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SERIES EDITOR'S FOREWORD

The relationship between infection and arthritis has occupied the
attention of everybody throughout the history of investigative rheumatology, no less today than formerlyl. The present issue is a compilation of essays reflecting some of the facets of this particular
diamond and I am especially grateful to authors and publishers alike in
the unusual and tragic circumstances which attended its preparation.
We were all stunned and saddened by the untimely death of Professor John Calabro which deprived us of a good friend and wise
counsellor as well as a much esteemed professional colleague. Prof.
Calabro's contribution to medicine was considerable, spanning highly
individual, exemplary and caring clinical management, enthusiastic
charismatic teaching at all levels and major contributions to research
particularly in the field of juvenile arthritis. As with Robert Burns,
whose works John knew, "when will we see his like again?". A personal
sadness is that I was looking forward to welcoming John and his wife
to "Geordieland". There is a strong tradition of the highest level of
competitive ballroom dancing here and John was looking forward to
visiting us and demonstrating the considerable skills which he and his
wife displayed in this arena. To his wife and family we all extend our
heartfelt condolences.
W.

CARSON DICK

1. Atkin, S., Walker, D., Mander, M., Malcolm, A. and Dick, W. Carson. (1988).
Observation on the causes of rheumatoid arthritis. Br. J. Rheumatol., 27 (Suppl.
2), 173-175
IX
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THE RED HOT JOINT -ACUTE
MONOARTH RITIS
P. N. Platt

INTRODUCTION AND DIFFERENTIAL DIAGNOSIS

The red hot joint or acute monoarthritis is one of the most important
and satisfying diagnostic challenges in rheumatology. The rapid and
accurate diagnosis of this problem can prevent potential severe and
permanent joint damage and occasionally death. As such, acute
monoarthritis must be treated as a medical emergency.
A wide range of conditions can produce acute mono arthritis which,
for the purposes of this chapter, is defined as a monoarthritis with
significant features of inflammation of less than 14 days duration.
Many of the causes of acute monoarthritis, including gout, calcium
pyrophosphate arthropathy, reactive arthritis and septic arthritis, are
also frequent causes of oligoarthritis.
The satisfaction in dealing with patients with monoarthritis comes
not only from the knowledge of potential benefit to the patient but also
from the application of clinical skills, practical skills and laboratory
investigations leading to a precise diagnosis in a high proportion of
cases l . The clinical skills required are those which are central to good
medical practice, i.e. accurate and informed history taking and careful
medical examination. The principal practical skill required is the
ability to aspirate joints. Many of the laboratory skills required should
be available directly to the clinician, including polarizing light
microscopy and the ability to produce appropriately stained microscope slides.

INFECTIONS AND ARTHRITIS

The differential diagnosis of acute mono arthritis or oligoarthritis
includes a wide range of conditions. The principal ones are classified
in Table 1.1.
The list given in Table 1.1 is not exhaustive. Other conditions have
been reported to cause acute monoarthritis but are very infrequent
causes, emphasizing the wide range of conditions that may have to be
considered.

TABLE 1.1

Differential diagnosis of acute monoarthritis

1. Acute bacterial infections
2. Crystal-induced diseases

- Gout
- Calcium pyrophosphate
arthropathy
- Calcium hydroxyapatite
arthropathy

3. Trauma
4. Spontaneous haemarthrosis

- Clotting disorders
- Anticoagulants
- Local synovial abnormalities
e.g. PVNS

5. Reactive arthritis
6. Acute osteomyelitis close to a joint
7. Local soft tissue lesion
8. Initial phase of a chronic disorder

-

Infection
Crystal induced
Trauma
Rheumatoid arthritis
Psoriatic arthritis
Ankylosing spondylitis
Osteoarthritis
SLE, PAN, etc.

PVNS = pigmented villonodular synovitis

HISTORY
It is important to take a detailed and accurate history. A knowledge
of potential differential diagnoses allows appropriate lines of questioning to be followed. Unstructured questions and the failure to ask
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specific direct questions about, for example, urethritis and sexual
contacts may lead to a diagnostic failure.
The patient should be questioned about trauma at an early stage of
the history taking. Series of cases of monoarthritis differ considerably
in the proportion in which the cause was trauma. This is dependent
on the source of patients and the amount of prior screening of the
patient. In most rheumatological series, the incidence of trauma is low.
If a history of trauma is elicited, it is important to try to establish its
significance. Many patients with gout or acute calcium pyrophosphate
arthropathy describe trauma to the affected joint a few days before the
onset of monoarthritis. Less specifically, many patients who develop
monoarthritis will have remembered a recent and otherwise unmemorable episode of minor everyday trauma to which they attribute
significance. A history of recent trauma, unless major, should not be
accepted as the cause of acute monoarthritis to the exclusion of further
investigation. A history of an acute monoarthritis starting four to
seven days after physical stress, such as surgery, is suggestive of gout
or calcium pyrophosphate arthropathy.
It is important to establish the mode of onset of the acute monoarthritis. The history of a patient being awakened by acute pain and
inflammation in the great toe is very suggestive of gout. The sudden
onset of pain when twisting the knee is suggestive of a mechanical
cause. If the affected joint is only one of a number of joints affected
to a lesser degree, or that have been affected in the immediate past, it
increases the likelihood of one of the causes of polyarthritis presenting
in an atypical way. These include reactive arthritides, seronegative
spondarthritides, rheumatoid arthritis, etc.
Questioning about the quality of pain may be helpful, pain at rest
and stiffness being suggestive of an inflammatory cause. Pain may also
be referred, the best example being the pain from disease in the hip
being felt in the knee. A history of systemic illness, including shivering,
rigors and pyrexia, may be obtained, particularly in those with septic
arthritis. A history of influenza 10-14 days prior to the onset of acute
monoarthritis is suggestive of staphylococcal infection.
A detailed history is particularly important in cases of reactive
arthritis and must include any episodes of diarrhoeal illness, however
minor, sexual contacts, urethritis, rashes and conjunctivitis. Urethritis
may appear as part of the complex of reactive arthritis associated with
3
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bowel organism-triggered disease and should not be assumed to be
evidence of sexually transmitted disease. The speed and frequency of
modern travel means that infections acquired abroad may be imported
as a cause of monoarthritis. Therefore, a history of recent foreign
travel and any insect bites may be relevant.
A history of previous episodes of acute mono arthritis may be
important. Recurrent attacks of podagra are strongly suggestive, but
not diagnostic, of gout. Recurrent episodes involving knees and wrists
are suggestive of calcium pyrophosphate arthropathy. A history of
recent intra-articular injections raises the possibility of iatrogenic
infection.
A number of the conditions causing acute monoarthritis have a
familial tendency and therefore a family history of gout, ankylosing
spondylitis, rheumatoid arthritis, hyperlipidaemia, etc. may be important.
Drugs can modify the clinical features of an acute monoarthritis.
Knowledge of the patient's consumption of non-steroidal antiinflammatory drugs (NSAIDs), including aspirin, corticosteroids and
antibiotics, is important. NSAIDs and corticosteroids are potent antiinflammatory agents which are capable of negating many of the
inflammatory features of an acute monoarthritis. The inflammatory
features of even septic arthritis will 'respond' very well to NSAIDs
with potentially dire consequences. It is this masking of symptoms by
anti-inflammatory agents which can make the diagnosis of septic
arthritis in conditions such as rheumatoid arthritis very difficult. It
is not recommended that anti-inflammatory agents are used in the
treatment of patients with an acute monoarthritis until a firm diagnosis
has been made. This is also true of antibiotics where casual use of
antibiotics can modify the clinical picture and render accurate diagnosis impossible. An analogy with the use of antibiotics in subacute
bacterial endocarditis is apt.

EXAMINATION

The examination of a patient with acute mono arthritis can be considered in two parts: examination of the appropriate joint or periarticular structures in detail and a general medical examination of
4
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the patient. Care in examination and concern to avoid unnecessary
discomfort to the patient is frequently repaid in ability to examine the
patient in more detail. If a painful but important procedure is required,
leave it to the end of the examination. The fact that the patient is very
unwilling to allow you to examine a joint can be a useful sign of
marked inflammation.
On inspection, it is important to note the colour of the affected joint.
The genuinely bright red joint is evidence of intense inflammation and
favours the most inflammatory conditions, such as bacterial infection
or crystal-induced disease. A dark red or purple discoloration of the
joint may be a feature of any of the inflammatory conditions. Evidence
of trauma in terms of bruising or puncture marks should be sought.
As well as changes in colour, the joint and periarticular area often has
an increased temperature compared with surrounding areas.
Swelling of a joint may be due to effusion, soft tissue swelling or
bony enlargement. Due to the acute nature of the problem, it is
unlikely that bony enlargement is directly relevant although it may
be a sign of preceding problems. It is important to identify the source
of the swelling anatomically. The distinction between swelling arising
from the joint or from periarticular structures is significant, as is the
difference between an effusion and fluid in periarticular structures,
such as bursi or a Baker's cyst.
The localization of tenderness is important. Ifthe process is affecting
the joint itself, it should be tender over the whole of the joint margins.
Localization of tenderness to a particular point suggests a periarticular
structure rather than the joint itself. It is then important to identify the
structure or structures involved. If tenderness is localized to tendinous
insertion into bone, it suggests an enthesopathy typical of the reactive
arthritides and seronegative spondarthritides. Acute inflammation in
bursi, due to a number of causes, including trauma, infection and
crystal-induced diseases, may mimic acute monoarthritis. Accurate
localization of the problem should be the first step in diagnosis.
Occasionally, a cellulitis occurring close to a joint may be difficult
to distinguish from acute monoarthritis. In the case of gout and septic
arthritis, there may be a significant cellulitic reaction associated with
the affected joint. One mechanism by which this occurs is rupture of
a joint capsule. This mechanism is applicable to any joint in which
there is rapid formation of an effusion. It is best recognized in the
5
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knee with the formation and rupture of a Baker's cyst. Normal synovial
fluid released into soft tissues produces little reaction. However, if
fluid from an actively inflamed joint, particularly a septic joint, is
released into soft tissue, then a dramatic cellulitic reaction is provoked.
This may even overshadow the original problem. The direction in
which the fluid tends to track is dependent on the posture of the
patient. In the case of a knee joint of a mobile patient, the fluid will
normally track down into the calf. If the rupture occurs at a time
when the patient is already on bed rest, which reduces the likelihood
of the occurrence, the fluid may track into the thigh.
It is important to assess whether there is any evidence of tenderness
over bone. An acute osteomyelitis close to a joint can present as an
apparent acute monoarthritis including the presence of a sympathetic
effusion2 • It is also important to detect at an early stage the presence
of osteomyelitis in periarticular bone secondary to a primary septic
arthritis as this may have implications for treatment.
The range of movement in the affected joint is important. In an
acutely inflamed joint, there may be no movement in any direction,
the limitation of movement being due to a combination of pain and
muscle spasm. In periarticular problems, there is often maintenance
of movement until the particular structure is brought into play.
On general examination, the presence of pyrexia may be important
but cannot be assumed to be due to infection. Patients with severe
attacks of gout are frequently pyrexiaP, the pyrexia presumably being
mediated through the release of interleukin-l.
Lymphadenopathy in the areas draining an inflamed joint is to be
expected. However, generalized lymphadenopathy may suggest an
underlying process leading to an immune compromised state predisposing to infection.
The skin should be examined for rashes, ulcers, pustules, infarcts,
needle marks, suggesting iv drug abuse, tophi, xanthomata, etc. As
listed above, a wide range of dermatological markers may be important
in the differential diagnosis of acute monoarthritis. Many are impqrtant clues to an infective or reactive aetiology. The presence of ulceration or other septic focus may provide clues to the portal of entry of
an infection. The range of infective organisms capable of causing
septic arthritis or a reactive arthritis is extensive and, hence, the
number of possible dermatological manifestations is too great to
6
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record here in detail. Some of the common or characteristic manifestations include: pustular lesions and infarcts in gonococcal septicaemia, vasculitic infarcts in staphylococcal septicaemia, vasculitic
lesions in Henoch-Schonlein purpura, keratoderma blennorrhagica
and balanitis in Reiter's syndrome. Non-infective skin lesions include
tophaceous deposits. Although these are a late feature in primary gout
they may be an early or even presenting feature in diuretic-induced
gout 4 • Xanthomata raise the possibility of hyperlipidaemia, which is
associated with a number of patterns of arthropathy, including a
monoarthritis 5 •
A detailed general examination of all systems is required, for
example acute monoarthritis is a recognized presentation of subacute
bacterial endocarditis. Conjunctivitis and uveitis are features of reactive arthritis.

EXAMINATION OF SYNOVIAL FLUID

The aspiration of a joint to obtain a sample of synovial fluid for
examination is central to the management of acute monoarthritis.
Joint aspiration is a safe procedure. The potential benefits exceed the
possible drawbacks in the vast majority of cases. The main contraindications occur when the pathology is extra-articular. If the problem
is a cellulitis close to a joint, but the joint is felt to be normal on
clinical grounds, it may be wiser not to attempt to aspirate the joint
through the cellulitis for fear of introducing infection into the joint.
Anticoagulation is not a significant contraindication to aspiration.
Good technique and a 21 gauge needle should produce no significant
trauma.
Small amounts of synovial fluid may be valuable in making a
diagnosis. Even the contents of the aspirating needle can be expelled
and used to produce a slide for microscopy. The priorities are making
slides and culture. If no fluid is obtained and septic arthritis is suspected the joint should be irrigated with saline and the aspirate sent
for culture.
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TABLE 1.2
1.
2.
3.
4.
5.
6.

Examination of synovial fluid
General description
Culture
White cell count
Conventional light microscopy
Polarizing light microscopy
Special tests

General description

Normal synovial fluid is clear and colourless or pale yellow. The
turbidity of abnormal synovial fluid increases as the white cell count
increases. This correlates roughly with the degree of inflammation
present. Turbid synovial fluid can, however, be due to the presence of
large quantities of crystals, lipids, fibrin or cartilage fragments. Rice
bodies, so called because of their resemblance to polished rice, occur
in inflammatory fluids, particularly from septic arthritis. They are
formed by microinfarction of synovial villi6 •
The presence of blood in the aspirate may indicate a traumatic tap
or one of the true causes of haemarthrosis. These include: trauma,
synovial vessel abnormalities and pigmented villonodular synovitis
and bleeding disorders, including haemophilia, thrombocytopenia and
anticoagulants. In some cases, no obvious cause of bleeding is found.
A traumatic tap can normally be distinguished as the blood is not
evenly distributed and may clot locally. Normally synovial fluid does
not clot due to the absence of fibrinogen and several clotting factors.
However, pathological synovial fluid may clot, the size of the clot
being roughly proportional to the degree of inflammation 7 •

Culture of synovial fluid

It should be a routine procedure to culture the synovial fluid from
all cases of acute monoarthritis even though the diagnosis appears
obvious. If possible, avoid contaminating the synovial fluid sample
with local anaesthetic.
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When adequate volumes of synovial fluid are obtained, they should
be divided as follows: 5-10 ml in a sterile container for culture and
antibiotic sensitivity; 4 ml into an EDTA tube for total white cell
counts and differential counts; a small volume to make several slides.
The remainder should be stored at 4°C for further use depending on
preliminary findings. It is important that the sterile container used for
the synovial fluid sample is previously unused. Recycled containers
have been found to contain dead bacteria which may cause diagnostic
difficulties on Gram-stained slides 8 . If there is any difficulty in transporting the samples to the laboratory, it is wise to inoculate a small
volume of synovial fluid into 'blood culture bottles'. A greater success
rate for the isolation of organisms can be achieved if there is close cooperation with the bacteriology department for handling of samples
and appropriate cultures. Synovial fluid antibiotic levels measured on
repeated aspirations can help to ensure adequate antibiotic levels.

White cell counts

White cell counts can be performed either with a Coulter counter or
with a haemocytometer and microscope. Very viscous samples of
synovial fluid may cause technical difficulties with a Coulter counter
because of the high viscosity. Normal synovial fluid contains less than
0.5 x 109 cells per litre. Pathological fluids can be categorized as noninflammatory (0.5 x 109 to 5 X 109 per litre), inflammatory (5 x 109 to
50 X 109 per litre) and septic (greater than 50 x 109 per litre). In one
large series, the cell counts in septic arthritis were greater than 50 x 109
cells per litre in 70% of cases9 • The cases of septic arthritis with white
cell counts below 50 x 109 comprised two groups: those with relatively
mild disease, often gonococcal, and a second group with a high
mortality who appeared unable to mount a normal leukocytosis. Gout
and calcium pyrophosphate arthropathy occasionally show white cell
counts above 50 x 109 per litre. The possibility of coexisting infection
with these conditions is well recognized 10.11.
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Conventional light microscopy

Fresh synovial fluid should be examined under the microscope as soon
as possible to minimize artefacts. Initially, the slide should be scanned
using a low-power lens to detect the presence of cells, cartilage fragments and fibrin clots. Cytoplasmic inclusions can be seen in some
polymorphonuclear leukocytes. These are best seen using phase contrast microscopy or the partial phase effect produced by increasing
the distance of the condenser from the slide. Their presence has
been reported in rheumatoid arthritis, gout, calcium pyrophosphate
arthropathy and infection l2 • The so-called Reiter's cells l3 , macrophages that have phagocytosed polymorphs, have not proved to be
specific for that condition 14. Flat cells and bone spicules are occasionally seen and are indicative of trauma and possible intra-articular
fracture.
Differential white cell counts require the use of stained preparations
for accurate identification. A few drops of methylene blue added to
the synovial fluid is helpful but better results are obtained by the use
of a dried smear of synovial fluid stained with Wright's stain. Details
of the method are contained in reference l2 . In synovial fluids from
non-inflammatory conditions, mononuclear cells predominate. As the
cell counts increase, the polymorphonuclear leucocyte becomes the
predominant cell. Monocytosis has been described in patients with
acute arthritis associated with virus infections, particularly hepatitis
Band rubella l5 •
The use of Gram's stain may provide a rapid diagnosis in a case of
suspected septic arthritis and allow the use of more specific antibiotic
treatment. A Gram stain showing no bacteria does not exclude infection. It may be difficult to detect Gram-negative bacteria due to the
background of cells and debris. Positive smears for Gram-negative
bacteria were found in only 50% of culture-proven cases in one series l6 •
False positive results may be produced by irregular staining of clots
producing an appearance similar to clumps of Gram-positive cocci.
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Polarizing light microscopy

The use of polarizing light microscopy has enhanced the ability of a
clinician to make an accurate diagnosis in cases of acute monoarthritis
due to crystal-induced diseases. Crystalline material is highlighted
on a polarizing light microscope due to the property of crystals of
birefringence. Accurate identification of small crystals requires the use
of a purpose-built polarizing light microscope. Meaningful results
can be obtained with a conventional light microscope if fitted with
polarizing lenses, particularly if a compensator can also be fitted
between the specimen and the analyser. Detailed accounts of the
physics of polarizing light microscopy are available 17 ,12. Polarizing
light microscopy is a powerful technique but prone to form artefacts
in the hands of the inexperienced or unwary.
It is important that the microscope, slides and coverslips are kept
dust free. Also it is important to select 'clean' slides. Many new slides
are covered with birefringent material which shows up under the
polarizing light microscope and makes the identification of small
crystals difficult. Synovial fluid samples should be examined as soon
as possible with the polarizing light microscope as storage may lead
to the artefactual formation of crystals. Brushite crystals, occurring
as large positively birefringent crystals frequently arranged in a star,
have been described in this context as have urate crystals 18 • If the slide
is not to be examined immediately, it is important to seal the edge of
the coverslip with a sealant to prevent drying and the formation of
artefacts. It is possible to examine dried slides stained with Wright's
stain although this does reduce the diagnostic yield 19 .
Polarizing light microscopy should be commenced with a low-power
lens and the polarizing lens set crossed to produce a dark background.
In this mode, crystalline material will show up as bright objects against
the dark background. When birefringent material has been identified,
more detailed observation using the compensator and a high-power
lens is required. Crystals have predominantly sharp, straight, clearly
defined edges in contrast to the indistinct forms of many artefacts.
Although extracellular crystals may be of significance, intracellular
crystals are more likely to be a genuine finding unless crystalline
artefacts, such as lithium heparin, were introduced before the slide
was made.
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Monosodium urate crystals (MSU) and gout

MSU crystals are typically needle-shaped, negatively birefringent crystals which are diagnostic of gout. In practical terms, negatively birefringent crystals are crystals that appear yellow when the long axis of
the crystal is parallel to the axis of the polarizing light microscope.
The axis is normally marked by the compensator. They are typically
2-20 pm in length and intracellular, or at least attached to polymorphonuclear leucocytes. The absence of MSU crystals does not
exclude a diagnosis of gout but the finding of a single crystal is
significant. In cases where crystals are absent in an otherwise typical
attack of gout, it is worthwhile reaspirating the joint 24 h later when
crystals will often be found.

Calcium pyrophosphate crystals (CPPD) and calcium
pyrophosphate arthropathy

CPPD crystals are diagnostic of calcium pyrophosphate arthropathy
or pseudo gout. They are variable in size and shape but are normally
in the range of 1-10 pm, smaller crystals being beyond the resolution
of light microscopy. The classical description is of a rhomboid shape,
often with a chip taken out of one corner. They are usually weakly
positively birefringent. In some cases, the crystals appear square and
it is difficult to distinguish the long axis and hence its optical axis. The
number of crystals seen in very variable as is their intra- or extracellular
location. Fibrin clots should be examined if present, as CPPD crystals
are frequently found entangled in them. It may be difficult to distinguish small extracellular CPPD crystals from artefacts and it is wise
to under- rather than over-diagnose if not sure.

Cholesterol crystals

There are recognized readily by their large size, 10-100 pm, and their
appearance as stacked rectangular or rhomboid plates. They have been
described in a number of hyperlipoproteinaemias and rheumatoid
arthritis 20 ,21.
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