s reflected 1n the majonty of Group
1 fluids The reaction 1s comparable to that found by Key* after
repeated ntra articular mjections of blood 1nto rabbits jomts

SCURVY

Jont effusions m scurvy occur presumably as a result of bleed-
g mto the joint

The 1 flmd m this series from a patient with scurvy was bloody
and did not clot The total leukocyte count was 300 per cu mm
with 4 per cent polymorphonuclears The erythrocyte count was
1,040,000 The sugar content was 75 mg per 100 cc compared
with 83 mg i the serum The mucm precipitate was soft m a
clear solution, and the viscosity was 96
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Scapmi™ in 1 case of scurvy found n chloride content of 869 mg per

100 ce., phosphorus of 28 mg per 100 cc, calcium of 119 mg per 100 cc,

potassum of 294 mg per 100 cc and magnesium of 31 mg per 100 cc

Coppo and Lew1® in 1 casc reported a protein content of 21 gm per 100 cc
and a pH of 8 23

LUPUS ERYTHEMATOSUS DISSEMINATUS

Jomnt effustons occur 1n lupus erythematosus dissemimatus but
are relatively uncommon and often of small size Only occasionally
are the joints red, hot or acutely tender

The fluids may be clear or turbid, are usually very viscous and
do not clot The average nucleated leuhocyte count m the 21
fluds of this series was higher than that of traumatic flwmds
{2,860 per cu mm }, but the polymorphonuclears remaied very
low (5 per cent) 1n lupus effusions ® It 1s interesting that other
body fluds (pencardial, pleural) from patients with this disease
also show very low absolute polymorphonuclear counts, 1n fact,
they often contamn no polymorphonuclears Simlarly, there 1s
usually a leuhopenia and an abnormally low percentage of poly-
morphonuclears 1n the blood The average concentration of sugar
was 75 mg per 100 cc, with an average serum sugar of 97 mg
per 100 cc The average total albumm and globulin concentration
was even lower than that of traumatic fluds, but the globulm
concentrabion was somewhat hugher, resulting 1 a relatively low
albumin/globuln ratio (13) The concentration of mucin mtro-
gen, on the other hand, averaged higher than that of traumatic
fluds, with 2 lngh average viscosity of 149 at 88° C The mucin
glucosamine concentration, 0059 gm per 100 cc, however, was
lower than that of traumatic imds The mucin precipitated well
m a firm, ropy clump with a clear solution

These fluds resemble traumatic flds 1n most respects, but the
shightly higher leukocyte count and the higher globulin are indica-
tive of more severe inflammation The ahsence of polymorpho-
nuclear response and the high concentration of undegraded mucin
are charactenstic

Histological examination of the synovial tissues 1n 6 cases showed
minimal to moderate chrome synovitis with superficial fixed cell
proliferation and nfiltration of lymphocytes plasma cells and

°Socalled L E_cells have been found
cent) mn only 2 fluds from 1 ;:Ue:fn wnd (om concentratons of 2 and 8 per
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larger mononuclear cells There were also occasional thin super-
ficial patches of fibrnin ike matenal In 2 cases there was necrotiz
mg nflammation of small blood vessels with frequent fibnn
thromb:, fragmentation of neutrophuls and occasional ‘hema
toxylin bodies One of these lesions also showed some increase
mn fantly stamming hematoxylinophilic ground substance

Gout
Reaction to the deposition of urates in articular tissues 15 pre
sumed to explain the frequent occurrence of effusions mn gout
Such effusions are often very large, but usually subside within
a few days Several joints may be mnvolved at the same time In
the acute attack, the jomts are red, hot and acutely tender The
swelling 1s marked, extending well beyond the hmats of the jomts
The changes mn fluds from gout are somewhat greater than
those 1n typical fluds of Group I and resemble Group II fluds n
many respects The fluds are turbid and not very wiscous and
usually form farrly large clots The ntra articular pressure m this
sernes vaned from 0 to 420 mm of fld The total leukocyte count
and the percentage of polymorphonuclears 1n the 24 fluds were
considerably higher than those of traumatic fluds, averaging
13,317 per cu mm and 71 per cent respectively Concentrations of
sugar and of unic acid however, were essentially the same m
serum and flmd In 1 of 20 flmds the sugar concentration was very
low (15 mg per 100 cc ) The lactate content in this flmd was
97 mg per 100 cc compared with 22 mg 1n the serum In 3 other
flmds the average concentration was 81 mg per 100 cc with 29
mg m the serum The total albumm and globulin concentration
was approximately the same as that of traumatic flds and some-
what lower than the average for fluids of Group II The globuln
fraction was relatively low, with a resulting average albumm/
globulin ratio of 18 The average viscosity was 17 at 38° C The
average mucin concentration was lower than that of normal or
traumatic fluds The mucm precipitated usually very poorly n
shreds with cloudy solution, though in 7 fluids the precipitate
was ropy and the solution clear
The findings m gout indicate moderately severe inflammatory
changes
Histological examination of synovial tissues discloses an inflam-
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matory, prohferative reaction As described by Bennett,'* the
articular tissues are progressively destroyed by the increasing
amounts of urates that are deposited and by the chromic inflamma-
tory and foreign body reaction that accompanues their deposition

Rlng™ has reported on synovial fluid from 4 cases of gout The white
count varied from 1 600 to 13 600 per cu mm wath polymorphonuclears from
65 to 78 per cent Burman® found une acid concentrations of 63 and 62
mg per 100 cc corresponding to 67 and 56 mg 1n the blood The une
acid 1n Rling's flmds vaned from 4 1 to 85 mg per 100 cc Our results do
not support his finding that the concentration of unc acd in the flud 1s
sigmficant]y hgher than that of the blood during an acute attack of gout
(see table p 65) Such an elevation of the concentration of a diffusible
substance 1n the fld would not be expected 1n view of the evidence ndi
cating ready duff 1n both d between blood and flud

RHEUMATIC FEVER

Effusions 1n theumatic fever occur usually in one or a few joints
at any one tume and ordmanly last only a few days The jomts
are moderately swollen and may be very tender, red and hot
The findings 1n the flinds vary markedly, but, in general, are more
like those 1n Group I than m Group 1T

The flmds are usually viscous and only shghtly turbid Many
of them clot, especially 1f the effusion 15 of only 1 or 2 days
duration The 1ntra articular pressure 1 this series ranged from
0to 150 mm of flmd The total nucleated leuhocyte count m the
20 flmds varzed from 800 to 98,200 per cu mm , averaging 17,820
and the percentage of polymorphonuclears from 2 to 98, with
an average of 50 Both tended to be ugher mn effusions of short
duration (1 to 2 days) Polymorphonuclear cells usually pre-
domimated dunng the first 2 or 8 days of the effusion but were
then replaced by monocytes and clasmatocytes and eventually by
lymphocytes (see Table III) The concentration of sugar was
essentially normal, averaging only shightly lower than that of the
serum The lactate content of 1 flmd was 15 mg per 100 cc com-
pared with 20 mg 1n the serum The average total albumin and
globulin concentration was 374 gm per 100 cc, approumately
the same as that of Group I flmds The albumin/globulin ratio
remamned high with an average of 31 The muein concentration
(0108 gm mitrogen and 0093 gm glucosamime per 100 cc ) was
approumately the same as that of normal and traumatic flmds
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and higher than that of Group II fluds The average viscosity
(22 at 88° C ) was correspondingly higher than that in Group II
In 10 of 18 cases the precipitate with acetic acid was ropy and
the surroundmng solution clear, 1 contrast to the precipitate ob
tamed from rheumatoid effusions, which 1 most cases broke up
mto small pieces or appeared merely as a cloudy solutien

Although these findings resemble, 1n general, those found 1n
mild cases of theumatoid arthritis (see p 112), the changes are
more like those 1n the fluds of Group I than those 1 Group IX

Histological examination of the synowial tissues, as descnibed by
Collins,** reveals at the height of the acute inflammation, marked
edema and dilatabon and engorgement of blood vessels In this
acute stage, moderate infiltration with lymphocytes and neutrophil
polymorphs 1s found, especially toward the surface Later, poly
morphs tend to disappear, as in the synovial flmd, lymphocytic
mvasion 1s more notable, and focal areas of fibrinoid degeneration
with moderate proliferation of histiocytes and fibroblasts are
found

McEwen™ 1n a study of 40 rheumatic fever flurds found similar vanations
with total nucleated cell counts of 800 to 47,600 per cu mm and percentage
of polymorphonuclears from 2 to 98 He noted a tendency toward higher
counts m the first 7 days of effusion and an increasmng number of polymor
phonuclears when the arthnitis was m sevemy pecially m
patients under 20 years of age A gradual rep of p h )
by monocytes and clasmatocytes and eventually by lymphocytes comparab]e
to that n the present series was noted by McEwen™ and Labor and von
Balogh™ keefer Myers and Holmes ™ Colins® ® and Labor and von Ba
logh™ found total counts varying from 1000 to 50 000 with polymorpho
nuclears from 83 to 97 per cent Achard and Loaper‘ reported 4 cases 1
which the cells were again almost exel ly p h )} Reefer
Myers and Holmes™ reported total protem concentrahons {including
mucin) of 20 and 47 per cent Beck and Lauber® found a pH of 6 86 1n
1 case while Boots and Cullen® 1n 16 fluds found vanations from 727
to 742

ARTHRITIS DUE TO HYPERSENSITIVITY
In sensitivity reactions jomt mnvolvement may occur, varymg
from arthralgia to moderately severe arthntis The jomnts are
swollen red, tender and warm and usually subside within a few
days
The 1 fnd 1n this series obtained from a patient with a severe
reaction occurring 10 days after mjection of pemcillin, was clear
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and did not clot The totnl leuhocyte count was 450 per cu mm,
with 28 per cent polymorphonuclewrs The mucn prectpitated
m a large, tight clump, lewing a clear solution The rehtive vis
costty was extremely lngh 253 1t 38° C

In jomt effusions assocrited with scrum sickness Boots and Swaft™ found
total leukocyte counts from 4 160 to 22 400 per cu mm , with 13 to 86 per
cent polymorphonuclears They noted 1 decrease in total leukacyte and poly
morphonuclear counts with increased duration of effusion

ERYTHEMA NODOSUM

Jomt mvolvement 1n association with erythemr nodosum 1s
common, varymg from arthralgia to moderately severe arthritis
The joints may be swollen, red, pamnful and tender

The 1 flmd 1n this series from a patient with erythema nodosum
was cloudy, yellow and clotted The total leukocyte count was
1,275 per cu mm with 16 per cent polymorphonuclears The con-
tent of sugar was the same as that of the serum The mucin pre-
aptated with acetic aaid as a fanly tight clump with clear
surrounding solution

HEMORRHAGIC VILLOUS SYNOVITIS

Effusions occur commonly m so called hemorrhagic willous
synovitis or pigmented willo nodular synowitis, often 1n associa-
tion with hemorrhage Involvement 1s usually himited to one jomt
whuch 15 only shightly tender and not red or hot The swellng
often persists for years, though occasionally it recurs mtermt-
tently and disappears 1n a few weeks The findings i the flmds
resemble those m Group II somewhat more than those 1n Group I

The flwds are usually blaody and not very viscous and usually
do not clot The total nucleated cell count 1n 15 flds averaged
3,110 per cu mm, with an average of 26 per cent polymorpho
nuclears The erythrocyte count vaned from 43 400 to 1,780,000
The average concentration of sugar in the flmd was 73 mg, per
100 cc as compared with 94 mg 1 the serum The average total
albumm and globulin concentration was shghtly Tugher than that
of traumatic fluds, 423 gm per 100 cc The concentration of
mucn, on the other hand, was low, with an average of 0032 gm
nitrogen and 0049 gm glucosamne per 100 cc and a low average
viscosity of 54 at 38° C The mucin precipitate was soft, often 1n
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shreds, with a cloudy solution 1n 10 of the cases, but ropy with
clear solution 1n the other 5 fluds

Thus the findings 1n fluids from hemorrhagic villous synovitis
mdicate only 2 mld to moderate degree of inflammation

Synovral biopsies from 4 cases showed mild to moderate infiltra
tion of lymphocytes and plasma cells, as well as the charactenstic
hypertrophic matted villi, multiple hemorrhages, and numerous
large, hemosiderin laden, rounded, polygonal or spindle shaped
macrophages There were also widespread fixed cell probferation,
fibrosis with hyalimzation, and occasional superficial patches of
fibrin-like matenal In 3 lesions there was n addition a granu
lomatous reaction with multinucleated giant cells, foam cells
and, 1 1 instance, large free fat globules Opinion vares as to
whether this lesion represents an inflaimmatory process or a
neoplasm such as a bemgn gt cell tumor or a sclerosing
hemangioma

Jaffe® noted that the synovial flud from cases of pigmented villo nodular
synovitis was often hemorrhagic

NEOPLASMS

Tumors mvolving joints may be benign or mahgnant, primary
or metastatic In all cases, effusions may occur but usually are
not large The tumors in this series may be divided mto two
groups one mcluding 1 osteogenic sarcoma associated with
Pagets disease, 1 synovioma 1 myxofibrosarcoma, and 1 meta
static papillary adenocarcinoma, and the other including 2
cases of lymphoma, Hodghins type, and 2 cases of lymphocytic
leukerma

The fluds 1 both groups presented abnormahities greater, m
general, than those of Group I the changes being more marked
1n the lymphoma group The 4 sarcoma and carcinoma fluds were
hemorrhagic and formed small clots Their average total nucleated
cell count (1,330 per cu mm ) and the percentage of polymor-
phonuclears (9) were m the same range as those of traumatic
fluds Thewr average total albumin and globulin concentration
(48 gm per 100 cc ), mucin mtrogen content (0030 gm per
100 cc ) and viscosity (18 at 38° C ) were shghtly more abnormal
than those of Group I In the lymphoma group, the average total
nucleated cell count {11 190 per cu mm ) and percentage of poly-



FLUIDS RESEMBLING BOTII GROUPS 97

morphonuclears (27) were ngher than in Group I The average
total albumin and globulin content and the concentration of
mucin 1n 2 fluds were 1n the same range as 1n Group I fluids, butin
the 1 flud analyzed the concentration of globulin was ligher and
the viscosity lower than in Group I fluds

Thus the findings in flmds from jomts contaiung tumors 1ndi-
cated only moderate inflammation

Histologieally, the synowial tissues from the 3 patients with
myxofibrosarcoma, synovioma and adenocarcinoma showed mini-
mal mflammation with shight villous hypertrophy In the 2 latter
cases there was an increase 1n muemous ground substance
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shreds, with a cloudy solution mn 10 of the cases, but ropy with
clear solution 1n the other 5 flmids

Thus the findmgs n fluids from hemorrhagic villous synovitis
mdicate only a mild to moderate degree of inflammation

Synowial biopsies from 4 cases showed mild to moderate mfiltra
tion of lymphocytes and plasma cells, as well as the charactenstic
hypertrophic matted villi, multiple hemorrhages, and numerous
large, hemosidenn laden, rounded, polygonal or spindle shaped
macrophages There were also widespread fixed cell proliferation,
fibrosis with hyalimzation, and occasionnl superficitl patches of
fibrin hilke matenal In 3 lesions there was m addition a granu
lomatous reaction with multinucleated giant cells, foam cells
and, m 1 1nstance, large free fat globules Opmion varies as to
whether this lesion represents an inflimmatory process or a
neoplasm such as a bemgn gant cell tumor or a sclerosing
hemangioma

Jaffe™ noted that the synovial fluid from cases of pigmented willo nodular
synovitis was often hemorrhagie

NEOPLASMS

Tumors mvolving joints may be benign or malignant, primary
or metastatic In all cases, effusions may occur but usually are
not large The tumors n this series may be divided 1nto two
groups one mcluding 1 osteogemic sarcoma associated with
Paget’s disease, 1 synovioma, 1 myxofibrosarcoma, and 1 meta-
static papillary adenocarcinoma and the other mcluding 2
cases of lymphoma, Hodghins type, and 2 cases of Iymphocytic
leuhemia

The fluds 1n both groups presented abnormalities greater, 1n
general than those of Group I the changes bemg more marked
1n the lymphoma group The 4 sarcoma and carcinoma fluds were
hemorrhagic and formed small clots Their average total nucleated
cell count (1,330 per cu mm ) and the percentage of polymor-
phonuclears (9) were 1n the same range as those of traumatic
fluds Their average total albumin and globulin concentration
(48 gm per 100 cc ) mucin mtrogen content (0030 gm per
100 cc ) and viscosity (18 at 38° C ) were slightly more abnormal
than those of Group I In the lymphoma group the average total
nucleated cell count (11,190 per cu mm ) and percentage of poly-
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4 T verr ol women 223 ceelomed exmpvema af ex removal of the lower
Iobe ¢ the }=% Tz beeme ©f brvocmectzns. Follonmg nb resection and
mserhon ©f 2 tooe, we kad remamed free of ssmptoms for 1 month. Three
davs befrre zdmusenn | crymaze from the tobe ceased and the patient de-
veloped fever ez, mal e 2nd meased cough wath foul sputum Three
davs Lter both koees become venn pemfil and swollen. At the tme of
2dmrseon, the knees were red 2nd tender and contuned effusions the Left
anlle, both elbores zod frst metacarpophalangeal jomnt on the left were
pamful zod swollen. Temperatme was 1024 F Svnovial find from the left
knee contamed 20 000 lerkocstes per co. mm, of which 9S per cent were
polvmerphorudlears. The relive viscomts of the fwd was 106 1t 8§ C.
the sugar (93 mz. per 100 cc.) was equal to that of the serum the protemn
content was 49 gm. per 100 ce. with a globulin concentration of 2.8 gm
and the mucm (0 08 gm. mtrogen per 100 cc.) preapitated m a soft clump
with cloudy filtrate Cultures from the sputum showed B hemolytic strepto-
cocct but cultures of the fiurd from the left knee were negative The redness
and swelling of the knees subuded fauls rapidhv and 2 davs after the first
aspration only 1 cc. of flmd could be obtuned from the left knee The
leukoeyte count m this fimd was 17 500 per cu mm  with only 75 per cent
polymorphonuclears and 15 per cent lymphocytes

In one case we were able to watch the progression of the ar-
thntis from early 1mvolvement wath negatne culture 1n the flnd

to 2 more advanced stage i which orgamisms could be grown
from the flmd

The pabent, a woman of 63 was admitted with a complunt of pun m
the night ear for 10 days with dramage of pus for 6 days She was known
to have had severe diabetes for 9 years and relwnely mild rheumatod
arthnbs i hands wnsts and anlles for 30 or 40 years A simple mastoid
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Findings i Fluds 1n Group 11, Rheumatod Arthritis
and Diseases of Infectious Ongin

SPECIFIC INFECTIOUS ARTHRITIDES

ExPERIMENTAL work 1n ammals has shown that the barmer be-
tween the blood and the jont cavity 1s permeable, not only to
diffusible substances and proteins, but to bacteria (see review!”)
and that the permeability of synovial hissues 1s greater than that
of the membranes of other body cavities Studies of synovial
fluds and synovial tissues obtained post mortem from patients
who died with generalized infection®” have demonstrated that
the tissue may show an inflammatory reaction whch 1s reflected
1 the cytology of the fluid even though histological sections and
cultures fail to show bacteria m either tissues or fluds (see p 22)

The reaction of joints to infection varies markedly The differ-
ences 1 the degree of joint involvement 1n generalized infections
are apparent chmeally and may range from mere arthralgia to
arthnitis of varying degrees of seventy Such d:ifferences are seen
with all types of infecting agents and are well exemplfied m
gonococeal arthnitis There may be no effusion, a moderate sized
sterile effusion or a large purulent effusion with posihive culture
The explanation of the vantations would seem to be that n all
cases of infectious arthntis the orgamsms reach the synovial
tissues but that the reaction depends on the extent to which the
orgamsms can continue to multiply This 1s determined by the
number, type and virulence of the orgamsms and the local and
general resistance of the patient When multiplication of the
orgamsms 1s hmited and the reaction remams confined to a small
area 1 the synovial tissues there 1s hittle or no destruction of

98
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counts 1n 80 fluds averaged 73,870 per cu mm —ligher than i any
other type of fluid—wath 90 per cent polymorphonuclears Some
fluids consisted of thick pus, with too many cells to count The aver-
age total concentration of albumn and globulin in the fluds was
hugh (479 gm per 100 cc), with a relatwely low albummn/
globulin ratio (17) m 2ccord with the severe degree of inflamma-
tion The umt concentration of mucin mtrogen was lower than
normal and essentilly the same as 1n other Group II flmds The
relative viscosity varied from 29 to 87, averaging 16 at 38° C
In flurd withdrawn within a few hours after the onset of arthnts,
the mucin precipitate was often relatively normal In effusions of
longer duration, 1t formed a soft mass or was flocculent In ocea-
sional severe cases, no mucin was precipitable with acetic acid
The pH values 1 2 cases were 693 and 720 The average con-
centration of sugar (21 mg per 100 cc ) was lower 1n the fluds
from septic arthntis than m any other type, even though the
average fasting concentration mn the blood was elevated (112 mg
per 100 cc )

The hyperglycemia found m the patients with mnfectious ar-
thntis 15 of interest An increase mn the fasting blood glucose
level (above 100 mg per 100 cc ) was found m 16 of 20 samples
from 11 cases of septic” arthnitis and 1n 30 per cent of the cases
of gonococcal arthritis It was apparently related to the seventy
of the mfection having been found m 8 of 5 cases of gonococeal
arthriis with posiive flud cultures (see p 102) It was most
extreme 1 the case of pneumococcal arthntis (186 mg per
100 cc )

It 1s apparent that the flud findings in septic arthntis indicate
a severe inflammatory process with resulting high total leukocyte
and polymorphonuclear counts low viscosity lowered sugar con
centration high protemn content and a poor muem precipitate

Histologically, the synovial tissues from 4 cases of infectious
arthntis (including gonococcal ) varied from a suppurative necro-
tizing reaction with superficial destruction of the synoviahs and
a heavy fibnno-purulent exudate, to a subacute 1fammation with
marked hyperplasia of fixed cells and diffuse mfiltration of plasma
cells and lymphacytes as well as neutrophils and eosinophils

Other workers have found sumlarly igh total cell counts and Ppercentage
of polymorphonuclears with variations from 2 400 to too many cells to

P A



100 SYNOVIAL FLUID CHANGES

ectomy was performed and a few fresh granulations were found on the
lateral sinus Ten days after operation she began to run a septic type of
fever to 103 F and developed pamn and swelling m the nght knee and her
blood culture showed Type 23 Pncumococcus Ten days later the nght
elbow became painful and swollen Sulfapynidine treatment (8 gm a day)
was started and fever subsided slowly Symptoms 1n the night knee persisted
and examination showed marked tenderness thickening of the penarticular
tissues and pan on mohtion although the range of motion was essentially
normal Two weeks later the swelling and tenderness i the knee were
subsiding slowly but the patient had sudden onset of dyspnea and tachy
cardia developed peripheral shock and died

When pamn and swelling first appeared 1n the koee, 1t was
thought that they were mamfestations of an exacerbation of
rheumatoid arthritis even though she had had no involvement
of knees previously The culture of flud withdrawn at that time
was negative and the total leuhocyte count was 10,650 cells per
cu mm However, the hugh percentage of polymorphonuclears
(96) and the marked tenderness of the penarticular tissues sug
gested that pneumocacel were present 1n the synowvial tissues even
though they could not be cultured from the fliid Culture of flud
withdrawn 7 days later showed rare colonzes of Type 23 Pneumo
coccus, and the total leuhocyte count was 25,600 per cu mm with
98 per cent polymorphonuclears

The synowial find findings 1n arthntides due to vanous organ
1sms will be presented under separate headings

Septic Arthritis (Due to Strep c1, Staphyl 1, P
and E col)®

Jomnt mnfections caused by streptococer staphylococel, pneumo
cocer and E colt usually progress to so called septic arthnbs
with grossly purulent fluds and positive fluid cultures The effu
sions are usually large and of short duration The joints are red hot
and acutely tender, with the swelling often extending well beyond
the limts of the joints The arthritis subsides, with varymng degrees
of jomnt damage, or the disease terminates fatally 1n a relatvely
short time

The synovial fluid 15 very turbid and not very viscous and forms
a large, firm clot soon after withdrawal The total nucleated cell

1 arthntis 'h they are also types of sephc”

oG 1and
arthritis will be discussed separately
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(0064 gm mtrogen) Viscosity was Jow (4 at 38° C) m the 1
flud with posite culture examined, and ranged from 3 to 21
with an average of 13 mn the stenle fluds

Further evidence of stmultancous vanation m flud findings
and 1n the sevenity of the jomt disease was provided by cases of
gonococeal arthritis in which the jomts were sprrated before and
during sulfamlamide treatment The signs of decreasing seventy
were a smaller volume of flurd and a reduction 1n total nucleated
and absolute polymorphonuclear counts (see Table III)

Gonococel complement fixation was posiive 1 18 (72 per
cent) of the 25 flmds 1n which 1t was tested In 21 of the 25 1t
was the syme as that of the serum In 2 cases 1t was negative with
a positive reaction 1n the serum, 1n 11t was negative with a doubt-
ful reaction mn the serum and 1 1 1t was positive with a negative
reaction 1n the serum It may be concluded that the reaction 1n
the flmd, bemg essentially a reflection of that of the blood, does
not really aid i diagnoss

To summanze The findings mn fluds from gonococeal arthritis
show the marhed variations which would be expected from the
chnical differences found between individual cases of this disease
In general, the fluids resemble those from other types of specific
infectious arthntis but positive cultures are less common, as fewer
effusions become septic” The fluds from which orgamsms can
be cultvated show charactenstic differences in cells, sugar and
globulin from those of stenle fluids A positive culture 15 expected
when a flmid contamns more than 30 000 leukocytes per cu mm and
less than 50 mg of sugar per 100 cc

Results of studies by other workers also show marked vanations 1n fluids
from gonococeal arthnbis Total nucleated cells and polymorphonuclears
varted from 1000 to 158 000 per cu mm and from 22 to 100 per cent re
spectively 1n the cases of Labor and von Balogh ®* 1 case of Risak and Wink
ler*™ 1 case of Forkner™ 1 case of Shands™ 8 fluds of McEwen ** 77
fluds of Myers Keefer and Holmes™ 5 fluds of Collns™ and 21 fuids
of Kling*™* Julbard™ and Rlng™ noted reduction m the percentage of
polymorphonuclears and mncrease in lymphocytes and monocytes i subacute
and chrome cases

The physical and chemical findings reported 1n the Literature are relatively
meager but also show marked vanation from case to case Habler reported
2 pH of 693 compared with a blood pH of 733 1n 1 case with negative
culture and Coppo and Lewi® found a PH of 775 m 1 case There have
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count and from 73 to 100 per cent polymorphonuclears® ™ 1 1% The
pH has been found to be more acid than in other types of flurds (except
the traumatic effusions of 24 hours duration reported by Waugh™), bemng
619 and 6 69 1n Boots and Cullens™ 2 cases, 560 mn Beck s and Laubers*
case and 656 and 724 n Hablers™ 2 cases The viscosity varted from 6
to 16 1 Khings™ 2 cases Rostock™ found intra articular pressures from
150 to 420 mm of fluid and Ranke™ from 20 to 55 cm of Hg Sugar vaned
from 19 to 43 mg per 100 cc 1n 4 cases reported by Allison Fremont Smuth
Dailey and Kennard” In 15 cases Sundblad®™ found an average protemn
concentration of 530 gm per 100 cc and average hyalurome acid content of
0153 gm per 100 cc

Gonococcal Arthritis

In gonococcal arthntis, effusions may occur 1 one or i many
jomts The seventy of involvement varies markedly, with the
result that the jont findings may range from redness, heat and
tenderness to only shght warmth and tenderness The effusions
usually last only a few days but may persist for weeks The
residul joint damage vanes with the seventy and duration of
the arthntis
The fluids 1n this series showed the same general changes as
other Group II fluids, but there was a wide range of vanation 1n
accord with the varying degrees of seventy The findings i the
9 flmds from which gonococer were cultured differed from those
1 the 33 sterile fluds and closely resembled the findings 1n other
septic  synovial effusions (see Table IV) The fluids wath posi-
tive cultures tended to be more turbid and almost always clotted
The leuhocyte count was usually above 80,000 per cu mm 1 these,
and below 80,000 in the stenle, fluds The average concentration
of sugar m the stenle fluds was only shghtly below normal (83
mg per 100 cc, with an average serum level of 100 mg ), but the
average 1n the fluds from which gonococer were cultured (29 mg
per 100 cc, with an average serum level of 113 mg —see p 101)
was as low as that of other septic fluids The average lactate con-
tent 1n 4 sterle flmds was 39 mg per 100 cc compared with 20
mg m the serum The average total albumin and globulin content
was essentially the same 1n both types of fluid (58 and 56 gm
per 100 cc ), but the average albumin/globulin ratio was defi-
nitely higher 1n the stenle fluds (17 as compared with 14) The
mucin mtrogen concentration was lower 1n the fluids with positive
cultures (0041 gm mitrogen per 100 cc ) than in the stenle fluds
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The average total (lbumin and globulin (43 gm per 100 cc ) w1s
shghtly lower than that of other types of infectious arthntis, but
the globulin fraction was reltwvely Ingh (24 gm ), with an
albumn/globulin ritio of 09 The wwerage concentration of
muem {0058 gm mitrogen and 0 027 gm glucosamine per 100 cc )
and viscosity of 15 at 38° C were simular to those of other Group
II flmds The mucin precipitate was furly cohesive with clear
solution m 10 of the 18 fluds exarmned, but 1n shreds with cloudy
solution 1n the other 8 flwids

In summary, the findings 1n fluds from memngococeal arthntis
resemble those 1 gonococcal arthntis The mcidence of positive
cultures 15 much lower and the reduction 1n sugar concentration
15 less marked m memngococenl fluds, but the leukocyte count
tends to be higher

Cattell® reported from 89 400 to 78 700 leukocytes per cu mm with
98 to 100 per cent polymorph )| m 1 case of 1 arthritis
The concentration of sugar in 1 flmd was too low to read when the serum

sugar was 81 mg per 100 cc The protemn concentration m the flud was
47 gm per 100 cc compared with 4 86 gm 1n the serum

Haverhill Fever

The arthntis of Haverhill fever, due to the Streptobacillus
moniliformis 1s similar to other types of infectious arthntis The
degree of mvolvement vanes from arthralgia to severe purulent
arthntis Residual damage vanes 1n accordance with the seventy
of the mvolvement The 1 flud of this type m our series was
turhid and had a total leukocyte count of 42,000 per cu mm , with

87 per cent polymorphonuclears The sugar concentration was 80
mg per 100 cc

Arthntis Associated with Bacillary Dysentery

Involvement of jomnts occasionally occurs n association with
bacillary dysentery The arthritis resembles other types of mfec-
tous arthntis varying in seventy The effusions may last several
months Severe residual damage 1s rare

The 1 flwd of this lind 1n our senes was turbid and did not
clot Orgamisms were not cultured from the flud The aggluta-
tion titer for Fliss Y stram was 1/180 as compared with 1 /820
the blood The total leukocyte count was 7 500 per cu mm, with
79 per cent polymorphonuclears The concentration of suga’r was



104 SYNOVIAL FLUID CHANGES

been reports of viscosities varymng from 41 to 16 8 ™ ** sugar contents
{not all 1n fasting patients) from 88 to 131 mg per 100 cc® * and total
protem contents (including muein) from 36 to 85 per cent ™ * Achard
and Prettre’ reported mucn concentrations from 38 5 to 490 gm per 1000
cc (It 1s probable that the precig of mucin d protems
other than those bined with the polysacchande ) Scapm™ i 1 case
found 2 calcium content of 12 7 mg per 100 ce  phosphorus of 5 6 mg per
100 cc, magnesium of 3 8 mg per 100 cc potassium of 319 mg per 100
cc and chlonde of 1374 mg per 100 cc Khng and Pincus®™ reported the
gonococcal complement fixation test positive m 80 per cent of therr cases
of gonococcal arthntis while Myers Keefer and Holmes™ found 1t positive
m 67 per cent As m our senes the results m the fluid corresponded with
those 1n the blood 1n 42 of Myers 48 cases and 1n all but “a few per cent
of kling s cases The fluid was negative mn 4 cases with positive blood doubt
ful n 1 case with negative blood and positive once with doubtful blood
Myers senies Spink and Keefer'™ mn a series of 70 patients found the com
plement fixation test posttive 1n 47 of 54 bloods and 1 21 of 85 jomnt fluds
Myers Keefer and Holmes™ cultured orgamsms from the flud m 25 per
cent of therr cases Klng™ m 33 per cent and Reitzel and Kohl** m 16
of 25 cases

Memgococeal Arthritis

Involvement of one or more jomnts 1s not uncommon 1 memn
gococcemia  As 1n other types of infectious arthnitis, there 1s
variation 1n the degree of joint mvolvement from arthralgia with-
out objective findings through increasing degrees of swellng
redness and tenderness to severe arthritis with red hot, tender,
markedly swollen joints The effusions often persist for weehs,
even though the septicemia and menngitss, if present, have been
successfully treated by chemotherapy The residual joint damage
varies with the seventy of the arthntis but 15, 1n general rela-
tively less than that i other types of infectious arthntis

The 18 flds 1 this series showed a wide range of vanation
corresponding to the degrees of seventy From only 2 of them
were orgamsms cultured, although coccr were seen in smears of
3 others The findmgs m the 2 positive fluds were essentially the
same as those m the sterile group All the fluids were turbid, not
very viscous and usually clotted Average total leukocyte count
was 122,880 per cu mm , with an average of 93 per cent polymor
phonuclears The flud sugar averaged 60 mg per 100 cc com
pared with 108 mg m the serum The lactate concentration 1
1 fnd was 21 mg per 100 cc compared with 23 mg 1 the serum
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occur 1n either case, and they may, when untreated, Inst for
months or years As a rule, only one joint 1s mvolved, 1t may be
warm but usunlly not red or very tender

The flwds are turbid, not very viscous and usually do not clot
The intra articular pressure m this series vaned from 0 to 100
mm of fled The total nucleated leukocyte counts ranged from
2,500 to 105,000 per cu mm, averaging 19,470, percentage of
polymorphonuclears varied from 18 to 96, averaging 60 The total
cell counts mn 2 fluds from the 1 case m which the infection
was hmuted to the synovial tissues were much lower than the
average for the other fluids (5,150 1nd 6,800), and the percentages
of polymorphonuclears were relatively low (42 and 53 per cent)
There was apparently a slight tendency toward a predomnance
of lymphocytes 1 early cases mn this series and an increase mn
polymorphonuclears 1n cases that had become chromic Analysis
for sugar was made 1n 24 fluuds The concentration 1n 4 of these
was m the normal range, 1t was under 30 mg per 100 cc mn 13
fluds, and sugar was entirely absent 1n 6 flmds The lactate con-
tentin 1 fluid was 79 mg per 100 cc compared with 16 mg 1n the
serum The average concentration of albumm and globulin was
531 gm per 100 cc, and that of muecm was 0044 gm mtrogen
and 0026 gm glucosammine per 100 ce —both essentially the same
as m other fluids of Group I The average albumin/globulin ratio
of 19 and viscosity of 77 at 88° C were also 1n the same range
as others of Group II The mucm precipitated usually m a soft
clump or shreds with cloudy solution

In all but 8 cases, the gminea pigs moculated with fluids from
this series of 29 cases showed evidence of tuberculosis Biopsies
of synovial tissues were positwe 1n the 18 cases m which they
were performed In 4 of these cases, the gunea pig tests were
negative Cultures were made on Dubos s medium® ™ 1n 5 fluds
In 8 cases the results were the same as those of the gumea pig
moculations, m 1 the culture was positive with a negative gumea
pig test and positive biopsy, and m 1 case the culture was nega-
tive with a positive guinea pig test

The findings m flnds from tuberculous arthntis resemble 1n
general those 1n other types of wnfectious arthntis The variation

from flud to flwd 15 1 accord with the varymg degrees of jomt
mvolvement that occur
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104 compared with 118 mg per 100 cc 1n the serum The total
albumin and globulm concentration was low (313 gm per 100 cc )
with a relahively high globulin and an albumin/globulin ratio of
11 The mucin content was 0 069 gm mtrogen per 100 cc

In 10 cases of arthritis associated with bacillary dysentery, Labor and von
Balogh® found agglutmation titers ranging up to 1 200 1n the flurd 1 2 case
1 which the corresponding serum titer was 1 800 Zia and Smyly™ reported
agglutination titers for Flexner, Y and Shiga types of B dysenteriae of 1 320
1 160 and 1 80 in synovial flusd compared with 1 1280 1 1,280 and 1 160
1 the blood In 1 case, m which the Shiga bacillus had been cultured from
the stools 8 weeks before jont aspiration the fluid showed no agglutination
of the Shuga or Y bacilh but a 1 40 titer for the Flexner bacillus compared
with respective titers m the blood of 1 80 1 80 and 1 40™

Bacterodes Arthnitis

In bacteroides mfections, mvolvement of jomnts occurs not
uncommonly, and, as i other types of infectious arthritis vares
from muld synovitis to severe purulent arthntis The degree of
jomt damage corresponds to the seventy of the individual jomt
mvolvement

The 1 flurd of this type 1n the present series was grossly purulent
and contamed 530,000 leukocytes per cu mm , with 95 per cent
polymorphonuclears Many gram negative bacilli were seen 1n the
smear, and bacterodes were grawn on culture

German Measles

Arthralgia or synovitis with effusion occasionally occurs late
m the course of German measles The effusions usually disappear
m a few days without residual jomnt abnormalities

The 1 flmd of this kind 1n our series was shightly turbid and
did not clot The total leukocyte count was 3,400 per cu mm with
no polymorphonuclears The erythrocyte count was 1,000 The
flud sugar content was 85 mg per 100 cc compared with 117 mg
in the serum The total albumin and globulin concentration was
16 gm per 100 cc Mucmn nitrogen content was 0129 gm per
100 cc, the viscosity at 38° C was 114 and the mucin preciprtated
well 1n a large, farrly tight clump 1n a clear solution

Tuberculous Arthritis

The nfectton may be hmited to the synowial tissues in tuber-
culous arthritis, though 1t usually also mvolves the bone Effusions
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total nucleated coll counts and differentials with hmits of 1,500 and 350,000
per cu mm Polymorphonuclears varied from 0 to 93 per cent lymphocytes
from 5 to 65 per cent Dahl** found a pH between 715 and 745 1n 33 of
41 flurds and a pH below 700 only 1 fluid (pH 6 5} The protemn content
ranged from 80 to 55 per cent™ ™ the viscosity from 586 to 24 0™ and
the sugar from 45 to 61 mg per 100 cc ' Scapmnt™ in 1 case found a calcum
content of 83 mg per 100 cc, phosphorus of 54 mg per 100 e potassium
of 231 mg per 100 cc ond chlonde of 980 mg per 100 cc Guinea pig
oculations were positive 1n only 78 per cent of hling s cases

Syphilitic Arthrtis (Congenital)

Effusions 1n congenital syphilis usually occur m the knees, but
may mvolve other jomts The jomnts are pamless and not red,
warm or tender The effusions may persist for years

The flmds show changes similar to, but less marked than, those
of other Group II fluds They are usually turbid and not very
viscous and may clot The total nucleated leuhocyte count and
percentage of polymorphenuclears n the 15 flmds of this series
were relatvely low, averaging 15,610 per cu mm and 46 per cent
respectively The concentration of sugar was essentially the same
as that 1n the serum The average lactate content 1n 2 fluids was
28 mg per 100 cc compared with 27 mg 1n the serum Average
total alburnin and globulin concentration (467 gm per 100 cc ),
mucin content (0058 gm mtrogen per 100 cc and 0039 gm
glucosamme per 100 cc ) and the viscosity of 11 at 88° C were
the same as those of the majonty of Group II fluds The mucin
precipitated 1n a soft clump or shreds with cloudy solution 1 all
but 2 fluds In 3 of the cases the Wassermann reaction was positive
m the fimd, with a positive reaction 1n the blood 1n 2 cases, but a
negative Wassermann with positive Hinton 1n the other case A
fourth patient had a doubtful reaction 1n the fluid with a doubtful
Hinton but positive Wassermann 1n the blood A fifth patient had
negative Wassermann reactions m blood and flud, but a positive
Hinton m the blood

The findings 1 these flmds are m accord with an only moder-
ately active mfectious process

Synovial tissues 1n 1 case showed chrome and acute mflamma-
ton, with occasional neutrophuls as well as lymphocytic and
plasma cell mfiltration Other features were synoviocytic hyper-
plasia and prokferation of subsynowvial connective tissue
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Histologieally, 1n the synovial tissues Collns®® described tu
bercles 1 vanious stages of development The synovial membrane
showed vanation ranging from replacement by cellular granula
tion tissue, usually less vaseular than other forms of granulation
ussue, which was diffusely infiltrated by lymphocytes and plasma
cells and contamed only a few scattered giant cell systems”
showing microscopie caseation and 1l defined margmns Jost i the
general cellularty of the tissue, to confluent tubercles with an
obvious central mass of caseation Bennett*™ mentions the occur
rence of a thick surface layer of exudate

Studies by Collins® and Swift'™® of the relatne accuracy of
bropsies of synowial tissue, guinea pig moculations and cultures
have mdicated as 15 suggested by our results, that histologieal
exammation 15 the best single test to use m establishing the
diagnosis Swaft**® found that the results of moculabon of 133
guinea pigs with synovial fluid or tissue from tuberculous joints
agreed with the histological findmngs m 118 cases {85 per cent)
Nume of the ammals died too soon for diagnosis The tissue find
ings were positive and the gumea mg tests negative 1n 11 cases
The gumen pig tests were, however, positive 1 2 cases m which
neither frozen nor paraffin sections showed ewidence of tuber-
culosis

Blair and Hallman®® found 34 positive cultures {by the method
of Corper and Uyer?) out of 43 proved cases of tuberculosss,
meluching 38 cases of bone and jomt disease The gumea pig tests
were positive 1 all of these, although a few of the ammals which
were killed m 2 weeks, showed evidence of tuberculosis only at
the site of moculation Of the 9 cases with negative cultures, 5
were posiive on gumea pig moculation and the other 4 were
positive histologieally They concluded that gumea pig mocula
tion 15 surer than culture and should be used 1f only one can be
done

The findings m tuberculous arthntis are smmular 1 general to those xe
ported by othess Widal and Ravaut™ reported vanations in the differential
nucleated cell counts from an almost entuely lymphoeytie formula m tuber
culous synovitis of short durstion to a polymarphonuclear micture 1 tuber
culous arthntis of Jong duraton Dopter and Tanton™ m 2 cases Julhard™

sn 1 case Pewny*™ m 15 cases keefer Myers and Holmes™ i 5 cases
McEwen™ m 2 cases khng™ i 18 cases and Collns™ report varymg
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infectious agent to the syndrome has not been obtuned and 1t
1s possible that the syndrome may be related to rheumatord
arthntis In the present study, pleuropncumoma lihe orgamisms
were cultured from the gemto unnary tract of 9 of 16 patients
with this syndrome and from synovial fluid from 2 patients

The 28 fluds of this kand 1n our senes were turbid, not very
viscous and usunlly clotted Findings vanied with duration of effu-
sion (Table 111) The average total leuhoeyte count of 18,890
per cu mm , with 61 per cent polymorphonuclears, was in the same
range as that of sterile fluids from gonococeal arthntis and of
theumatord flids The flmid sugar content (80 mg per 100 cc )
was only shghtly lower than that of the serum (91 mg) The
lactate concentration m 1 flmd was 80 mg per 100 cc compared
with 21 mg 1n the serum The total albumm and globulin content
averaged shghtly lower (449 gm per 100 cc ) than that of other
Group 11 fluds, and the globulin was relatively low The average
mucin concentration was 0 067 gm mitrogen and 0052 gm gluco-
samine per 100 cc, with an average relative viscosity of 11 at
88° C The mucin precipitated usually m a soft clump or shreds
with cloudy solution

Patients with arthntis and gemto urmary tract mvolvement
(but without conjunctivitis), whose prostatic cultures were posi-
tive for pleuropneumonia like orgamsms, had essentially the same
synovial flmd findings as patients with Reaters syndrome

In summary, fluds from Reiters syndrome resemble m most
vespects both those from rheumatoid arthnis and the stenle
flwds from gonococeal arthritis

The hstological findings 1 7 biopsies were, as 1 the case of
the flmd analyses, somewhat dependent on the duration and
climeal course of the joint mnvolvement 1 Lesions 4 to 8 days
old showed predommnantly neutrophil wnfiltration and ntense
hyperemia with focal extravasation of red blood cells 1n the super-
ficial synoviahs In 2 to 3 week old lesions, cellular and fiud
exudation were more extensive but lymphocytic mfltration and
fixed cell prolferation tended to dommate the picture After 3
months, inflammation generally seemed to be subsiding In the
case of 1 patient, however, m whom persistent synovial lesions
of 15 months and 3% years duration were biopsied, a chronic
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The reports in the Literature of the findings in fluds from syphihtic arthribs
do not generally differentiate between congemtal and acquired syphilis The
cytological findings 1n the cases of congental syphilis reported by Keefer™
and McEwen and Thomas™ showed more vanation than our cases with
total counts from 6 750 to 45 000 per cu mm and polymorphonuclears from
16 to 90 per cent We have not had any fluds from patients with acquired
syphibs but Chesney Kemp and Baetjer™ in 5 cases and keefer Myers and
Holmes™ 1 1 case found total counts from 4 500 to 24 000 per cu mm
with polymorphonuclears from 24 to 88 per cent The fluid protein (mclud
mg mucin) m Reefer Myers and Holmes case was 3 8 per cent. In Khing s™
series the 18 cases of congemtal and acquired syphihs cannot be separated
completely In the acute effustons observed chiefly in congenutal syphilis
he found Iugh cell counts (up to 23 000 per cu mm } with predomnance
of polymorphonuclears (up to 93 per cent) but in chronic effusions the
lymphocytes predominated {up to 85 per cent) The viscostties varied from
32 to 14 8 mn lus cases 1cteric index from 21 to 40 umts The find choles
terol n 1 case was 83 mg per 100 cc compared wath 161 mg 1n the blood

The relation between the flmd and blood Wassermann reactions n sypht
htic arthnitis has been the subject of considerable discussion In 4 cases of
congenital syphilis reported by Reschke ™ the reactions were posiive m
both flmd and blood In Ius other 4 cases 1 of acqured syphilis and 3 m
which the type of syphilis was not definite the fluud Wassermann was post
tive but the reaction 1n the blood was negative keefer, Myers and Holmes™
found positive Wassermann reachons m the blood 1n 4 cases, with posiive
reactions mn 3 flmds and a doubtful reaction m 1 In Chesney kemp and
Baetjer s* cases of acquired syphihs and Rling s™ ™ patients with acute
and chromc syphilitic effusions the flnd Wassermann paralleled the blood
reactions as i our cases Poehlmann ** m a study of 100 fluds from syph
ilthes with and without joint symptoms never found a positive Wassermann
m the fluid when the blood was negative as discussed above (see p 9)
In 47 cases of untreated secondary syphiis the blood Wassermann was
postive m 36 cases 25 of which had positive reactions in the flud In 19
latent cases the blood Wassermann was positive 1n 12 cases 2 of which had
positive flud reactions In 9 tertiary cases all had posiive blood Wasser
manns and 3 had positive reactions in the fluid

REITER § SYNDROME

Jomt mvolvement m Reiters syndrome (non gonococcal ure
thritis, arthritis and conjunctivitis) resembles that in gonococeal
and other types of mfectious arthritis One or more jomnts may
be mvolved with varymg degrees of severity The effusions tend
to persist longer than those of gonococcal arthntis often lasting
many weeks or months Residual damage 1s less common than
gonococcal arthntis Clincally, this syndrome resembles infec
tious arthntis, but proof of the etiological relationship of any



GROUP 11, INFECTIOUS DISEASES 113

grossly with climeal or laboratory evidence of the seventy of the
disease as a whole, with the degree of inflammnton m the
aspirated jomnt or the duration of the disease or the effusion Usu-
ally, the fluds showang the least vanation from normal came from
early, mild cases, though occasionally only shght abnormalities
were found 1n effustons of many years duration The fluids ranged
from clear to turbid Iifty-eight per cent of the present seres
clotted The ntra articular pressure varied from 0 to 700+ mm
of flud The total nucleated cell count vaned from 450 to 66,000
cells per cu mm ° with an average of 15,310, while the percentage
of polymorphonuclears ranged from 0 to 96, with an average of 65

The average concentration of sugar (65 mg per 100 cc ) was
comparable to that 1n gonococeal arthnts, lower than that of
Group I fluds, and higher than that of septic and tuberculous
fluds The vanation, however, was extremely wide, with Iimuts
of 0 and 132 mg per 100 cc The factors affecting the sugar level
m these joints have been discussed (p 67) The concentration
decreased with increasing mflammation, as shown mn Figure 7,
and with persistence of effusions (Table V) It showed relatively
little relation to the total nucleated cell count It was regularly
decreased 1n severe cases of long durition (Tables V and VII)
and was temporanly low when the mtra articular pressure was
markedly elevated (Table XII) In 22 fluds the average lactate
concentration was 31 mg per 100 cc 1n contrast to 22 mg m the
sera

The average total albumin and globuhn concentration m rheu-
matoid flmds was essentially the same as that m the other fluuds
of Group IT, but, as in the case of the other findings, the varations
were more marhed than 1n Group I, as discussed above (p 39)
Individual values vaned from 8 30 gm per 100 cc, a concentration
typical of non infectious fluuds, to 889, the highest protein con
centration found in any flud of any land Tt was the globulin
fraction that was increased 1n the finds with exceptionally ligh
protemn content In fact, the highest globulin concentrations 1n
any fluds were found m rheumatoid effusions of lIong duration
The globulin content of the fimd 1n such cases was essentially the

same as that of the serum, although the flud albumin content
°Since this study

leted d with
been obtamed from was completed 1 fluid with a leukocyte count of 116 200 has

a patient with rheumatoid arthnts
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proliferative synovitis with lymphoid nodules mdistinguishable
from rheumatord arthritis was present 1** (Synovial flmd was
not obtained from these two jomts ) Whether or not this was a
chromc case of Reiters syndrome or rheumatoid arthntis follow
g Retters syndrome 15 unknown

There are few reports i the literature on the findings 1 flud from Reiter s
syndrome Quintin and White™ noted that the fluid was cloudy and viscous
and that there was a pred of polymorpt lear cells Storm
Mathiesen™ reported that the number of cells vanied In 2 fluds he found
an albumn content of 27 gm per 100 cc and globulin concentrations of
31land86gm

RHEUMATOID ARTHRITIS

The fluids from cases presenting the charactenstic features of
rheumatoid arthnitis—chronie, often symmetrncal, jomt mvolve
ment with thickening of synowial tissues, systemic mvolvement
as ndicated by fatigability, weight loss and an elevated sedi
mentation rate, and usually typical X-ray changes—have been
studhed as a group ® Separate analyses have, 1 addition, been
made of the flud findings m patients of this group who had
generalized psoriasis, were under 12 years of age or had spondy-
htis (Mane-Strumpell type) The data from patients with ulcera
tive colitis associated with jomt disease indistingwishable from
rheumatoid arthntis have been kept separate Cases with symp
toms and signs suggesting rheumatoid arthntis but without
adequate chmecal, X-ray or histological evidence for a defimte
diagnosts, have been labelled rheumatord arthritis—diagnosis
probable

Early proliferation and mflammation 1n synovial tissues are
charactenistic of rheumatoid arthntis and account for the fre
quency of jomnt effusions It 1s not unusual for the effusions to last
for years owg to persistence of low grade tissue changes Only
occasionally do the joints become red hot or acutely tender, the
usual jont symptoms being stiffness and aching pam of dull to
moderate mtensity

Fluids from rheumatoid arthritis varied more than any other
group m this study In general, the vanations could be correlated

°Since the permeability of synovial ussues to bactena 18 mereased 1n rheumatord

arthntis a specific nf arthntis supertmposed In such cases
the fluids are indistingwshable from those of infectious arthritis
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dylitis and peripheral jont mvolvement and 3 patients with
psorasis 1ctwve at the time of aspirition showed no consistent
vamations from those n the whole group

The flwds from 45 cases of “rheumatoid arthntis—diagnosis
probable” showed Jess marked changes than those from patients
with charactenistic theumatoid arthritis (Digures 5, 6, 9, 10, 11,
12, 14 and the chart at the back of the book) In many fluids the
abnormalities were only shghtly greater than those of triumatic
flmds However, i almost all cases at least one finding—the total
leukocyte or polymorphonuclear count, the mucin precipitate, the
viscosity, the sugar difference, or the proten or globulin con-
centration—showed a greater degree of change than s found n
traumatic arthntis The findings 1n 2 patients with ulcerative
cohtis and joint disease consistent with rheumatoid arthnts were
sumlar to those m rheumatoid patients

In patients receiving adrenocorticotrophic hormone or corti-
sone, the flmd abnormalities decrease In the majonty of cases,
the volume of flud lessens, the total leuhocyte and polymorpho-
nuclear counts decrease, as from 30,800 to 150 cells per cu mm
with 16 and 0 per cent polymorphonuclears respectively, the
difference between serum and fluid sugar contents decreases,
the type of mucin precipitate improves, and the relative viscosity
of the flud nses, 1n one mstance from 13 to 6,080 at 38° C

The findings 1 fluds from rheumatord arthntis reflect the
vanation m degree of synovial mflammation that can occur n this
disease The alteration m muemn the mcrease n fluud globulin
and the reduction m sugar level m the flmd with increasmg
seventy are charactenstic, though not specific

The most characteristic microscopic changes m the synovialis
m our senes correspond to those reported by Collns ¥ (1)
hypertrophy of the synovialis and villi (2) hyperplasia of synovio-
cytes, (3) massive lymphocytic and, at times, plasma cell mfiltra-
tion of the subintima with large focal collections m the vill,
(4) mflammatory hyperema and edema varying 1n degree In
:fxddmon there may be patchy fibrnoid change or fibnin deposition,

requently m association with necrobiosis and collagen alteration,
some neutrophil infiltration, focal red-blood cell extravasation
and occaswonally, an merease 1m famtly staimng hematoxyhno-
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remamed approximately two thirds of the serum content The
maximal concentration of globulm mn any other type of flmd was
81 gm per 100 cc, while 7 rtheumatoid fluids out of 58 had con
centrations above 30 gm, 1 bemg 677 gm per 100 cc The
average albumin/globulin ratio (15) was shghtly lower than
that of other Group II fluuds, and the mimimal ratio (081) was
much lower than that found m any other type of flud

The electrophoretic patterns of fluids in rheumatoid arthnitis
gave further evidence of the vanations 1n protem fractions 1 1
In early or mild cases and occasionally 1n moderately severe cases,
the pattern resembled that of traumatic finds, with the albumm
higher than 1n the serum, the alpha-1 and beta globulins essen
tially the same as in the serum and the alpha 2 and gamma
globulins lower than n the serum In the majonty of cases of
longer duration or greater seventy, the albummn 1n the flud was
equal to or lower than that of the serum, whereas the gamma
globulin was ngher m the flnd In a few patients who had had
effusions of years duration with relatively ittle objective evidence
of jomt damage, the electrophoretic pattern disclosed marhed
elevation of the gamma-globuln in the fimd above that m the
serum

The average concentration of mucin was the same as that for
other Group II fluds, but here agan the range was greater, ex
tending from a trace to 0166 gm mitrogen and from 0006 to
0081 gm glucosamine per 100 cc Considerable variation 1n
precipitability of muecmn was found also, although 1n the majonity
of rheumatoid fluids a poor precipitate—erther a soft, friable mass
with cloudy solution or just a flocculent precipitate—was obtamed
with acetic acid Only occasional early or mild cases had good
ropy muem precipitates with clear surrounding solutions (see
Figure 132) The viscosity of the fluds vaned from 2 8 to 59, with
an average of 11 at 38° C

The pH vaned from 7 11 to 742 with an average of 7 22 com
pared with an average of 745 m the seram The difference be-
tween flmd and serum tended to increase m severe cases The
freezing pomt depressions m 2 cases were — 542° and —551° C,
compared with —562° and — 606° m the sera

Our findings m the fluids from 10 children under 12 (2 of whom
presented the picture of Stills disease ) 10 patients with spon
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with theurntord arthritis both before and after synovectomy The
patients had typieal theumatoid arthntis of 8% and 2 years” dur-
tion wath 1nvolvement of many jots and marked constitutional
symptoms In the first case no cffusion recurred 1n the hnee post-
operatively, but 15 cc of flmd were withdrawn 2 years later
Followmng this aspiration,  small cffusion developed, 10 ce of
flmd were withdrawn at that time and 15 cc 4 months later In
the second case, 2 shght effusion recurred about 6 months after
operation and persisted Twenty-five cc of flwd were aspirated
8 years after synovectomy In both cases the flud findings were
fundamentally the same preoperatively and postoperatively with
the exception of the mucm content (sec Table AIV)

In Case 1, the unoperated knee was involved throughout the
period of study and served as a basis of companson Three years
after synovectomy the flud from the operated knee was the same
as that withdrawn simultaneously from the unoperated knee,
with these exceptions the mucin mitrogen and glucosamine con-
tents from the operated knee were only 001 and 0006 gm per
100 ce, the relative viscosity was 51 and the mucin precipitated
as a few shreds m a cloudy solution, whereas the fluid from the
unoperated knee contamed 0 09 gm of mucin mtrogen and 0 067
gm of mucin glucosamne and had a viscosity of 25, and the
mucn precipitated well 1n a soft clump The patient had devel-
oped amyloidosis with renal mvolvement 1 year after operation
with subsequent reduction n the protemn content of the serum
There was a corresponding decrease m the protein concentration
m the synovial flmds, but the albumin/globulin ratio remaned
m the same range as that of the serum and was identical m both
fwds The flurd sugar, which was markedly reduced preopera
tively, remamned essentially the same after synovectomy This
finding 15 m accord with the hypothesis that the reduction of
sugar 1 rheumatoid jomts 1s due more to decreased entrance
than to mereased utilization (see p 67)
re:m(;:;e ui c%x:ﬂc:gc:ﬁimzons of talbuml;n, globulin and sugar
fmamed uncha g r dyn \('lec omy, but as 1n the first case,
The gen was reduced from 009 gm to just a trace

great decrease i mucin 1m both cases suggests that the tissue
vemoved at operation may have been active m the formation of
the synovial mucin and gves further evidence 1 favor of the
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philic ground substance ® Such changes seem to indicate a more
mtense mflammatory activity and are particularly common m the
early or rapidly progressing stages of the lesions 118

The eytologieal vanations found m this sertes of rheumatoid funds come
spond closely with those reported by Fischer m 8 cases Keefer Myers and
Holmes™ m 16 cases McEwen*™ m 8 cases Colhns®* i 31 cases
Jordan™ 1n 5 cases and Burman and Khng™ m 2 cases The total nucleated
cells m thewr fluds ranged from 1 700 to 74 800 per cu mm  percentages of
polymorphonuclears from 3 to 100 hling ™ on the other hand reported
vanations from 400 to 230 000 cells with polymorphonuelears of 8 to 84
per cent m 34 cases The volume of flusd obtamned by Collins and Rling
varied from 8 to 160 ce  the wiscasity from 8 § to 82 In 2 flds Ragan and
Meyer™ found a vanation n relatwe viscosity from 4 5 to more than 1 100
The extremely high vatue was estimated by extrapolation using the figure
obtamed after diluting the flwsd with 0 85 per cent sahne Chemucal studies
were made by Fischer® Keefer Myers and Holmes*™ Collins®™ Jordan™
Khog™ Bagan and Meyer™ and Sundblad ™ The protemn contents {pre
sumably weluding muon) vaned from 2 4 to 88 per cent the sugar from 17
to 145 mg per 100 ce unc aad from 2210 47 mg per 100 ce  phosphate
from 31 to 43 mg per 100 cc calaum from 58 to 116 mg per 100 cc
pH from 727 to 76 Fuscher® reported 1 mucn of 041 per cent, 1 globulin
of 395 per cent and a surpnisingly low albumun value 0382 per cent Of
hagen* reported remarkably high concentrations of gamma globuln
fnds from patients with rheumatord arthritis of long duraton Ragan and
Meyer™ m 41 flurds found n 100 of hyal acd
from 008 to 063 mg per cc and Sundblad™ 1 37 fluds found an aver
age of 0150 gm per 100 cc Burman and Khng” reported that Evans blue
entered the mvolved joints in patients with rheumatoid arthnbs and con
cluded that the more acute the arthniis the greater the entrance of dye

The findmgs m the groups stuched separately by McEwen™ and klng™
also correspond with those m rheumatord arthribs i general Therr serzes of
5and 24 cases designated as mfections arthntis presumably represent acute
and somewhat atypical cases of rheumatord arthriis The total cell counts
vaned from 1500 to 80000 per cu mm with 35 to 95 per cent polymor
phonuclears The ictenc index vaned from 2 to § umts except 1n 1 flmd
which showed 12 Viscosty ranged from 28 to 240 and calcium from 81
t0 97 mg per 100 ce

Effect of Sy ctomy on Sy 1 rlud Findings in Rheumatod
Arthritis
Synovial flwd was obtamed from the knee jomnts of 2 patients

®The tinctonial properties of this substance wath regard fo metachromatie dyes
as well as anihne blee and hematoxylin seem to comespond wath those of synovia
but as yet no connechon behween jts intersbta} accumulation asd changes m
synovial fluid has been found
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and After Synovectomy

Globulin A/G ratio Mucin pitrogen Mucin
gm per 100 ec gm per 100 cc. glucosamine Viscostty
Serum Flud Serum Fluid fluid gm per 100 cc at 33 C
L R L R L R L R L R

845 186 198 105 185 130 087 039

416 255 094 098 048

326 196 083 073 082 067 231

354 169 061 057 012 008 83
283 144 124 072 054 058 091 008 067 258 51
247 225 208 127 076

335 823 125 093 092 04

309 268 142 113 Trace 025 57

those 1 mild cases of rheumatoid arthntis The fluds were fairly
clear and usually did not clot The intra articular pressure varied
from 0 to 200 mm of flmd The total nucleated cell counts and per-
centage of polymorphonuclears were lower than 1 most rhenma-
tord fluds, ranging from 635 to 6200 per cu mm and from
0 to 60 respectively The flmd cytological changes during and
following a typical attack 1n the patient who had had mtermittent
effusions for 20 years are shown m Figure 8 In the other patient,
there was an mtial nise in percentage of polymorphonuclears
followed by a rise m mononuclears and lymphocytes (Table I11)
The concentration of sugar 1n the flusds was essentially the same
as that i the serum The total contents of atbummn and globulin
and the albumin/globulin ratios n the fluds from both patients
were the same as the average for rheumatoid fimds The mucin
concentration (0050 gm mitrogen per 100 cc ) was shghtly lower
than the average i rtheumatoid flds but the mucim precipitate
was usually a tight ropy clump with clear solution The relatve
viscosity tended to be low durmg the first day or two of the effu
sion (410} and to merease later (up to 25) The pH value m
1 flmd was 766 as compared with 754 m the serum

Krummel* and Collins® also found low total cell counts m flud from
mtermittent hydrarthrosis although Collns noted igh percentages of poly
morphonuclear cells frummel i the case of a pattent who had bilateral
kne‘e effusions recumng at 10 and 12 day mtervals found that polymorpho

s d with g effusion Iymphocytes




118 SYNOVIAL FLUID CHANGES
TaBLE XIV  Synowial Flud Findings i Two Patients with Rheumatoid Arthritis Before

Polymorpho

Amount Leukocytes nuclears Sugar Protem
e percu mm per cent mg per 100 cc gm_per 100 ec
Case no fiurd furd Buid Serum _Flud  Serom _ Flud
and date T X L i L R T R T x®
Case 1
11/27/35 18 50 66000 40000 93 92 100 22 138 706 4837 455
1/18/37 20 S0 41000 89 100 0 805 504
8/13/37°
11/24/33 90 15 8450 17050 66 68 8 4 8 598 340
1/30/40 110 10 6100 18650 81 81 572 268

5/15/40 70 7 4800 7550 63 78 81 10 5 487 221 19

1/ 2/36 70 21700 67 99 94 763 512
6/15/371 80 29 800 20 100 64 754 624
5/28/40 25 10050 62 67 743 570

Synovectomy right knee
tSynovectomy left knee

theory that mucin 1s formed by the connective tissue cells around
the jomt?” " %32 On the basis of expenmental work (see re
view'”) 1t may be assumed that the connective tissue hning of
the jomnt 15 re formed but apparently the new cells n these 2 cases
were not capable of producing mucin m large quantities

INTERMITTENT HYDRARTHROSIS

Idiopathic intermuttent hydrarthross 1s characterized by pert
odic jomt effusions recurring at regular intervals with great
precision The cause of this phenomenon and the factors con-
trolling the amazing regulanty of the recurrences are not known
In rheumatoid arthntis effusions occasionally recur with smmilar
regulanty, and 1t seems possible that many if not all, patents
with intermittent hydrarthrosis have aty prcal rtheumatord arthritis
We have seen only 2 cases i which we onginally made a diagnosts
of 1diopathic intermittent hydrarthrosis In 1 of these however,
the development of persistent synovial thickening of both knees,
X-ray evidence of atrophy of the surrounding bones and an eleva
tion of the sedimentation rate have made 1t apparent that the
patient has theumatoid arthritis, even the other patient, who had
mtermittent effusions for 20 years, finally developed an elevated
sedimentation rate and synowial thickening of one knee that
persisted between attacks

The flmd findings 1n these 2 cases were alike and resembled
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The findings 1n bursal fluds suggest that the equilibrium be-
tween bursa and blood differs from that between joint and blood
The low concentration of sugar 1n bursal effusions of short dura-
tion, 1n the absence of bactena or marked leukocytosis, would
be unusual 1n synowial flud The vanation i the concentrations
of albumin, globulin and mucm 1s greater than that found n
comparable joint flids In fluds from 3 so called ganglions, no
precipitate was obtained wath acetic acid until serum was added
Apparently the polysacchande was present without adequate
protemn to allow precipitation of mucin
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mncreased when the effusion was subsiding Dopter and Tanton™ reported
50 per cent polymorphonuclears and 50 per cent lymphocytes 1n 1 case and
100 per cent lymphocytes in another case The viscosity 1n 1 flud studied
by Ragan™ was 11 2 The so called albumin content of fluuds i Krummel s
senies determined refractometrically ranged from 529 to 6 5 per cent The
pH of 1 flud reported by Krummel was 75 and of 1 recorded by Coppo
and Levi* was 78 Scapim™ in 1 case reported a caleium content of 87
mg per 100 cc phosphorus of 8 8 mg per 100 cc, magnestum of 2 85 mg
per 100 cc potassium of 212 mg per 100 cc and chlonde of 672 mg
per 100 cc
BURSITIS AND BAKER S CYSTS

Acute and chromic mflammation of bursae may be associated
with various joint diseases such as rheumatord arthntis, may be
of known nfectious ongin, or may be of unknown etiology and
unassociated with involvement of other skeletal tissues The term
Bakers cyst has been used to designate synovial ined cysts that
are presumed to have been m communication with jomnts and sub
sequently sealed off The present series includes 7 cases of acute
bursitis of less than 6 weeks duration, 4 cases of chrome bursits,
5 cases of so called Bakers cysts and 4 cases of walled off cysts
m popliteal space or quadriceps pouch m patients with rheuma-
tond arthnitis

Fluds from all types of bursitis and Bakers cysts show wide
vanations mn cytological and chemical charactenistics As a result,
fhud exammation 1s not usually of value mn determining the type
or even duration of the bursiis However, in our senies high total
leuhocyte counts (10000 to 50,000 per cu mm ) and a lugh per-
centage of polymorphonuclears (60 to 90) were found only
some cases of acute bursitis and 1n some of the cysts in patents
with theumatord arthntis In all other cases the leukocyte counts
ranged from 500 to 1,000, with O 30 per cent polymorphonuclears

The majonty of all of the flmds were turbid and shghtly blood
tinged and exther did not clot or formed only small, friable clots
The concentrations of sugar were usually low, rangmg from 0 to
95 mg per 100 cc, with an average of 40 The total albumm
and globulin contents were relatively high, ranging from 19 to
81 gm per 100 cc, with an average of 52 The mucm mitrogen
concentration tended to be high averagng 0071 gm per 100
cc, with a range from 0 to 020 In 1 case of chronic mflammation
of a subacromial bursa, m which calcium was shown by X ray,
the caletum content was 139 mg per 100 cc (see p 87)
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a reduction of viscosity per umt concentration (Figures 12
and 13)

It 1s apparent that analysis of jomt flmd ards matersally in dis-
tinguishing the two large groups of jomt diseases While no single
finding 15 absolutely conclusive, any of the conditions listed m
Group I 1s fauly defimtely ruled out by aspiration of a flud wiich
18 turbd, clots, has a low viscosity, and shows a smail amount of
flocculent mucm precipitate, a total albumin and globulin con-
centration of more than 50 gm per 100 cc, a difference in fasting
sugar content between serum and flud of more than 30 mg per
100 cc, a total nucleated cell count of over 5,000 per cu mm and
an absolute polymorphenuclear count of over 1,000

For differentiation between individual fluds within esther of
the two large groups, synovial fluid exammation 1s of less value
There are, however, certain findings that give suggestive evidence
m favor of one or another diagnosis In dissemimnated lupus ery-
thematosus, for instance, 1n contrast to theumatoid arthntis, poly-
morphonuclears have never been above 260 per cu mm (¥Fig-
ure 6), the concentration of muen nitrogen and glucosamme
has almost always been ligh (Figure 11), the mucin precipitate
has always been good (a ropy clump m a clear solution) and
the relative viscosity of the flmd has been high (Figure 12 and
the chart at the back of the book) Simlarly, in rtheumatic fever
the concentration of mucin 1s relatively hugh (Figure 11), the
mucin precipitate usually good and never poor, and the viscosity
relatively huigh (Figure 12) As a result, mn a patient 1n whom the
differentral diagnosis 1s between theumatic fever and rheumatoid
arthnbs, the finding of 2 low concentration of mucin with poor
precipitate and low viscosity would give evidence 1n favor of a
diagnosis of rheumatoid arthnitis rather than rheumatic fever
The extremely high concentration of mucin (Figure 11) and
high relative viscosity (Figure 12) usually found mn fluds from
osteochondromatosis a1d 1 differentiation from traumatic ar-
thntis Aspiration of hemorrhagic flmd especially if 1t contams
free fat 1n the absence of severe acute trauma or hemophilia

(and m the presence of a persistent, usually parmless effusion),
suggests the diagnosis of hemorrhagic villous synovitis There 1s
one combmation of findings that 1s of considerable diagnostic
value namely, n 2 flud of relatvely short duration (weeks or
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Diagnostic Value of Joint Aspiration

Frowm a survey of the findings 1n the jomnt diseases studied, 1t 15
clear that the information gamed from certain analyses 1s of value
m diagnosis and prognosis The significant findings are shown 1n
the chart at the back of the book They can be roughly sum
manzed as follows Fauly clear, viscous flmds that do not clot
are found usually 1n traumatic arthritis, osteochondritis dissecans
osteochondromatosis Charcot jomnts and degenerative jomnt dis

ease, occasionally m tumors, m rheumatic fever and 1 mild
atypical cases of rheumatoid arthntis The majonty of rheumatoid
fluds and all specific infectious fluids are turbid and less viscous
than Group I flmds and often clot There are other important
differences between the two mam groups The total nucleated
cell count 1s usually below 3,000 per cu mm , with absolute poly-
morphonuclears less than 500 m Group I fluds and above 3 000
with more than 500 polymorphonuclears n Group II fluuds (Fig

ures 5 and 6) The sugar content 15 approumately the same as
that of the blood 1 Group I fluids, 15 shghtly lowered 1 the
majonty of Group II fluds varies from no sugar to a mormal
value 1 theunatord flurds and 15 low or absent 1n mfected fluxds
with positive cultures and 1n most tuberculous flmds (Figure 14}

The total concentration of albumin and globulin 1s usually below
50 gm per 100 cc, with an albumin/globulm ratio above 20

m Group I fluds and above 4 0 gm per 100 cc, with an albumin/
globulin ratio below 20 m Group II flmds (Figure 9) The
concentration of mucin 1s usually normal or elevated i Group I
finds, while m Group II the concentration 1s often lowered and
there 15 associated loss of the characteristic precipitability and

122
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count showed 9 per cent poly morphonuclears, 20 per cent lymphocytes and
62 per cont monocytes The mucain precipitated very well in a large ropy
clump with clear solution The hemorrhagie fluid wath Jow leukocyte count
was conststent with a dingnosis of hemorrhagic willous synovitis The patient
did not return as requested but 10 months later he was admitted to the
hospatal ¢ of per of the cff 1n the left knee Examination
was unchanged Hemorrhagic fluid was again obtaned with 363 000 eryth
rocytes per cu mm The leukocyte count was 8750 with 80 per cent
polymorphonuclears The muein precipitated very well On the basis of the
persistent panless effusion, found on aspiration to be bloody and to have
a relatively low leuhocyte count and good mucin, a diagnosis of hemorthagie
willous synovihis was made At operation the synowal tissues were greatly
thickened and bronze 1n color The lustological appearance was consistent
with “pigmented villo-nadular synovitis

Case 3 An 18 year old white boy was admitted with a complaint of pamn
and swelling 1n the left knee of 5 months duration A cyst of the mternal
semlunar cartilage of the left knee had been removed 21 months before
admussion The knee had remamed absolutely symptom free until 5 months
before admission when he was thrown agamnst an anchor bar on a ship
during 2 storm striking the left knee The knee had been swollen and painful
since that tme ‘The past history was non contributory Exammation showed
effusion m the left knee with tenderness over the anterior aspect of the
medial condyle the internal lateral hgament and the posterolateral aspect
of the lateral memscus The jomnt capsule was markedly thickened A ding
nosis of traumatic synovitis was made and synovectomy and removal of the
external sermlunar cartilage were performed Frozen sections of the synov
alis were not made because the diagnosis was thought defiite The flud ob
tamed at operation had a total count of 5250 per cu mm with 58 per cent
polymorphonuclears a protein content of 538 gm per 100 cc, and no sugar
All these findings were mconsistent with those of traumatic fuds and gave
the first mdication that the thagnoss was meorrect The combmation of
relatively low total leukoeyte and polymorphonuclear counts with a low
sugar concentration 1 an effusion of only a few months duration was strong
evidence 1 favor of tuberculous arthritis Histol 1 1on of the
synovialis confirmed this diagnosis and the knee was subsequently fused
In this case preoperative exammation of the flud would have suggested
the correct diagnosis which could have been confirmed by exammation of

frozen sections of synowiabs at the first operation and a second operation
would have been avorded

Case 4 A 23 year old woman was admitted with the complant of
swelling and Limttation of motion of the left knee One year before admission
she had squatted to pick up an object and her left knee had locked It had
be;come swollen and stiff dretummg to normal slowly Four months before

k1

the swell d and
persisted A diagnosis of
derangement of the knee was made an, gnos nternal

d the internal semmlunar cartilage was
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a few months), the combmation of a relatwvely low leukocyte
count (25,000 cells per cu mm or below) and polymorpho
nuclears of 50 per cent or less with a low content of sugar (20
mg per 100 cc or below) 15, we think, strongly suggestive of
tuberculosis

Although the findings in any mdividual flud within erther one
of the groups are not diagnostic, when combimed with the clinmical
and other laboratory data they may be of defimte value 1 differ-
ential diagnosis As a few typical examples will show, early syno
vial flud study may aid i confirming 2 diagnosis suggested
clinically {Cases 1 and 2 following), 1t may, by facthtating diag
nosts, remove the need for operation {Cases 8 and 4) or direct
treatment toward the underlying cause of the disease (Case 5)
In other cases, chmcal corroboration of a diagnosis imdicated
by the fluid analysis may not be obtamed for some time (Case 6)

Case 1 A 80 year old tractor driver was admitted with the complaint of
paim n the left knee of 1 years duration One year before admission he had
fallen agaminst a roll of paper cutting the left lower shin Very gradually
pamn had developed m the left knee Subsequently the knee had become
swollen tender and hot Followimng aspiration of fud 5 months before ad
mssion the symptoms had subsided but the pan and swelling had recurred
1 month later E: 10n showed swelling of the left knee with pam on
motion and shight tenderness over the anteromedial aspect R
showed extensive caleification mn the knee jomt The diagnoses suggested
climcally were osteochondromatosis or internal derangement of the knee
jomnt The synovial flrd was shghtly cloudy did not clot and contamed 1 050
leukocytes per cu mm wath 1 per cent polymorphonuclears The flmd sugar
was 93 mg per 100 cc compared with a serum sugar of 101 mg The relative
wiscosity was 147 the mucin 09 gm mtrogen per 100 ce the albumm and
globulin 30 gm per 100 ce and the albumuin/globulin ratio 30 The muan
precipitated well 1 a ropy clump with clear solution The very igh vis
cosity and high muein concentration in this flad differenthated 1t from those
usually found m mternal derangement of the knee The fluid was consistent
with h Sut y y corroborated the diag
nosis

Case 2 A 19 year old boy was seen 1n the emergency ward because of
swelling of the left knee of 8 years duration The onset of swelling had been
msidious There had been no pain 1 the knee and no other jount symptoms
Hemorrhagic flud had been aspirated on two occasions Examination showed
2 moderate sized effusion in the left knee Roentgenograms showed no bony
abnormalites On aspiration of the knee bloody flmd containing 550 leuko
cytes and 891 000 erythrocytes per cu mm was obtaned The differential
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cartilages was performed. At operation the synuvnl tissues showed marked
thickening and after histol di of ot synovitis
was made The I flud asp d preoperatively, had a total nucleated
count of 17,800 per cu mm , with 98 per cent polymorphonuclears Our
present knowledge of the significance of fluid findings would have told us
that such changes do not result from trauma but this was not recogmzed
at that tme When the patient was seen 8 years after operation she had
malaise persistence of shight swelling and pain on motion 1n the nght knee
pan 1n the nght shoulder left hand and left wnst and a corrected sedimen
taton rate of 1 02 mm per mmute A diagnosis of rheumatoid arthntis was
made Re-exammaton of the ongmal biopsy specimen, by a pathologist
versed m the study of synovial tissues showed changes interpreted as con
sistent with rtheumatoid arthnihis
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removed The synovial membrane was found to be thickened and there was
definte pannus formation i the region of the intercondylar notch Flud
removed at the time of operation contained 25 600 leukocytes per cu mm,
with 96 per cent polymorphonuclears and 41 mg of sugar per 100 cc—
find, entirely with those of traumatic flud Three months
later the patients left ankle became swollen and durng the following
month the nght hip knee and ankle became nvolved If synowial fuid had
been obtamed on admussion, 1t would have suggested the correct diagnoss
of rheumatoid arthntis

Case 5 A 45 year old man was admitted because of a cough present
for 3 weeks that was productive of large amounts of white sputum Two
months before admission he had had lus teeth extracted for treatment of
“arthritis which he had had for 1% years The joint symptoms had begun
with stiffness of knees ankles wnsts and nght elbow and enlargement of
the terminal phalangeal jomnts of the fingers There had been gradual pro-
gression of the mvolvement of knees and ankles with marked pamn and

11 10n on ad showed d hed breath sounds over
the left upper chest and a roentgenogram disclosed an area of increased
density 1n the left upper lobe There was marked clubbimg of all fingers and
toes The knees and ankles were swollen and very tender Synovial flurd asp1
rated from the left knee was shghtly cloudy and clotted firmly The leukocyte
count was 100 per cu mm  with 20 per cent polymorphonuclears and 80 per
cent lymphocytes The flud protein content was 22 gm per 100 cc The
mucin precipitated 1n small flecks 1n a shghtly cloudy solution Further study
of the pulmonary lesion suggested that 1t was a neoplasm and pneumonec
tomy was performed A tumor mvolvmg most of the left upper lobe was found
and the hstol, 1d was cinoma Grade II The immediate
postoperative course was uncompleated except for slowly mcreasing dysp
nea reheved by thoracentesis However on the twentieth postoperative
day respirations suddenly became uregular and ceased

The combmation of synovial fld findmgs—the low cell count with few
polymoarphonuclears and the shight elevation of protein combined with the
relatively high fibrinogen content (as indicated by the large fim clot)—
would be most unusual m rheumatoid effusions of months duratton They
are very suggestve of pulmonary osteoarthropathy and could 1if obtamed
earlier have arded m recognition and treatment of the underlymg disease

Case 6 A woman of 49 was admtted with the complamt of pan and
swellng of the nght knee of 8 years duration The symptoms had begun
immedsately after mjury to the knee by a fall from a bus and had persisted
to the time of admussion There had been frequent episodes of ‘locking
during the year before entry No other jomnt mvolvement or associated con
stitutional symptoms were eheited Examination showed marked effusion
the knee with tendermness over the external tibrofe 1 fossa and
lateral mobility A d of mternal der of the knee was made
and synovectomy with removal of both external and internal semmlunar
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diffusible, non utthzable substances 1n the jomt, the entrance of
glucose 1s slow The delay 1n appearance, present even 1n normal
Jomts, 1s enhanced with incre1sing snflammation In mild cases,
as 1n traumatic arthritss, the rate of entrance apparently remains
almost equal to the rate of utihzation or removal and equilibrium
15 mamtamed with 2 fliud concentration nearly equal to that of
the blood Insevere inflimmation, as 1n severe rtheumatoid arthritis
or infectious arthnts, the entrance 1s decreased so that, wath in
creased consumption, the flud sugar concentration 1s markedly
Towered The mechamsm of this differential entrance of proteins
and sagar 1s not understood, but the results emphasize that a
vaniety of factors 1s mvolved n trnsfer across the synoval tissues

Alterations 1n the synowial tissues lead also to dimimshed re
moval of collordal and particulate matter Expenmental evidence
suggests that this 1s due to a decreased number of synovial lym-
phatics (see review!~) The reduced absorption, combined with
greater entrance, probably accounts for the increasing protemn
concentration and decreasing albumin/globulin ratio 1n rheuma-
tod effusions of long duration Whether or not local production
of one or more protem fractions also plays a role 1s not known
The abnormally high concentration of colloidal matenal raises
the osmotc pressure and presumably leads to persistence of the
effusion

The altered metabolism of the jomt in disease 1s apparent 1n
the case of sugar and mucin and tends to increase with seventy
of mflammation Greater utiization of sugar results from various
factors ncreased actvity of fived tissue cells, a larger number
of leukocytes n the synovial flmd, and bactena, 1f present Greater
metabolic requirement for sugar, coupled with decreased supply,
may lower the flmd sugar to a level which may impair nutrition
of cartilage In the case of mucin both formation and destruction
may be affected In traumatic effusions the umt concentration of
mucin remains normal despite a great wncrease m fwd volume
Trauma seemingly stumulates formation of muein by the connec-
tive tissue cells and does not lead to an mcrease 1 the rate of
mucein destructian Infectious and many rheumatoid flmds on the
other hand show a decreased concentration of muem a reduced
viscosity and a soft or flocculent precipitate wath acebic acid The
simlanty of these changes to those produced by enzymatic di-



VII

Physiological Considerations

A survey of the findgs m effusions from vanous joint diseases
corroborates the hypothests that jomt flud reflects changes pro_
duced 1 synowvial tissue by disease There are two fiindamental
alterations an abnormality 1n the exchange of substances between
the blood or lymph and the jomnt and a disturbance of mtra _
articular metabolism -
The degree of permeability of the blood jont barmer varies with
the degree and type of synovial inflammation The difference 1s
not apparent 1 the case of diffusible non utilizable substances
whose distribution 1 joint disease follows the laws that apply
to normal joimnts There 1s, of course increased entrance of such
substances associated with the mcrease in amount of fluid enter-
g the jomnt, but equilibrium 1s mamtamned The difference be-
tween types of jomnt disease becomes apparent n the varation
m the mncrease 1 number of cells and m the permeability to
bacteria and protemns mcluding fibrinogen and presumably ant:
bodies and enzymes The mmimal inflammatory reaction produced
by trauma causes only shght mcrease m leuhocytes, albummmn,
globulin and fibrinogen and the ratio of albumm to globulin m
the fluid remamns high In rheumatoid and in mfectious arthntis
there 1s greater entrance of these substances and, with the excep
tion of leukocytes 1 rheumatoid arthritis, a progressive nse with
increasing severity of the disease With the mcreased entrance of
protemn the differential permeability decreases globulins enter
the jont more readily and the albumin/globulin ratio of the
flnd more closely approaches that of the serum In contrast to the
rapid mcrease m number of cells and amount of protems and
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gestion of mucm suggests that increased destruction of mucin
takes place 1n these jomnts, though mncomplete synthesis may
explam, at least mn part, the reduction m viscosity and altered
precipitability of mucin Attempts to demonstrate the presence of
hyaluromdase 1 normal or pathological fluds have not been
successful

The relation of synovial fld findings to the degree of mflam
mation 1 the synovialis can be used to differentiate non traumatic
jomt diseases from traumatic arthntis of any type Within the
two large groups, further differentiation may be possible because
of the specific combination of flud abnormahties produced by
some mdividual diseases

In all cases m which both synovial flurd and biopsied synovial
tissue were available, an attempt was made to correlate the degree
of abnormality 1n the fluid with that 1n the synovialis Exact cor
relation was not possible but 1n all diseases the grade of reaction
found 1n the tissues was usually of the same order as that of the
fluid In the 2 cases of degenerative jomt disease, for instance, in
which the synovial tissues showed the most marked inflammation,
the total protems, especially the globulin fractions, were highest
and the mucin content lowest

Synowvial flud thus presents itself as a reflection of tissue m-
flammation that may be of value in diagnosis and as a tool for
further study of the physiology of articular tissues and the
blood tissue barrier
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