
fevers or crises. On examination, the child's temperaturewas
100.7Â°Frectally, and the only other abnormal finding was a pal
pablespleen.

TheinitiallaboratorydataincludedHGB8.5g/dl,HCT25.2%,
MCV78.6u3/RBC,WBC9700/mm3.Hemoglobinelectrophoresis
showed the presence of hemoglobin F 48% and hemoglobin S
50%. The initialchest x-ray was normal.The patientwas empir
ically started on the antibiotic cefoxitin intravenously after appro
priate cultureswere obtained. Due to persistent fever spikes, a
bonescanwasobtainedto ruleoutosteomyeitis.Thescandem
onstratedanintensefocalincreasein activityin themidsternum
(Fig. 1A), and focally increased activity in the right lower ribs
anteriorly.A repeatchest x-ray demonstrateda rightmiddle lobe
infiltrateand the lateralview of the chest and sternum demon
strated sternal cupping of the second segment of the sternal body
(Fig. 1B). Because of poor response, the child was switched to
eiythmmycin and cMoramphenicoland became afebrileon the third
dayof therapy.A repeatsternalradiograph5 mo laterrevealeda
more normalappearance(Fig. 1C)of the mid-sternalsegment.

Patient Two
This patient, also a 14-mo-oldmale, presentedwith a 2-day

histozyof fever up to 102Â°F.He was previouslydiagnosedas
havingsickle-celldisease and had six previousadmissionsfor
fever and/or painfulcrises. At 5 mo of age he was investigated
genetically for an intrauterine growth retardation and microceph
aly and was found to have Wolf-Hirschhom syndrome (chromo
some 4P defect), in which the short armof the chromosome 4 is
missing.In additionto multiplereportedradiographicfindings,
anomaliesof sternalossificationhavebeenspecificallynoted(3).
Thepatientunderwentbonescanningto evaluatebonepaininthe
distal legs. Focal increasedactivity in the second sternalsegment
junction was noted in addition to decreased activity in the first

segment(Fig.2A).TheCXRdemonstratedabsenceofossification
of thefirststernalsegment(Fig.2B).A follow-upx-ray4 molater
demonstratedpersistentabsenceof ossificationinthefirststernal
segment, butwideningandcuppingofthe second andthirdsternal
segments(Fig.2C).Thisfindingandthedecreasedactivityof this
segmentonthebonescancanbe attributedto sternalossification
abnormalitiesdescril,edinWolf-Hirschhornsyndrome.

DISCUSSION

The sternumis composed of four segments duringdevel
opment, which eventuallyfuse to form the body of the ster
num between puberty and 25 yr of age. A fifth and sixth
segment form the xiphoid and manubrium, respectively.
Bone infarction in sickle-cell disease is presumed to be see
ondaiy to sludgingin the small blood vessels supplyingthe

Sternalabnormalitiesin sickle-celldiseasehave beendocu
mented by bone santigraphy and radiography in patients w@i
homozygous sickle-cell anemia, but not in patients w@isickle
thalassemia. We present here two unusual cases of sternal
abnormalitiesin complicatedsickle-calldisease.One is an infant
with radiographicfindings of â€œsternalcuppingâ€•and transient hy
po-ossificationofthe sternumand sicide-thalassemiaThe other
patient is also a male infant with unusual, persistent under
ossificationof bone, in associationwith radiographicfindings of
â€œsternalcupping.â€•The secondpatientalsohada 4P-chromo
somal defect (Woff-Hirschhornsyndrome)in which sternalhypo
ossificationwas desctibed.

Key Words: sternalcuppIng;sickle-callthalassemiadisease;
hypo-ossiflcation;sternal infarction
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he classical clinical features and radiographicfindings
in sickle-cell disease have been well documented since the
first description of the disease by Herrick in 1910 (1). The
literatureis replete with reviews of the sickle-cell disease
process and resultant systemic changes. Involvement of
nearly eveiy bone in the body has been reported in radio
logical literature, but only rarely do articles appear con
cerning roentgenographic findings of sternal involvement.
We present here two unusualcases with radiographicfind
ings of sternal cupping; one in a patient with sickle-cell
thalassemia, and the other in a patient with sickle-cell
disease and Wolf-Hirschorn syndrome. There is only one
report to date that describes nuclear bone scan manifesta
tions of this abnormality(2).

CASE REPORTS
Patient One

A 14-mo-oldmaleinfantpresentedto theemergencyroomat
Ben Taub General Hospital with a 2-day histoiy of fever up to
102Â°F,lethargyand irritability.Reviewof systemswas otherwise
essentially negative. Family history included the child's mother,
whohasthalassemia.Thechildhashadno previousunexplained
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FiGURE1 (A)Delayedbonescandemonstratesafocalareaofincreaseduptakeintheregionofthesecondsternalsegment.Thereis
also increasedactivityin the nbs over@nga nght lower lobe pneumonia (B) Sternalcuppingis apparentwith widening,sclerosisand
irregularity of the second sternal segment (cirde). Some irregularity is also noted at the inferior margin of the second sternal segment. (C)
Sternalcuppinghasalmostresolved5 molater.Thesderosisofthesecondsternalsegmentisstillpresent,suggestinginfarction.

B C

sternum,particularlyduringcrisis. The cuppingis thoughtto
represent reactive bone formationfollowing infarction(4).
Radiographically,sternalcuppingis seen as well-demarcated
cupping and is noted to occur most frequently along the
inferior margin of the first sternal segment. Cupping was not
observed below the second sternal segment and multiple
sternalsegment involvementwas noted in about half of the
patients (4). Osteomyeitis or infarctionof the sternum in
patients with sickle-cell disease has rarely been reported.
Bone scanningin these patientsshouldnot be used solely to
evaluate radiographic manifestations of sternal cupping, but
maybe beneficialinpatientswithsignificantsoft-tissueswell
ing and pain, or other areasof concern.

Levine et al. reviewed a total of 200 patients with either
homozygous sickle-cell anemia or heterozygous sickle-cell
variants for sternal cupping. This abnormality was found in
8% of patientswith sickle-cell anemiaand 10.6%of those
with sickle-cell-hemoglobin C disease. It was not noted in
patientswith sickle-cell thalassemia, sickle-cell traitor nor
mal children. The age range in which this abnormalitywas
noted was 1.25 to 13 yr.

The cause of sternal segment cupping in children with
sickle-cell disease is uncertain. One possibility is deminer
alizationand weakenedbody structures secondaryto mar
row hyperplasia. This mechanism is the one postulated to
explain centraldepression in the vertebralbody end plates.
However, the sternum is not a weight-bearing structure.
Also, unlike the vertebral disorder, sternal cupping is a
temporary phenomenon, a finding that does not support
the foregoinghypothesis. A more reasonableexplanationis

that sludging of the sickled cells in the terminal arterioles
leads to stasis and thrombosis, causing ischemia of the
sternum. The actual cupping noted may be secondary to
subclinical collapse of the sternal segments. Apparent res
olution on follow-up x-rays may be secondary to collateral
circulation (4). The explanation of the nuclear findings is
equally puzzling. Increased localization of the bone tracers
in the bone scan is most probablyin the borderzone of the
cupping,where reparativeosteoblastic changes take place,
ratherthan in the cupping. This explanationfits nicely with
the radiographicobservation of a â€œblasticâ€•process.

Although the finding of focal increased activity in the
sternum most probably represents the manifestations of a
benign process such as infarction, mention of this abnor
mality in the nuclear report is important. A lack of symp
toms relating to the sternum would suggest an old infarc
tion. However, in the acute stage, while differentiation
from osteomyeitis can be difficult, the bone scan, when
abnormal,can be useful in explainingsternalabnormalities
as a cause for chest pain in patients with painful crises.

The effects of abnormalhemoglobin are noted in nearly
evely system of the body. Skeletal changes are usually due
to chronic anemia and the resultant hyperplasia of the
marrow, in addition to abnormalities caused by the sickling
of the red blood cells, including infarction, osteomyelitis,
marrow expansion, joint space narrowing and growth re
tardation(5,6). Nuclear medicine has been used to evalu
ate skeletal, marrow, hepatic and splenic abnormalities
related to sickle-cell disease (7â€”9).The efficacy of the
nuclear bone scan in differentiating infarction from
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FiGURE2. (A)Delayedbonescanshowsrelativelydecreased
actMty in the first sternal segment with a focal area of increased
actMty in the second and third segments. (B) Decreased ossffication
of the first sternal segment (arrow) is aSSOCiatedwith Woff-Hir
schhomsyndrome.Sternalcuppingwas not apparentinitially.(C)
Sternalcuppingwas visiblebetweenthe secondand third sternal
segments4 molater.Defidentoss@cationof thefirststernalsag
mentwasunchanged.

ACKNOWLEDGMENT
The authorsthankCatherineYarboroughfor secretarialassis

tance and patience in compilingthis manuscript.

REFERENCES
1. Herrick JB. Peculiarelongated and sickle-shaped red corpuscles in a case of

severe anemia. Arch Intern Med 1910;6:517.
2. Harcke H, Capitanio MA, Naiman JL Sternal infarction in sickle-cell

anemia: concise communication. INuciMed 1981;22:322-324.
3. Magill HL, Shackelford GD, McAlister WH, Graviss ER. 4p-(Wolf-Hir

schhorn) syndrome. AIR 1980@35:283-288.
4. LevineMS,SpencerB IV, FrancesMG.Sternalcupping:a newfindingin

childhood sickle cell anemia. Radiology 1982;142:367â€”370.
5. Golding JSR, Maclver JE, Went LN, et al. The bone changes in sickle

anemia and its genetic variants. JBoneloint Sw@ 1959;41B:711â€”718.
6. MiddlemissJH, RaperAB. Skeletalchangesin haemo@Jobinopathies.I

Boneloint Siug 1956;48:693-702.
7. Lutzker LG, Alavi A. Bone and marrow imaging in sickle cell disease:

diagnosis of infarction. SenzinNucl Med 1976;6:83-93.
8. Sain A, Sham R, Silver L Bone scan in sickle cell crisis. Clin NucI Med

1978;3:85â€”90.
9. AmundsenT, SiegelM,SiegelB. Osteomyelitisandinfarctioninsicklecell

hemoglobinopathies: differentiation by combined technetium and gallium
scintigraphy. Radiology 1984;153:807-812.

10. MajdM, FrankelRS. Radionuclideimagingin skeletalinflammatoryand
ischemicdiseaseinchildren.AIR 1976;126:832â€”841.

11. LisbonaR, RosenthallL. Observationson the sequentialuse of @â€œTc
phosphatecomplexand67Gaimaginginosteomyeitis,cellulitisandseptic
arthritis Radiology 1977;123:123-129.

osteomyelitis in the acute phase has been questioned,
as old infarctions could simulate infection. With the con
current use of gallium scans, specificity has improved (9).
Skeletal manifestations of sickle-cell disease on bone scans
are also related to bone marrow expansion, infection or
infarction. Diffusely increased activity in somewhat wid
ened metaphyses is commonly noted in childrenandyoung
adults with marrow expansion due to severe anemia or
malignancy. There may be a significant peripheral exten
sion of the marrow even in adults. The bone scan findings
in osteomyelitis, consisting of increased perfusion blood
pool and increased osteoblastic metabolic activity in the
delayed (thirdphase) images in a focal region, have been
discussed in numerous reviews (7,10, 11 ). The spectrum of
manifestations of bone infarctions varies from decreased
activity in the case of early avascular necrosis or infarc
tion, to increased activity in a healinginfarctioncommonly
manifested by sclerosis on radiographs. Infarctions in the
bones of the hands and feet giving rise to dactylitis, also
yields a focus of increased or even decreased activity on
scintigraphy. Bone scan findingsin the sternum have been
reported in six patients with homozygous sickle-cell ane
mia (2).
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