
constants from multiple-time uptake data. Generalizations. J Cereb B/ood
F/ow Metab 1985:5:584â€”590.

3I . LandawEM. DiStefanoJJ. Multiexponential,multicompartmentalnon
compartmentalmodeling.II. Data analysisand statisticalconsiderations.
Am J Pht@iol1984;246:R665â€”R677.

32. Hosking DJ and Chamberlain MJ. Studies in man with â€œF.C/in Sd
1972:42:153â€”161.

33.SimonetWT.BronkJT,PintoMR.WilliamsEA,MeadowsTH,KellyPJ.

Cortical and cancellous bone: age-related changes in morphological fea
tures, fluid spaces, and calcium homeostasis in dogs. Mayo C/in Proc
1988;63:154â€”160.

34.Li 0, Bronk,JT, Kelly PJ.Caninebonebloodflowestimatedwith
microspheres.J OrthoRes l989;7:61â€”67.

35.KalenderWA,FelsenbergD,Louis0, etal.Referencevaluesfortrabecular
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computed tomography. Eur J Rad l989;9:75â€”80.

I . The â€œflareâ€•phenomenonin bone scmntigraphyrefersto
which one of the following?

A. An increaseinuptakeinhealingmetastasesfollowing
therapy

B. Theextendedpatternseenwithprimarybonetumors.
C. The flame-likeedge seen in long-bone lesionsof

Paget's disease.
D. The persistingminimal uptake seen in regressing

metastases.
E. Thecalvarialflameseenintheskullonobliqueviews.

2. Whichoneofthefollowingmechanismsismostimportant
in causing locally increased uptake of a bone-seeking
radiopharmaceuticalin an osseouslesion?

A. Increasedbloodflow
B. Increasedcompactbone mass
C. The presenceof excessiveorganicmatrix
D. Increasedlocalalkalinephosphataseactivity
E. Increasedsurfaceareaofhydroxyapatitecrystalsper

unit volume of bone

3. A bone mineral measurement on the lumbar spine of a
middle-agedwomanwasperformedby dual-photonab
sorptiometry. Areal density was 0.75 g/cm2.This value is
below the fracture threshold of 0.98g/cm2and below the
secondpercentileof the normal range,basedon age
race andsex-matchedcontrols.Thebonemineralimage
fromwhichthe quotedresultswereobtainedisshownin
FigureI. Whichoneofthe followingstatementsregarding
the interpretationof the bonemineralmeasurementsin
this patient is correct?

A. Thebonemineralimageshowsevidenceforsignificant
degenerative disease.

B. Thetracingshowssomebone mineralinthe location
ofthetransverseprocesses.Thisinvalidatestheresults
and a radial bone mineral measurement should be
used,instead,for evaluationof this patient.

C. Nearly all womenwith a bone mineralvalueof 0.75
g/cm2 have one or more compression fractures.

D. The bone mineralmeasurementis likelyto be of no
clinical significance in this patient.

E. The bonemineralimageshowsuniformbonemineral
distribution in the lumbar spine.

L
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SELF-STUDY TEST

Skeletal Nuclear Medicine
Questions are taken from the Nuclear Medicine Seff-StudyProgramI,

published by The Society of Nuclear Medicine
DIRECTIONS

Thefollowingitemsconsistof a questionor incompletestatementfollowedbyfive letteredanswersor completions.
Select the one lettered answer or completion that is best in each case. Answers may be found on page 747.

FIgure1
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pulmonary embolism. Circulation l969;39:663â€”674.
20. Wellman HN, Mack JF, Saenger EL, Friedman BI. Clinical experience

with oblique views in pulmonary perfusion scintigraphy in normal and
pathological anatomy. J NuclMed l968;9:374.

2l. Surprenant EL, Browning N, Webber MM. The significance of shine
through on the side view lung scan. J NuciMed 1967;8:400.

22. Foster-Carter AF. The anatomy of the bronchial tree. Br J Tuberculosis
1942;36: 19â€”39.

23. Brock RC. The anatomy ofthe bronchialtree, 2nd edition. London: Oxford
University Press; 1954.

(continued from page 642)

24. Anderson JE. Grant@satlas ofanatomy, 7th edition. London: Williams and
Wilkins; 1980.

25. Terry PB, Traystman Ri, Newball HH, ci al. Collateral ventilation in man.
N EnglJ Med l978;298:lOâ€”l5.

26. Berg RM, Boyden EA, Smith FR. An analysis ofthe segmental bronchi of
the left lowerlobeoffifty dissected,and ten injected,lungs.J ThoracSurg
1949;l8:216â€”236.

27. Ceraldi CM, Schabel SI, Waxman K. Normal ventilation/perfusion lung
scan in a patient with proven pulmonary embolus. Crit Care Med 1990;
18:577â€”578.

4. This 66-yr-old man with known chronic lymphocytic
leukemia has pain in his left thigh and low-grade fever.
Youare shown an anterior image from a 99mTcMDP bone
scan (Fig. 2) and anterior and left lateral images obtain
ed with @Gacitrate (Fig. 3.) Which one of the following
is the best explanation for the focal abnormality (arrow)
in the left femur?

A. Acuteosteomyelitis
B. Acuteinfarct
C. Chronicinfarct
D. Leukemicinfiltration
E. Metastaticcarcinoma

5. This 58-yr-old woman has had pain and swelling of the
right hand for several weeks. Youare shown images from
three-phaseskeletalscintigraphywith 99mTcMDP (Fig.
4). Which one ofthefollowing isthe mostlikely diagnosis?

A. Rheumatoidarthritis
B. Calcium pyrophosphate dihydrate (CPPD) crystal

depositiondisease
C. Reflexsympatheticdystrophysyndrome
D. Cellulitis
E. Post-traumaticarteriovenousfistula

I.:,@

4'A@ .

:â€˜

6. Whichoneofthe followingisthe/eastlikely scintigraphic
finding expected with a 1-wk-old,uncomplicated fracture?

,.f A. Increased perfusion at the fracture site on radionuclide
angiography with 9OmTcMDP

B. Increased â€˜blood-pool'â€˜activityatthe fracture site on
an immediate image with 99mTcMDP.

C. Increasedconcentrationof99mTcMDPatthefracture
siteon a 3-hrdelayedimage.

D. Increaseduptakeof 67Gacitrateat the fracturesite.
E. Increaseduptake 1111n-labeledleukocytesatthefrac

turesite.

(continuedon page 747)
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6. Ohtomo K, Furui S, Kokubo 1, Yashiro N, Itai Y, ho M. CT diagnosis of
membranous obstruction of the hepatic segment of the inferior vena cava
(primary Budd-Chiari syndrome). Jpn J C/in Radio! 1987;32:275â€”279.

7. Halkar RK. Budd-Chiari syndrome. Radiology 1989;172:580.
8. Tavill AS, Wood EJ, Kreel L, Jones EA, Gregory M, Sherlock S. The

Budd-Chiari syndrome: correlation between hepatic scintigraphy and the
clinical, radiological, and pathological findings in nineteen cases of hepatic
venous outflow obstruction. Gastroenterology l975;68:509â€”518.

9. Lee V'W, Peng TI, O'Brien MJ, Hauck RM. Budd.Chiari syndrome
complicating hepatocellular carcinoma demonstration by multiple radio
tracerscintigraphy.C/inNuc/Medl986;l1:102â€”107.

10. Sy WM, Lao RS, Nissen A, Kim TS. Occlusion of inferior vena cava:
features by radionuclide venography. J Nuc/ Med 1978;l9: 1007â€”1012.

I I. Huang M-J, Liaw Y-F, Tzen K-Y. Radionuclide venography in Budd
Chiari syndrome with intrahepatic vena caval obstruction. J NucI Med
1985;26: 145â€”148.

ITEM 1: â€œFlareâ€•Phenomenon
ANSWER: A
Theterm â€˜flarephenomenonâ€•wasoriginallyused by Gillespieet al. to
describetheincreaseinactivityseenon87m5rbonescansduringtreat
mentof patientswithmetastaticdiseasewhowererespondingto chemo
therapy.This phenomenon was further characterizedby Rossleighet
al. in patientsundergoing 99mTcMDP bone scintigraphyfor evaluation
of therapy for breast cancer metastases.They defined the@ flare
response'â€˜as: (1)an increase in tracer uptake or in the apparent size
of knownmetastaticlesionsand/orthe appearanceof newlesionswithin
6 mo of commencing therapy, in the absence of increasing bone pain
(inpractice,howeverpainoccursinsomepatientsrespondingtotherapy);
and (2)subsequentdecreaseduptakeintheselesions,withouta change
in therapy,on repeatscintigraphywithin2â€”3mo. In this series,ten pa
tients showed a healing â€˜â€˜flareresponse'â€˜6 wk to 6 mo after therapy.
Five of the ten patientsshowed increaseduptake in previously
demonstratedlesions.In the other fivepatients,newlesionswere iden
tifiedthat previouslywereundetected. Inallofthe patients,therapywas
notalteredduring the courseof the serialstudies,therewasa reduction
in bone painor objectivetumor responsesinothersites,and laterfollow
up studiesshoweddecreaseduptakein the knownlesions.Inonly one
ofthe patientswasa radiographicchange(sclerosisofa lyticlesion)seen
in associationwiththe healingflare.The â€˜â€˜flarephenomenon'â€˜hasbeen
seen in patientswith prostatecarcinoma and other tumors, as well. It
also may occur locally in regionsundergoing irradiationfor metastatic
disease.The likelihoodof observingthe â€˜â€˜flarephenomenon'â€˜depends
on the type oftumor, the type oftherapy, the intervalafteronsetof treat
ment, and the frequency of bone scintigraphy.

The â€˜â€˜extendedpattern'â€˜seenwithprimarybonetumorsin long bones
is not relatedto the â€˜â€˜flarephenomenon.'â€˜Patientswithprimarybone
tumors may show increasedactivity in adjacent jointsor along the en
tireextremity.Thisincreaseinactivityisusuallymildtomoderateinde
greeand isthought to be due eitherto generalizedincreasedbloodflow
to the extremityor to a change in the patient'sgait. The â€œextendedpat
tern'â€˜isone reasonthat bone scintigraphymayoverestimatethe extent
of osseous involvementby a primary bone tumor.Similar â€œextendedâ€•
findingsalsooccurwith inflammatorylesionsof the long bones.

When Paget'sdiseaseinvolveslong bones,the processmay involve
the entirebone or it mayextendfromone end of the bone for a variable
length intothe diaphysis.Radiographically,the leadingedge ofthe lytic
phaseof Paget'sdiseasein a longbonehasbeendescribedasa â€œflame
like'â€˜rarefaction.Thisalsohas beencharacterizedasa â€˜â€˜bladeof grassâ€•
appearance.

The persisting minimal uptake seen in regressingmetastasesis not
theâ€˜â€˜flarephenomenon.'â€˜Thisuptakelikelyreflectscontinuedremodel
ingofboneafterthelocaltumordeposithasbeenreducedoreradicated.

On oblique scintigrams of the skull, an area of increasedactivity in
the anteriortemporoparietalregion isoccasionallyseen.Thishasbeen
called a calvarial flame and probably is due to the increased bone
thicknessof the lateralorbital ridge or the pterionviewedon end in this
projection.
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ITEM 2: MechanIsmsof RadlopharmaceuticalUptakein Osseous
Lesions
ANSWER: E
Bone-seekingradiopharmaceuticalsareaccumulatedingreaterdegree
atskeletalsiteswherethereis increasedbloodflow(thusexposingthat
bone to more tracer for chemisorption over any given time), and also
insitesofnewboneformationswherethereisanincreaseinthesurface
areaof hydroxyapatitecrystalsper unit volumeof bone. Newlyforming
hydroxyapatitecrystalsareof smallersizethan maturecrystalsand pro
vide a relativelygreater surface area for chemisorption of the tracer.
Althoughboth increasedblood flowand newboneformation(withasso
ciatedincreasein crystalsurfacearea)are important,severalstudies
have shown that the magnitude of the change in blood flow is insufti
cientto accountforthesubstantiallyincreasedtraceraccumulationin
epiphysealplates,metastaticlesions,and healingfractures.

A large mass of compact bone with normal blood flow and hydrox
yapatitedepositionwillnotnecessarilyhaveincreaseduptake;e.g.,bone
islands are not usually noticeably â€œhotâ€•by scintigraphy.

Theorganicmatrixhas ratherlowaffinityfor the @â€˜Tcdiphosphonate
agents when compared with hydroxyapatitecrystals.There is littleex
perimentalevidencethat alkalinephosphataseactivitybearsa relation
shipto the localizationof bone-seekingradiopharmaceuticals.
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ProximalfemoralBone
mineral

in spine or
femur(g/cm2)Prevalence

of L1â€”L4
vertebralfractures(%)fracture

incidence per
@ooopersonâ€”years
Neck Trochanter

>1.40 0 0 0
1.20â€”1.39 0.1 0 0
1.00â€”1.19 6.8 0.2 0.1
0.80â€”0.99 26.1 2.0 0.8
0.60â€”0.79 47.5 6.5 5.3

<0.60 48.8 8.8 17.6

[Table2 adaptedfromWahnerHW.Single-anddual-photonabsorp
tiometry in osteoporosis and osteomalacia. Semin NucI Med
1987;17:305â€”315.]
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ITEM 3: InterpretatIon of Lumbar Bone MIneral Measurements
ANSWER:E
Whensignificantdegenerativehypertrophicchangesarepresent,or
when markedly calcified plaques in the aorta overlie the spine, the
measuredbone mineraldoes notaccuratelyreflectbone density in the
vertebraealone and cannot be used to draw diagnostic conclusions
regarding bone massor fracture risk.Otherconditions interferingwith
measurementof spinal bone massare listedin TableI. Mostof the time,
thesecanbeidentifiedfromthespinalradiographsobtainedbeforethe
test.Occasionally,however,theseproblemsfirstbecomeapparentwhen
the bone mineral image is being reviewed.

The tracing depicted in Figure 1 is of good quality and shows no
evidenceofdegenerativedisease,spinaldeformity,artifacts,ortechnical
problems.Thereisauniformdistributionofbonemineralinthispatient's
lumbar spine.

Although the bone mineral imagesoccasionallyshow bone mineral
in the regionof the transverseprocesseson sometypes of instruments,
the processingalgorithmeliminatestheseareas.Further,a manualover
rideisavailabletoallowcheckingandcorrectingofthe edgesifnecessary.
The image can be displayedwith the edges identifiedfor final assess
ment. In this patient, this would not be necessary.

Lessthanhalfof allwomenwithbonemineralvaluesof0.75g/cm2
havea spinal compressionfracture (Table2). Thisstatisticstressesthe
distinction between the assessmentof fracture risk by bone mineral
measurementsand the diagnosisof fractureor otherirreversiblechanges
by radiography.

Bonemineralassessmentis theonlynontraumatictestthatcan be
used to measure bone mass in patientsat high risk of bone loss prior
to the occurrence of irreversiblechanges. Also, in patients with com
pressionfractures,the amount of bone mass actually presentand the
risk for further fracturescan be assessedonly by bone mineralmeas

21. Lee LL, Pryor DB, Pieper KS, et al. Prognostic value of radionuclide
angiography in medically treated patients with coronary artery disease.
Circulationl990;82:1705â€”1717.
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volume is the major determinant ofsurvival after recovery from myocardial
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for operative intervention for aortic regurgitation. I. Evaluation of the
results of aortic valve replacement in symptomatic patients. Circulation
1980;6l:47lâ€”483.
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echocardiographic evaluation of asymptomatic patients. Circulation
1980;61:484â€”492.
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28. Sheehan FH, Minen-Lewis S. Factors influencing accuracy in left ventric
ular volume determination. Am I Cardiol 1989;64:66lâ€”664.

TABLE1
FalseResultsIn BoneMineralMeasurements

Conditionsresultingin falsely
low bone mineral

Laminectomy

[Table1 adaptedfrom FreemanLM, WeissmannHS,eds,Nuclear
Medicine Annual 1986 Raven Press 1986:195â€”226.]

TABLE2
RelationshipBetweenBoneMineraland FractureRisk

in Normal Women from Minnesota

Conditions resulting in falsely
highbonemineral

Marked aortic calcification
Hypertrophicdegenerative

joint and disc disease
Bonegrafts
Lipiodolin the spinalcanal
Calcium-containingtabletsin

the gastrointestinal tract

Conditions resulting in
falsely high or low bone
mineral

Compression fractures and
other post traumatic
changes

Marked scoliosis and other
spinaldeformities

Focalvertebrallesions(lytic
or sclerotic)

770 The Journal of Nuclear Medicine@ Vol. 33@ No. 5@ May1992



SELF-STUDY TEST ANSWERS

bilities suitable for imaging â€˜@â€˜Itherapy patients using
absorber sheets. Nonetheless, it is important that any
gamma camera system proposed for use in imaging ther
apeutic levels of â€˜@â€˜Ibe carefully evaluated to determine
its count-rate limitations.

The requirement of reducing camera count rates with
absorber sheets has prevented us from performing SPECT
imaging of therapeutic doses. Although not impossible,
SPECT imaging could be cumbersome with the technique
we have outlined because the camera system must be able
to accurately rotate the additional weight. Other engineer
ing problems include designing a safe method of attaching
Pb sheets weighing from 30 to 50 pounds to the front face
of the collimator.

There are well known limitations to planar imaging
methods of estimating in vivo radiotracer concentrations
(13,14). However, for relative comparison of radiotracer
concentrations in multiple studies of the same subject,
planar imaging can be precise (14). A comparison of the
biodistribution of trace and therapeutic levels of â€˜311-la
beled monoclonal antibodies can be accomplished in this
manner. The use of this therapeutic imaging technique
will enable us to increase our understanding of radioim
munotherapy dosimetry and patient response to treat
ment.
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urements.Inthispatient,a ratherunexpectedlylowbonemasswasfound
that warrants consideration of an aggressive treatment plan. Other
metabolic bone diseases need to be excluded in this patient.
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ITEM 4: Acute Infarct of Bone
ANSWER: B
The imagesillustratetypicalfindingsof acuteinfarctionofthe leftfemoral
diaphysisin this 66-yr-oldman. The scintigraphicstudieswereordered
to determine whether infection was the cause of bone pain and
tenderness.The finding of decreasedactivitywith both 99mTcand 67Ga
virtuallyexciudesthepossibilityofinfection.Onbonescintigraphyalone,
however,early acute osteomyelitisoccasionally appears as a photon
deficientlesionbecauseof interruptionofthe bloodsupplytothe infected
bone.

Chronic infarctionand metastaticcarcinomagenerallyareassociated
with enhanced 9@mTcMDP uptake.The uptake of 67Gain a region of
chronicinfarctionisvariable,butwillbe lessthanthatseenwith99mTc
MDP Dependingon the specificcarcinoma,67Gauptakein a metastasis
that wasphoton-deficienton bone scintigraphywould likelybe increas
ed because of gallium accumulation in the tumor tissue. Bone scm
tigraphyin uncomplicatedleukemia(particularlychronicleukemia)isnor
mal, but increased activity may be seen if there is cellular packing of
the medullarycavity.Inchildrenwithacute leukemia,focal metaphyseal

lesionsresemblingmetastasesmay be seen. Also, in acute leukemia,
67Gascintigraphy often shows a generalized increase in skeletalac
cumulationoftracer,butthe appearanceismoreoftennormalwithchronic
leukemias.

References
1. AmundsenTA,SiegelMJ,SiegelBA.Osteomyelitisand infarctionin sicklecell

hemoglobinopathies differentiation by combined technetium and gallium scm
tigraphy. Radiology 1984:153:807-812.

2. Armas AA, Goldsmith 5,1 Gallium scmntigraphyin bone infarction. Correlation
with bone imaging. C/in Nuc/ Med 1984;9:1-3.

3. BekermanC,HollerPB,BitranJD.The roleofgallium-67inthe clinicalevalua
tionofcancer.SeminNuc/Med 1984;14:296-323.

ITEM 5: Reflex Sympathetic Dystrophy Syndrome
ANSWER: C
Thethree-phasescintigraphicstudyin Figure4 demonstratesmarked
diffusehyperperfusionandhyperemiaoftherighthandandwrist.There
ismoderatediffuselyincreasedactivityonthedelayedimagewithperiar
ticularaccentuation.Thesefindingsarecharacteristicofthe reflexsympa
theticdystrophysyndrome(Sudek'satrophy).Amongthelistedoptions,
cellulitisisthe mostdifficulttoexclude.Thehyperperfusionand hyperemia
would be typical findings with cellulitisbut, in general, the delayed im
ages will show only a mildly diffuse increase in tracer accumulation in
the subjacent bone or bones. The presence of symptoms for several
weeksalsowould be atypicalfor cellulitis;affectedpatientsusuallyseek
medical attention sooner than this.

Itwould be most unusualfor acute rheumatoidsynovitisto involveall
(continuedon page 818)
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the jointsof one hand and wrist, while sparing the opposite hand. Fur
thermore, the blood-pool image will demonstrate selectively greater
hyperemia in the joint synovia, which is not seen in this patient.

Pseudogoutor CPPDcrystaldepositiondiseaseispredominantlyan
ailment of the large joints, such as the knee,usuallyafflictingone joint
initially and rarely the interphalangealjoints. Blood-pool imaging will
demonstratethe inflamedsynovialvasculature,as in rheumatoidarthritis.

An arteriovenousfistulawill leadto short-circuitingofthe blood supp
ly to the tissues distal to it, and would not cause the scintigraphic fin
dings seen in this patient.The diffuse hyperperfusionand hyperemia
of the entire hand is inconsistentwith this diagnosis.
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ITEM 6: Scintigraphlc Findings with Recent Fractures

ANSWER: E
Significantaccumulationof 111In leukocytesat the siteof a healingfrac
ture does not occur unlessthere is a complicating osteomyelitis.Mildly
increaseduptakeof 111lnleukocyteshas been reportedto occur in
associationwithcallusformationor adjacentmyositisossificans.On bone
scintigraphy,hyperperfusion,hyperemia,and marked uptake of 99mTc
MDPon delayedimagesaretypicalwith recentfracture.Theaccumula
tionof67Gaat newfracturesitesisusuallyincreasedaswell.Therelative
uptakeof 67Gain the lesioncan be as great as that of 9@â€•TcMDP,and
eithercongruentindistributionor lessextensive.Thisseemsto bea func
tionof the amountof calluslaiddown.
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