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99mTc HMDP bone scanning in generalised nodal
osteoarthritis. I. Comparison of the standard
radiograph and four hour bone scan image of the
hand
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SUMMARY The pattern of joint involvement on conventional radiographs and the four hour
gammacamera image of 99tc HMDP bone scans were studied in 33 patients with generalised
nodal osteoarthritis. Both techniques showed the predominant involvement of the distal
interphalangeal, scaphotrapezial, and first carpometacarpal joints. Some joints were abnormal
just on one investigation: either x ray or scan alone. Others showed a marked dissimilarity in the
severity of involvement on x ray compared with scan. This discrepancy between x ray and scan
suggests that the scan is imaging a different process than the radiograph and offers a different way
of assessing change in osteoarthritis.

Osteoarthritis remains an enigmatic condition.
Although widely diagnosed, and considered to be
extremely common, its natural history is still
uncertain.' Does it represent several disease sub-
groups? What are the underlying pathological pro-
cesses? One of the major problems in studying the
disease is its assessment. Radiographic features, on
which the accurate diagnosis presently depends,
reflect established anatomical abnormality, from
which the pathological process has to be inferred. It
gives no insight into what is happening early in the
disease. 99mTc HMDP bone imaging depends on the
uptake of the radiopharmaceutical, potentially re-
flecting a process that is physiological rather than the
anatomical change seen on the radiographs. Thus it
may have the potential to measure disease develop-
ing before the radiograph becomes abnormal. This
study was aimed at evaluating its potential in
generalised nodal osteoarthritis. This disease is a
possible subset of osteoarthritis, common in Cauca-
sian middle aged women, characterised by involve-
ment of several but not all small joints of the hands.2
It allows a study of a large sample of joints in a
relatively small number of patients. Hand joints are

Accepted for publication 4 February 1986.
Correspondence to Dr C W Hutton, Royal National Hospital for
Rheumatic Diseases, Upper Borough Walls, Bath BAI 1RL.

also technically easier to image both by radiograph
and by bone scan.

Patients and methods

Thirty three patients with generalised nodal osteoar-
thritis were studied. All had the typical firm
swellings over some distal interphalangeal (DIP)
joints and proximal interphalangeal (PIP) joints
characteristic of Heberden's and Bouchard's nodes.
All had typical x ray features of osteoarthritis in the
hands. Their mean age was 67 years, 29 were
female, and their mean disease duration was seven
years. All were attending a rheumatology clinic and

Table 1 Pattern of abnormality (all grades 1-3) on x ray
and on scan

Joint group Total Abnormal Abnormal
on x ray on scan

No % No %

DIP 329 188 57 123 37
PIP 263 91 35 85 32
MCP 330 9 3 29 9
TB 66 44 67 47 71
W 66 5 8 17 26
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Table 2 Pattern of abnormality (all grades 1-3) grouped by scan and x ray involvement

Joint Total Abnormal on Only abnormal Only abnormal Normal Total abnormal
group x ray and scan on x ray on scan

(x+S+) (x+S-) (x-S+)

DIP 329 105 83 18 123 206
PIP 263 62 29 23 149 114
MCP 330 7 2 22 299 31
TB 66 36 8 11 11 55
W 66 2 3 15 46 20

Table 3 Pattern ofabnormality (all grades 1-3) as
percentage ofthe total number ofjoints in each joint group

Joint Total x+S+ x+S- x-S+ Normal Total
group abnormal

DIP 100 32 25 6 37 63
PIP 100 24 11 9 57 43
MCP 100 2 1 7 91 9
TB 100 55 12 17 17 83
W 100 3 5 23 70 30

had been screened to exclude other possible dis-
eases, in particular psoriasis. All were negative for
rheumatoid factor and antinuclear factor.
A standard anteroposterior hand radiograph was

obtained on the same day as a bone scan. A four
hour gammacamera image was taken after a 555
mBq injection of 99"Tc HMDP. The radiograph and
scan images were then assessed by a single observer
blind to the patient identity and independent of the
complementary image. Abnormalities were scored
on a 0-3 scale of severity. This allowed the pattern
of abnormality on both x ray and scan to be
compared objectively in both a binary way (abnor-
mal or normal) or on the basis of a limited
quantitative assessment. Minimal changes of uncer-

tain significance like marginal lipping or question-
able joint space narrowing were discounted. Biasing

was therefore towards the presence of definite
change. On the scan the first carpometacarpal
(CMC) and scaphotrapezial joint are not readily
distinguishable so they were grouped as a single
unit, the thumb base (TB). A global assessment was

made of the rest of the carpus, and this was

described as a single unit, the wrist (W).

Results

The patterns of joint abnormality are summarised in
Tables 1 to 4. Table 1 shows the number of joints in
each joint group and demonstrates the predominant
involvement of the distal interphalangeal joint and
the thumb base on both methods of joint imaging.
The x ray appears to detect more abnormality in the
distal interphalangeal joints and the scan at the
thumb base and the wrists. Table 2 shows the joints
grouped by involvement on x ray alone, scan alone,
x ray and scan both abnormal, or both completely
normal. Table 3 expresses this change as a percen-
tage of the total number of joints in each group. This
table shows that a number of joints are abnormal on

only one investigation. In particular, abnormality on
scan alone is noted at the wrist and the thumb base
and on x ray alone at the distal interphalangeal joint
and the thumb base. Table 4 shows the relation
between the severity grading of both scan and x ray.
This illustrates that though the majority of joints

Table 4 Relation between severity grade on x ray and scan

Joint Normal x Ray and scan Abnormal More abnormal on Abnormal only More abnormal on
group abnormal only on x ray x ray than scan on scan scan than x ray

a* b c d e f g h i j k I m n o p
O.Ot 1-1 2-2 3-3 1-0 2-0 3-0 2-1 3-1 3-2 0-1 0-2 0-3 1-2 1-3 2-3

DIP 132 32 13 6 60 20 3 28 7 8 18 0 0 5 1 5
PIP 149 16 10 3 21 6 2 21 3 1 21 2 0 5 1 3
MCP 299 7 0 0 2 0 0 0 0 0 21 1 0 0 0 0
TB 11 4 8 0 5 2 1 8 0 0 11 0 0 4 4 8
W 46 0 0 0 3 0 0 0 0 0 12 3 0 2 0 0

*Column reference number.
tGrade-initial number indicatesx ray grade, the second number the severity grade on scan, e.g., 2-1 indicatesx ray grade 2, scan grade 1.
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F-ig. la Fig. lb
Fig. 1 (a) Radiograph and (b) four hour 99mTc HMDP bone scan image ofthe hands ofa patient with generalised nodal
osteoarthritis. Note (1) the intense activity ofthe scan and marked destruction on x ray ofthe right PIP middle, right PIP
ring, and both thumb interphalangeal joints; (2) the intense scan activity ofthe right middle DIP, left index DIP, left ring
PIP, but only minor abnormality on x ray; (3) the marked abnormality on x ray ofthe right PIP index, but no abnormality
on scan; (4) the intense activity over the first CMC and scaphotrapezoid joint obscuring anatomical localisation; (5) the
increased scan activity over the distal radioulnar joint left and piziform right.

Fig. Za Fig. 2b
Fig. 2 (a) Radiograph and (b) four hour 99mTc HMDP bone scan image of the hands ofa patient with generalised nodal
osteoarthritis. Note marked activity ofthe scan in the proximal interphalangeal joints associated with x ray change, but little
activity in the distal interphalangeal joints where there is extensive x ray change.

have a similarity in the severity, some showed
marked discrepancy. The columns f, g, and i
illustrate joints markedly abnormal on x ray but
normal or with little abnormality on scan. The
columns 1, m, and o illustrate joints markedly
abnormal on scan but with minor or no radiographic
change. The patterns of involvement are also
illustrated in Figs 1 and 2. Note in these the
distinctive high intensity activity of an abnormal
joint on scan and the difficulty of precise detection
of early signs on x ray.

Discussion
The main finding of this study is the demonstration

of a difference in the pattern of the abnormality in
generalised nodal osteoarthritis detected by scan-
ning in comparison with x ray. This is evident when
the scans are studied together (Figs 1 and 2) and is
confirmed when they are analysed objectively
(Tables 1-4). What this difference represents and
what its significance is in the osteoarthritic process
can only be speculated on with data from a single
time point study.

Joint scanning was introduced into the study of
synovial disease using I311 bound to albumin,3 but
the introduction of 9LTc labelled diphosphonates
allowed bone imaging.4 5 Since then studies in a
number of different arthritides and in normal people
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have been reported. These have shown a lack of
specificity in identification of different types of
arthritis, but an increase in sensitivity of this scan in
detecting abnormality compared with the standard
radiograph.69 The increased sensitivity of the scan
might explain some of the differences seen in this
study. It does not explain, however, why some joints
are abnormal on x ray and not on scan. Without
detailed understanding of the true prevalence of
joint abnormality it is difficult to define both the
sensitivity and specificity of the methods and clearly
impossible to assess error. The variation in the
severity, the gross abnormality on scan when re-
markably little change has occurred on x ray, and
vice versa suggest the discordance is reflecting a real
difference. Similarly, the distribution of the differ-
ences, with predominant x ray change of the distal
interphalangeal joint and scan abnormality more
proximally, suggests that in fact this may relate to
the progression of the disease as it spreads proxim-
ally. The scans in normal people show some increased
wrist activity, which decreases both distally to the
distal interphalangeal joints and laterally to the little
finger.6 Caution therefore is needed in interpreting
minor changes around the wrist. In other joints,
however, the abnormality gives such an intensely
abnormal scan that it is unlikely to arise from a false
positive assessment. This finding of marked focal
increased activity contrasts with the more diffuse
activity seen in predominantly synovial diseases like
rheumatoid arthritis.

That the scan may be abnormal in osteoarthritis
has been recognised by a number of authors.'0 11
Scanning demonstrates more extensive involvement
in the knee than a conventional x ray or
arthrography.12 There appears to be a relation
between pain, raised intraosseous pressure, and
abnormality on scan in the hip in osteoarthritis.13
Our study did not look at the clinical correlation. All
subjects had well established typical disease, and as
the onset had been gradual in most and the disease
had probably had an asymptomatic phase exact
disease duration was difficult to assess. It is also
difficult to know how these findings relate to
subsequent progression of the disease. Clues though
come from what is known of the pathological
processes in osteoarthritis, previous studies of scan-
ning and bone and joint disease, from animal
models, and from studies in vitro.
A number of different pathological processes

have been recognised as important in osteoarthritis.
These include inflammation, multiple microstress
fractures in subchondral bone, and changes in the
perfusion of subchondral bone.' Little, however, is
known about the site of initial injury or the relative

importance of the different pathological events
initiated. In generalised nodal osteoarthritis there
are little histological data, though some patients
appear to have a predominantly inflammatory com-
ponent.14 15 Clinically many show marked phasic
activity with an initial period of pain and
inflammation that subsequently settles and is fol-
lowed by a period of painless boney change.2 It is
unclear which process is reflected by scintigraphy.
Binding studies show that technetium HMDP is
avidly taken up by apatite crystals so it may reflect
alterations in the rate of subchondral bone
turnover.16 There is, however, evidence that it is
bound also to protein and in particular newly
secreted collagen,17 so it may not be a specific
marker for a particular process.
The localisation of isotope uptake has been

studied in the animal model of osteoarthritis of the
knee and in human femoral heads removed at
operation. In the rabbit knee the earliest feature in
scanning uptake is in the endochondral ossification
centres that later develop into osteophytes. These
then lose their activity, and in late disease isotope
uptake is primarily focused on subchondral bone.'8
Scan abnormalities are reflecting changes in the
disease processes going on in different parts of the
joint as the disease progresses. In man in late stage
disease similar findings have been shown in the hip.
Hips removed at operation with advanced osteoar-
thritis show uptake primarily in the endochondral
ossification zones, in weight bearing areas, and in
the walls of cysts.'9

Despite the lack of specificity of the scan in
assessing change it is clearly different from the
radiographs. It appears to detect abnormality before
radiographic signs develop. Since the scan can be
more readily quantified than the radiograph it may
provide a method of quantitative assessment. This in
turn will enable a much more accurate assessment of
promoting and arresting factors in the osteoarthritic
process. Scintigraphy may also allow better under-
standing of the natural history of disease and a
prospective follow up to assess this has been
performed.

We acknowledge the support of the Arthritis and Rheumatism
Council.
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