
phonate (@â€œTc-MDP)bone imaging do not have suffi
cient specificity to establish the diagnosis of osteomye
litis involving Charcot joints (6â€”8).Recent articles
suggest that indium-l I l-leukocyte (â€˜â€˜â€˜In-WBC)imag
ing appears promising for detection ofinfected Charcot
joints (8â€”10).This retrospective study compares the
results of plain radiographs, combined â€˜â€˜â€˜In-WBC/

@Tc-MDPbone imaging, and magnetic resonance
imaging (MRI) with bone culture results and radio
graphic follow-up in patients with suspected osteomye
litis in or adjacent to neuropathic joints to evaluate the
accuracy of these techniques in the detection of osteo
myeitis. The problems encountered in interpretation
of the various diagnostic imaging techniques are dis
cussed.

MATERIALSANDMEThODS
A retrospectiveanalysiswas performed on the diagnostic

imaging studies obtained in 14 patients who underwent corn
1 I hIn@WBC/@mTc@MDP imaging between January 1985

and January 1989for high clinicalsuspicionof osteomyelitis
in or around neuropathicjoint(s).

PatientPopulation
Fourteen patients (16 sites) with documented peripheral

neuropathieshad combined â€˜â€˜hIn@WBC/@mTc@MDPimaging
for suspected osteomyelitis in or around Charcot joint(s).
None ofthe patients had received intravenous (i.v.) antibiotics
for at least 3 wk before the imaging studies and bone cultures.
All cultures were obtained within 1â€”2wk of imaging. Bone
cultures were not obtained in one patient (Case 13). This
patient stabilized radiographically within 3 mo without anti
biotic therapy and has shown no evidence of osteomyeitis
after 10mo of follow-up.Five patients (sixsites)wereevalu
ated for osteomyelitisadjacent to largejoints (Cases 1â€”5,see
Table 1). Two patients presented with recent onset of signs
and symptomsof an inflamedankle. In this study, each foot
was consideredone site regardlessof the number of joints
affectedby neuropathicosteoarthropathy.Two other patients
(threesites)had neuropathicjoint changeson serialplain films
and were being evaluated for suspectedosteomyeitis in or

Fourteenpatients (16 sites) with dinical and/or radio
graphicevidenceof neuropathicosteoarthropathy(Char
cot joints) were evaluated with combined indium-i I 1-Ieu
kocyte (111ln-WBC)and technetium-99m-methylene di
phosphonate (@â€˜Tc-MDP)bone imaging for suspected
osteomyelitis.Magneticresonance(MR) imageswere ob
tamedin sevenpatients.Usinga positivebonecultureas
thecriterionforthepresenceofosteomyelitis,therewere
four true-positive studies, six true-negative sites, and one
false-negative 111ln-WBCstudy. Five of 16 sites (31%) had
false-positive 1111n-WBCuptake at noninfected sites. There
werefourtrue-positiveandthreefalse-positiveMRstudies.
M false-positives showed at least moderately abnormal
findingsby bothtechniquesat sitesof rapidlyprogressing
osteoarthropathy of recent onset. In this preliminary study,
both techniques appear to be sensitive for detection of
osteomyelitis, and a negative study makes osteomyelitis
unlikely. However, the findings of 111In-WBCfl@â€•Tc-MDP
and MR images at sites of rapidly progressing, noninfected
neuropathicosteoarthropathymay be indistinguishable
from those of osteomyelitis.

J NucIMed 1990;31:549â€”556

euorpathic osteoarthropathy (Charcot joint dis
ease) refers to the bone and joint changes occurring in
patients with an underlying spinal or peripheral neu
ropathy (1â€”5).It is not uncommon for osteomyelitis to
occur in or adjacent to sites affected by neuropathic
osteoarthropathy. Many ofthe clinical and radiographic
findings of neuro-osteoarthropathy, especially in rap
idly progressing cases (4), are also seen in patients with
a primary bone and/orjoint infection (1,2,5).

Three-phase bone scintigraphy and/or combined gal
lium-67 (67Ga)/technetium-99m-methylene diphos
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adjacent to these joints. The fifth patient was undergoingRESULTSpreoperative
evaluation for possible osteomyelitis at an

The clinical and diagnostic imaging results are sumatrophic nonunited wrist fracture.
marized in Table 1. Two patients (Cases I and 2) hadNine patients (10 sites) with diabetic neuropathy presented

with draining foot ulcers or evidence of soft-tissue infection false-positive â€˜â€˜hIn@WBCfl@mTc@MDPimages at culture
of the feet. Eight patients had plain film findings of Charcot negative but acutely inflamed ankle and adjacentjointschanges

in multiple joints of the feet and one (Case 13) of the foot (Fig. 1). A third patient (Case 3) had a true
developed radiographic abnormalities in the ensuing 6-wk negative â€˜â€˜IIn@WBCfl@mTc@MDP study of a sympto
interval. Two of these had clinical and radiographic findings matic right hip joint that had shown recent plainfilmof

Charcot joints in both feet. In both cases, cultures were progression of Charcot changes. Another patient(Caseobtained
from one foot only, since the contralateral foot 4) with a perirectal ulcer had serial plain films that

remained stable and asymptomatic by clinical and radio- showed Charcot changes in both hips and had had prior

graphic follow-up. episoies of osteomyelitis in the right ischium. Scintig
Scintigraphy raphy of the pelvis and left femur showedtrue-positiveEach

patient underwent three-phase bone scintigraphy after findings at a culture-positive left hip joint and at mid
20 mCi (740 MBq) of i.v. 99mTc@MDP.Delayed bone images
were acquired for 2,000 i.d./crn2 using a large field-of-view
gamma camera, equipped with a high-resolutioncollimator,and

a 15% window centered at 140 keV. White bloodcell(WBC)
labeling with@ â€˜â€˜In-oxinewas accomplishedusingamodification

(11) of the technique reported by Thakur etal.(12).
Combined 5-mm 99mTCMDP bone and 15-mm@@ â€˜In

WBC scintigraphswere obtained 18â€”24hr after i.v.injectionof
400â€”500@iCi(14.8â€”18.5 MBq) ofâ€•â€˜In-WBCs.A medium

energy collimator was used for image acquisition. A10%window
centeredat 140 keV was used for @mTc@MDPimages,and

a 5% windowcenteredat the l73-keV photopeakanda20%
window at the 247-keV photopeak were used fortheâ€œIn-WBC

images(13).The
scintigraphicimageswere interpreted inconjunctionwith

plain films by four of the authors (J.E.S., F.W.F., D.K.,
and S.C.S.K.) independently without knowledge of patient
histories, culture results, and/or clinical course. Duplicate
copies of the paired â€˜â€˜hIn.WBCfl@mTc.MDPimages in each T C â€¢M D P
projection were utilized so that the â€˜â€˜â€˜In-WBCimages could
be superimposed over the corresponding 99mTc@MDPbone
images, to determine if labeled leukocytes were localized to
bone and/or to soft tissue (13). Indium-l 1l-WBC/technetium R
99m-MDP images were judged positive for osteomyelitisif
I I â€˜In-WBC uptake corresponded to abnormal bone remodel

ing and was greater than that of the adjacent or contralateral
Post. R.Lat.normal bone marrow.The â€˜â€˜â€˜In-WBClocalization was graded

mild, moderate, or marked.@@@@@@@
.@ 111WBC

@ .@@@@

Magnetic Resonance Imaging@@@ : â€¢@ â€¢
The MR studies were interpreted independently in conjuc-@@@@@ .

tion with the plain films but without the scintigraphsby three i@
of the authors (F.W.F., T.J.G., and S.C.S.K). Magnetic reso
nance studies were considered positive for osteornyelitis if@ .
there was decreased signal intensity on Ti-weighted images
and increasedsignal on either T2-weightedor short-tauinver- B
sion recovery (STIR) images within the bone marrow corn- FIGURE 1

pared to normal marrow signal. All MR examinations were A 37-yr-olddiabetic (Case 1) with peripheralneuropathy and
performed with either a 0.5-T or a l.5-T superconductive unit. intermittent pain, swelling, and erythema of right ankle for 3
At least one Ti-weighted [recoverytime (TR) 400â€”600msec, mo. (A)Radiographshows soft-tissue swelling of rightankle
echotime(TE) 20â€”26msecjand STIR[TR2,250â€”2,450msec, PIU5OStsOlYtiCd@stflJCti0H1of rightsubtalarjoint. Radiographs
inversion time (TI) 125â€”150msec] or one T2-weighted [TR taken 2 wk Previously had shown only soft-tissue swelling.
1,800â€”2,300msec, TE 80-100 msec] pulse sequence were (B) False-Positive combined 111In-WBC(lower)fl@â€•Tc-MDP

bone(upper)imagesshow 111In-WBClocalizationcorrespond
obtained in each MR examination.The slicethicknesswas 5 @ngto the abnormalbone remodelinginleftsubtalarjoint(short
mm. Magnetic resonance images were obtained within 1â€”3 arrow) and adjacent soft tissue (arrowhead) also extending
wk of scintigraphy. mediallyand SUperiOrlyinto ankle joint(long arrow).

A

4

In
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femoral fracture. Both sites were not clinically suspected
to have osteomyelitis. The right hip and the prior
osteotomy site in the right ischium were true-negative
sites.

Case 5, suspected of having early neuropathic osteo
arthropathy ofthe right wrist, showed â€˜â€˜â€˜In-WBClocal
ization at a noninfected, atrophic nonunited fracture
(pseudoarthrosis), and at the adjacent wrist joint. Cul
tures of both sites were negative, but the synovial biop
sies of the pseudoarthrosis and adjacent wrist joint

revealed inflammatory infiltrates. Unfortunately, this
patient expired within a few months from a myocardial
infarction, and follow-up radiographs could not be ob
tamed.

Nine patients (1 1 sites) were evaluated for osteomye
litis involving one or both feet. Two patients (Cases 6
and 7) had true-positive studies on â€˜â€˜IIn@WBCfl@mTc@
MDP images at sites of osteomyelitis and showed no
I I â€˜In-WBC localization in adjacent and contralateral

chronic Charcot joints (Fig. 2). Case 6 had serial plain
film neuropathic changes for 3 yr and Case 7 for 6 yr.
Case 11 had true-positive â€˜â€˜â€˜In-WBCuptake at sites of
osteomyelitis in the right foot, which had only recently
developed neuropathic changes on plain films. In an
other patient (Case 10) with recent onset of osteoar
thropathy, osteomyelitis involving the first metatarsal
was not detected on â€˜â€˜In@WBCp9mTc@MDPimaging
(false-negative).

Three patients (Cases 8, 12, and 14) with chronic
foot ulcers had true-negative studies at sites in or adja
cent to joints showing serial plain film neuropathic
changes for 3, 1.5â€”2,and 6 yr, respectively. One patient
(Case 9) had false-positive â€˜â€˜â€˜In-WBClocalization cor
responding to noninfected bone and joints of the left
midfoot. Prior plain films had been negative, but addi
tional films showed progressive neuropathic changes
during the ensuing 4 mo. One other patient without
foot ulcers (Case 13) presented with pain and swelling
ofthe left foot and lowerleg. Initial radiographs revealed
a healing left calcaneal fracture and narrowing of the
first to third tarso-metatarsal joints. Indium-i 1i-WBC/
technetium-99m-MDP images showed moderately ab
normal localization at the tarso-metatarsal joints and
adjacent soft tissue. Follow-up radiographs within 3 mo
showed progressive Charcot changes in the intertarsal
and tarso-metatarsal joints as well as additional frac
tures. Although cultures were not obtained in this case,
there has been no evidence of infection during 11 mo
of clinical and radiographic follow-up. Furthermore,
the patient was stabilized with casting and never re
ceived antibiotic treatment. (Subsequently, a second
patient has shown very similar clinical and radiographic
findings during 6 mo of follow-up.)

Seven of the i4 patients had MRI and all seven
showed decreased signal intensity on Ti images and
increased signal on T2 and/or STIR images in joint(s)
and adjacent bone marrow (Fig. 3). Four of these pa
tients (Cases 6, 7, 10, and 11) had positive bone cultures
obtained from these sites. However, the three remaining
studies showed identical MR findings at culture-nega
tive sites in patients with recent onset, rapidly progress
ing Charcot osteoarthropathy (Cases 2, 9, and 13). In
contrast, the T2-weighted and STIR images of chronic
noninfected Charcot joints did not show increased sig
nal intensity. In addition, these joint space(s) were not
well delineated.

tar

@ In@1@1WBC

L@ R

I n â€”111 W13 C

FIGURE2
A 68-yr-old diabetic (Case 6) with peripheral neuropathy and
chronic ulcer over lateral left midfoot for 1 yr. (A) Left lateral
and (B)plantar radiographs of left foot show marked destruc
tion and disorganizationof tarsal bone and joints (noted on
prior radiographs for 6 yr), osteolysis, cortical erosion, and
fractures of 5th metatarsal and adjacent soft-tissuecalcifica
tion. (C) True-positive combined 111In-WBCfl@â€•Tc-MDPbone
images show abnormaltracer localizationalong an infected
left 5th metatarsal. The â€˜11ln-WBClocalization corresponds to
the abnormal bone tracer uptake along the 5th metatarsal as
well as in the adjacent soft tissue (arrows). Note the absence
of 111ln-WBClocalizationin the tarsal regions of both feet,
whichshow chronicneuropathicchanges on plainfilmsand
abnormalbone tracer localization.(0) True-positiveMR im
ages show decreased bone marrow signal (arrows) on Ti
(left)and increased signal(arrows)on T2 (right)images in left
5th metatarsal. There is also increased signal on T2 images
in adjacent dorsal and lateral soft tissues.
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FIGURE3
A 57-yr-oldalcoholic(Case 2) withsevere peripheralneuropathy,who presented withpainand swellingof leftankle and foot,
plus a dry ulcer on the plantar aspect of the foot for 6â€”9mo. Multiplebone aspirations and biopsies were culture negative. (A)
Radiographof right foot and ankle shows soft-tissue swellingand mixed osteolyticand hypertrophicsclerotic changes of
anterior talus, anterior calcaneus, and tarsal bones. These findingswere less severe in radiographs taken 4 and 15 mo
previously. (B) False-positive combined 1111n-WBC(nght)fl@â€•Tc-MDPbone (left) images show marked bone remodeling
manifested by increased uptake in the left ankle and midfoot on the bone images. There is also diffuse 111ln-WBClocalization
in the corresponding regions, which extends into the adjacent soft tissue (arrows). (C) False-positive MR images show
decreased bone marrowsignalon Ti (left)and increased signalon T2 (middle)and STIR(right)images in anteriorcalcaneus
and tarsal bones of rightmidfootas wellas adjacent soft tissue.

DISCUSSION

Neuropathic osteoarthropathy usually occurs in

limbs affected by peripheral somatic and autonomic
neurologic deficits. Sympathetic denervation of arteri
oles causes vasodilatation and arteriovenous shunting,
which increases blood flow to the limb (1,4). This is
associated with the development of osteopenia, which
predisposes bone to stress fractures (1,14). Loss of
motor innervation results in muscle weakness and wast
ing, leading to abnormal weight distribution on adja
cent bone andjoints (1,4). Ligaments andjoint capsules
frequently become stretched, resulting in joint instabil
ity and subluxation. Loss of normal pain response
mechanisms often leads to additional mechanical injury
to the region. Thus, relatively minor trauma can initiate
rather marked inflammation and destructive changes
in susceptible bones and joints.

Radiographically, there are two forms of neuropathic
joints: hypertrophic and atrophic (1). The hypertrophic

form is found most frequently in the tarso-metatarsal,
metatarso-phalangeal, ankle, and subtalar joints. It is
characterized predominantly by destructive and repar
ative changes: joint narrowing, subluxation and clislo
cation, bone fragmentation, erosion, fracture, sclerosis,
periosteal new-bone formation, and soft-tissue calcifi
cation. The atrophic form is most commonly identified
in the upper limbs and usually shows resorption of bone
at the joint margins.

Three-phase bone scintigraphy is extremely sensitive
for detection ofearly Charcot bone changes, but cannot
differentiate between neuropathic osteoarthropathy and
osteomyelitis (6,8). Both Charcot osteoarthropathy and
osteomyelitis cause considerable bone remodeling,
which results in increased radiophosphate accumula
tion. Combined 670a/bone imaging is not reliable for
establishing a diagnosis of osteomyelitis because 67Ga

also accumulates in sterile Charcot osteoarthropathy

(7,8).
Recent publications suggest that â€˜â€˜hIn@WBCfl9mTc@
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MDP imaging appears promising for identifying in
fected Charcot osteoarthropathy (8â€”10,15,16). Schau
wecker et al. (16,1 7) have reported better results using
â€˜â€˜IIn@WBC/@mTC@MDP imaging for detection of coex

isting osteomyelitis in neuropathic feet rather than Os
teomyelitis at other sites. This was attributed to two
factors: less surrounding soft-tissue background activity
and the lack of active â€˜â€˜â€˜In-WBCuptake in the normal
bone marrow of the feet. Two of their false-positive
studies resulted from active overlying soft-tissue infec
tion (16).

In our series, five false-positive studies occurred in
patients with recent-onset, rapidly progressing Charcot
osteoarthropathy. Furthermore, two of the four cases
with little or no plain ifim findings to suggest Charcot
osteoarthropathy were initially thought to have throm
bophlebitis because of the marked swelling and ery
thema extending into the calf. It is likely that sites of
rapidly progressing Charcot have a greater degree of
active inflammation and/or reparative changes than
sites with long-standing Charcot osteoarthropathy. In
addition, â€˜â€˜â€˜In-WBClocalization occurs at noninfected
acute fracture sites (9,10,18). Stress or insufficiency
fractures frequently occur at sites of neuropathic oste
oarthropathy and may not be seen on plain-film radio
graphs. Increased bone remodeling, fibro-osseous met
aplasia, periosteal callus, and heterotopic soft-tissue
ossification can also cause â€˜â€˜â€˜In-WBClocalization (13,
18). The poor spatial resolution afforded by radiotracer
techniques is another factor that can make it difficult
to determine ifosteomyelitis is present at sites that have
adjacent soft-tissue infection.

Three-dimensional imaging with MR has proved use
ful in differentiating between bone and soft-tissue infec
tion (19â€”23).The accuracy of MRI for detection of
osteomyelitis complicating Charcot osteoarthropathy
has not been reported. In this series, four of seven
patients had true-positive MRI studies for osteomyelitis.
However, three patients with sites of noninfected, rap
idly progressing Charcot showed findings indistinguish
able from those observed in the culture-positive cases
(Fig. 3).

Magnetic resonance imaging has been shown to have
high sensitivity and specificity for detecting osteomye
litis when there are no concurrent fractures (24). How
ever, signal changes that occur after recent surgery or
healing fracture are difficult to differentiate from active
osteomyeitis within the medullary cavity (19,23). The
signal intensity of healing granulation tissue can be
similar to that of osteomyelitis for 3â€”6mo after an
acute fracture (23). Berquist et al. (19) reported â€œIn
WBC imaging to be more useful than MRI for diagnos
ing infection at fracture sites. Yuh et al. (25) recently
reported false-positive MR marrow findings in the feet
ofdiabetic patients who had recent fractures or surgery.
In addition, early stress fractures not visible on radio

graphs may cause marrow signal changes on MRI.
In summary, the findings of â€˜â€˜In@WBC/@mTc@MDP

and MR imaging at sites of noninfected, rapidly pro
gressing neuropathic osteoarthropathy may be indistin
guishable from those of osteomyelitis. Thus, radiologic
and/or scintigraphic findings of osteomyelitis in pa
tients with peripheral neuropathy may indicate the
onset of noninfected, rapidly progressing Charcot oste
oarthropathy.
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ANSWERS 1@ THE MAY QUIZ

Five Blessings (wu fu) of the Chinese Long Life; Wealth (Health); Tranquility (Virtue); Love; and a
Peaceful End.

Five Books of Moses (Pentateuch) that comprise the Old Testament Genesis; Exodus; Leviticus;
Numbers; Deutoronomy. On the fifth day, birds and fish were created.

Five Days of the work week Monday-Day of the Moon; Tuesday-Day of Mars (OHG Ziesdag-Zues
Day); Wednesdayâ€”Wodensdayâ€”Dayof Mercury; Thursday-Day of Thor-(Day of thunder); Friday
Named for Odin's wifeâ€”Frigg. Friday is also called Hangman's Day since many hangings were car
ned out on Friday.

Five Cardinal Relations between Men (Confucianism) Price and Officer; Father and Son; Elder and
Younger Brother; Husband and Wife; Friend and Friend.

Five Nations The five American Indian tribes making up the Iroquois Confederationâ€”Cayuga;
Mohawk; Oneida; Onondaga; Seneca.

Five Sacred Wounds The wounds made by the nails and the soldier's spears in the body of the
crucified Christ.

Five Senses Sight; Sound; Touch; Smell; and Taste.

Fifth Column Subversive, Sabotour.

Fifth Estate Scientistsâ€”The first four estates are the Clergy, the Noblemen, the Serfs, and the Press.

Fifth House One of the 12 sectors of the horoscope dealing with the houses of the earthâ€”theFifth
House deals with offspring, pleasures, and speculation.

Fifth Wheel An extra part (e.g. , spare tire).

Fifth Business In old repetory theatres, a minor role which is essential to the plot or the individual
given such a role.

Fifth Dimension A popular singing group.
Fifth Element Boron.
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