
Necrosis of the femoral head is a major problem
after fracture of the neck, and is assumed to result from
vascular injury. Thus, a simple reliable method to mea
sure blood supply to the femoral head would be useful
in predicting the subsequent development of avascular
necrosis.

In a previous study (I) we have shown that In
I I 3m-labeled transfernin could be used to demonstrate
differences in blood supply to femoral-bone tissue as
measured on biopsy samples of bone and serum. We then
calculated the ratios for cpm per gram bone over cpm per
gram serum. The highest ratios were found in pertro
chanteric fractures, followed by Garden types I and II.
The lowest ratios were obtained in patients with reop
crated fractures. Significant differences appeared be
tween the pertrochanteric group, Garden 1+ II, Garden
Ill + IV, and the reoperated group.
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The short physical half-life of In-I l3m (100 mm) and
a waiting period of several hours between the intravenous
administration and the activity measurements sometimes
make the use of this radiotracer cumbersome.

As Tc-99m is generally available, the use of Tc
99m-labeled RBCs seemed a practical alternative. We
therefore compared blood-supply measurements with
the two methods.

MATERIAL AND METHODS

Twenty-two patients were studied. Twenty-one of
them had recent fractures of the femoral neck, and the
twenty-second was operated on again for nonunion of a
fracture sustained I0 mo earlier. Informed consent was
obtained. In I â€”4ml ofO.040 M HCI, 5.4 mCi of I I3mIn
Cl3 (200 MBq) were injected intravenously. ln(Ill) thus
injected binds to serum transfernin (2). Then 8.4 smole
of Sn(ll), obtained as Sn5(DTPA)2, in 2 ml 0.15 M
NaCl was injected into another vein followed by 5.4 mCi
(200 MBq) Na99mTcO4 10 mm later (3).
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The uptakeof in vivolabeledTc-99m RBCsandIn-i 13mtransferrinwas studied
In femoralboneof 21 patientswhohadrecentoperationsfor fractureof the femo
ral neck. Femoralbonebiopsiesandbloodsampleswere obtainedduringthe oper
ation.The activity valuesfor bone biopsies,erythrocytes,and serumwere deter
mined, and the uptake ratiosbetween bone and erythrocytecpm/g and between
bone and serum were calculated. Biopsysamples were taken from the femoral
head in 21 casesandfromthe trochantericregionin 14. The activftyratiosfor the
two tracers correlatedwell: r 0.94 for femoral head biopsies(P <0.001) and r
= 0.98 for samples from the trochanteric region (P <0.001). Thus, the procedures

are interchangeableand either may be valuable in assessingbone bloodsupply.
An additionalpatient,studiedonlywithTc-99m RBCs,had a subsequentoperation
for nonunionof a fracture.Samplesof bothcancellousand corticalbonewere ob.
tamed from the removed head. The activity ratios for the two types of bone tissue
differedsignificantly(P = 0.02).
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During the operation, I â€”5hr after injection, biopsy
samples were obtained from the trochanteric region in
I 4 cases and from the femoral head in 2 1 cases. For the

patient with nonunion, studied with Tc-99m RBCs only,
the removedfemoral headwascut into slices.Samples
of both cancellous and cortical bone were obtained.

For bone biopsy a hole was drilled through the cortical
bone of the subtrochanteric region. Under fluoroscopic
control a bone-biopsy cannula was introduced through
this hole. Biopsies were taken from the trochanteric re
gion and from the femoral head. A venous blood sample
was also taken during the biopsy procedure. The in vivo
labeling efficiency for red blood cells with Tc-99m was
determined in every case. The activity concentration in
the erythrocyte fraction was compared with that of whole
blood. The labeling efficiency so determined ranged from
79 to 9 1%. The weights of the bone samples of cylindrical
form ranged from 100 to 360 mg, with only one excep
tion, a 25-mg sample. Bone cylinders longer than 1 cm
were cut into two pieces of equal length. Water was
added to obtain sample volumes of 1.0 ml. The activity
values for bone biopsies, erythrocytes, and serum were
determined with a well counter. A dual spectrometer
permitted the measurement of both radionuclides in the
same sample, with corrections made for the calculable
contribution from In-I I 3m in the Tc-99m channel and
for background. The ratios for cpm per gram bone to
cpm per gram serum, and erythrocytes, respectively,
werecalculated.Theuncertaintyof theactivityratiodue
to counting statistics was negligible for Tc-99m. For
In- 113m, however, this uncertainty, expressed as Â±I s.d.,
ranged from 1.2 to 6.6% of the ratios.

RESULTS

Figure 1 shows the graph of activity ratios from
femoral head biopsies. The ratios for the two radiotracers
were well correlated: r = 0.94 (P <0.001 ). Figure 2 gives
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FIG.1. c@1aphofactivityratiosforfemoral-headbiopsies,withline
of identity.Ratiosforthetworadiotracerswerewellcorrelated:r
= 0.94 (P < 0.001). Uncertainties due to counting statistics (Â± 1

s.d.)are shownfor ratioscalculatedwith In-i 13m.Uncertaintieswith
Tc-99m were negligible in all cases.
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FIG. 2. G@aphof activity ratios for biopsies from trochanteric region,
with line of identity. Ratios for the two radiotracers were well cor
related:r = 0.98 (P< 0.001).Uncertaintiesdueto countingstatistics
(:1:1s.d.)with In-i 13mare shown.Uncertaintieswith Tc-99m were
negligible.

the correlationof theactivity ratios for biopsiesfrom the
trochanteric region: r = 0.98 (P <0.001 ). The line of
identity is shown in both figures. Although it is unknown
whetherthedatafit a normaldistribution,wepreferthe
graphic representation. The correlation was estimated
with Pearson's least-squares method. The uncertainties
due to counting statistics (Â±I s.d.) for the ratios calcu
lated with In-I l3m are shown. Uncertainties with Tc
99m were negligible in all cases.

Table I shows the activity ratios with Tc-99m RBCs
for femoral biopsies of cancellous bone. Samples from
the trochanteric region could not be obtained in seven
cases. For the remaining 14 patients, Spearman's rank
correlation test shows an intraindividual association
between the femoral head ratios and those of the tro
chanteric region: rs 0.59 (P 0.02).

Table 2 givestheactivityratioswithTc-99m RBCs,
labeled in vivo, for both cortical and cancellous bone
samples from the femoral head of the patient with
nonunion. The Wilcoxon matched-pairs signed-ranks
test shows a significant difference between the ratios (P
= 0.02).

DISCUSSION

Tucker (4) was the first to study the uptake of P-32
in femoral bone. He used disodium phosphate(P-32),
which wasavailable at that time. Tucker compared the
count rates in bone specimens from the head and the
trochanteric region. Later Boyd and Zilversmit (5)
measured the activity in vivo of P-32 in the femoral head
with a small Geiger-Muller probe inserted into the head.

Theycalculatedtrochanter-to-headratios.Thus,in both
studies the trochanteric bone, in which the blood supply
was known to be normal even after fracture of the neck

of the femur, served as a control. Phosphate(P-32) is a
weak bone seeker, and according to Boyd and Zilversmit
its uptake in bone does not solely reflect the bone's blood
supply.
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slow clearance from blood makes this radiotracer suit
able for blood-pool imaging. The uptake of In-I I 3m
transferrin in bone tissue thus reflects blood supply.
Similarly, RBCs labeled in vivo with Tc-99m remain in
the vascular system for at least 53 hr after injection (3).
Since serum and enythrocytes, respectively, served as
standards, no biologic variation in the trochanteric
biopsies affected our ratios. Table 2 shows that the ac
tivity ratios for one sample varied considerably. This is
probably due to biologic variation. As the activity con
centration in both erythrocyte and serum fraction of
blood is about five times as high as that of femoral bone,
ratios so calculated are less subject to uncertainty owing

to counting statistics.
Moreover, biopsy samples from the trochanteric re

gion could not always be obtained owing to paucity of
cancellous bone in that region. In the present series,
trochantenic biopsies were obtained in 14 of 2! cases, as
seen in Table 1. Our ratios for cpm per gram bone over
cpm per gram serum and erythrocytes, respectively,
simply express the fractions of serum and erythrocytes
present in bone a few hours after injection.

Judging from Figs. 1 and 2 it may seem that compared
with In-113m transfernin, Tc-99m RBCs remain longer
in the vascularspaceand thusin bonetissue.The activity
ratios were equal. In cases not included in the present
series, with labeling yields below 70% for Tc-99m RBCs,

increased activity ratios were obtained owing to the ab

sence of Tc-99m in the erythrocyte fraction of blood. The
labeling efficiency of RBCs with Tc-99m should be de
termined in every case, since low yields were sometimes
obtained (3). Free pertechnetate is partly removed from
the vascular space when it is taken up by the thyroid,
salivary glands, and stomach, and when it is excreted by
the kidneys. The activity ratios for biopsies and blood
samples obtained 1â€”5hr after the in vivo labeling with
yields of more than 70% were not influenced by the free

pertechnetate remaining in the vascular space. Other
sources of error are contamination of the bone sample
with radioactive blood and compression of bone. The
biopsy procedure in the present study effectively avoided
contamination, and compression was probably negli

gible.

Activity ratiocpm
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Cancellous Cortical Difference Rank
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TABLE1. ACTIVITYRATIOSWITh Tc-99m
RBCsFOR FEMORALBIOPSIESOF

CANCELLOUS BONE

1 0.048
2 0.169
3 0.086
4 0.252
5 0.209
6 0.262
7 0.321
8 0.093
9 0.200

10 0.186
11 0.022
12 0.263
13 0.085
14 0.234
15 0.088
16 0.103
17 0.120
18 0.116
19 0.176
20 0.140
21 0.148

. Spearman's rank correlation test shows an intra-indi

vidualassociationbetweenratios for femoral headbiopsies
and those of trochanteric region: r5 = 0.59 (P = 0.02).

0.035
0.286
0.165
0.242
0.258
0.227
0.231
0.126
0.329
0.234
0.050
0.241
0.055
0.217

Notavailable

In our studywe usedthe activityconcentrationsof
serum and erythrocytes, respectively, as a standard.
Indium(III), at acid pH, injected intravenously in ionic
form, is known to be bound to serum transfernin (2). The

TABLE2. ACTIVITYRATIOSWITh Tc-99m
RBCsFOR FEMORALHEAD BIOPSIESOF

CANCELLOUSAND CORTICALBONEFROMA
PATIENTWITH NONUNION

In a previous study ofseven patients operated on again
for nonunion, we used only In-I l3m transferrin (1). In
all of them we found extremely low activity ratios for
femoral head biopsies of cancellous bone. The ratios
ranged from 0.010 to 0.077 (median 0.030). Hence, a
cutoff value for pathologically low blood supply may be
0.080. This value is probably applicable also to Tc-99m
RBCs, since the activity ratios for this tracer correlated
well with those of In- I 13m transferrin. According to the
findings in the I4 patients in Table I , the ratios for the
femoral head were correlated with those for the tro
chanteric region. The ratios are determined more by
interindividual variation in blood supply to cancellous

1 0.097
2 0.083
3 0.077
4 0.057
5 0.036
6 0.057
7 0.044

0.019
0.020
0.028
0.029
0.019
0.029
0.014

0.078
0.063
0.049
0.028
0.017
0.028
0.030

7
6
5
2.5

2.5
4

. Wilcoxon matched-pairs signed-ranks test: P 0.02.
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bone than by intra-individual variation between femoral
head and trochanteric region.

Three of the activity ratios for cancellous bone in
Table 2 were close to the suggested cutoff value of 0.080
representing cancellous bone. This patient had a second
operation due to nonunion of a fracture. Nonunion may
result from a vascular injury. From the data in Table 2
we conclude that the blood supply was disturbed:
pathologically low Tc-99m RBC concentrations were
found in five samples of cancellous bone, and the ne
maining two samples were low normal when compared
with the median value of 0.148 for femoral head biopsies
in Table I . The cutoff value is probably subject to bio
logic variation and, therefore, may not be so well defined
as suggested with In-i 13m transfernin, based on only
seven reoperated patients (1 ). This part ofthe study was
undertaken primarily to test the reproducibility of the
activity ratios, i.e., to study the representativity of the
sample and to compare the ratios for cancellous and
cortical bone. The differences in Table 2 were calculated
as part of the statistical procedure, i.e., to simplify the
ranking. The physiological significance of the differences
is that the concentrations of Tc-99m RBCs in cancellous
bone are about three times as high as those of cortical
bone for this patient. Whether this difference is due to
a difference in blood supply secondary to (a) a vascular
injury or (b) a difference in vascularity cannot be de
duced from this study and has no practical implication.
Whatever the reason, the blood supply to the femoral
head was reduced, as seen in Table 2. From these data
we conclude that a difference in blood supply to cortical
and cancellous bone tissue can be measured readily with
Tc-99m RBCs.

The diagnosis of avascular necrosis with scintilla
tion-camera imaging will always be problematic if one
uses a bone-seeking agent such as Tc-99m-labeled
methylene diphosphonate (MDP). This is due to the
presence of new-bone formation, with intense uptake of

the tracer close to the necrotic region, because such a
region has a decreased uptake (6).

Both methods evaluated in the present study could be
ofvalue in the determination ofbone blood supply. The
use of red blood cells labeled with Tc-99m offers an ideal
method without theoretical objections.

The clinical significance of the method lies in its
possible use as a predictor of avascular necrosis. During
operation the activity concentrations in the bone biopsies
and the erythrocyte fraction of the blood can be deter
mined in 10 mm. If the labeling efficiency was deter
mined in advance, no further separation of the red blood
cells from the serum is needed for the activity measure
ment during operation. A reliable test would enable the
surgeon to assess the viability of the femoral head, and
this would help him to decide whether nailing or a pro
thesis should be preferred. In most of our patients the
outcome is not yet known, since a follow-up for at least
24 mo is needed.

REFERENCES

I . SANDEGARD J, KEMPI V: Uptake of In-I I 3m in the femoral
head after femoral neck fracture. Proceedingsof the Scandi
navian Orthopaedic Association, Helsinki, June 1980. Ada
OrthopScand52:444, 1981 (abet)

2. HOSAIN F, MCINTYRE PA, P0UL0sE K, et al: Bindingof
trace amounts of ionic indium-I I3m to plasma transferrin. Clin
Chem Acta 24:69-75, 1969

3. KEMPI V, VAN DER LINDEN W: Diagnosis of deep vein
thrombosis with in vivo 99mTc.labeled red blood cells. Eur J
NucI Med 6:5-9, 1981

4. TUCKER FR: The use of radioactive phosphorus in the diag
nosis of avascular necrosisof the femoral head. J BoneJoint
Surg32-B: 100-107, 1950

5. BOYD HB, ZILVERSMIT DB: The use of radio-active phos
phorus (P32) to determine the viability of the head of the femur.
J BoneJointSurg37-A:260-269,I955

6. GREGG PJ, WALDER DN: Scintigraphy versus radiography
in the earlydiagnosisof experimentalbonenecrosis.J Bone
JointSurg62-B:214-221,1980

April 10-15, 1983 Waiohai Hotel (Kauai)
Hawaiian Regent (Oahu)

Kauai and Oahu, Hawaii

Announcement

Howard Parker, M.D., Program Chairman, announces plans for a Western Regional Hawaii Spring Conference to
takeplaceApril10-14,1983attheWaiohaiHotelonKauaiandApril14-15,1983attheHawaiianRegentinHonolulu.
The program will feature invited speakers covering topics of current interest, including cardiology, instrumentation,
computers, NMR, and interesting clinical case studies. The meeting is sponsored by the Pacific Northwest, Southern
California, Northern California, and Hawaii Chapters ofthe Society of Nuclear Medicine.

For further information, contact: Jean Parker, P.O. Box 40279. San Francisco. CA 94140. Tel: (415)647-0722.
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