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The purpose of the present study was to determine the scintimetric time course
(STC) for Tc-99m(Sn)polyphosphate in rabbit tibias after various osteosynthetic
procedures, and to correlate the findings with those from serial radiographs and
with autoradiographic and histologie evaluation of the bone. The STC was similar
for all treatment groups, with a peak value within the second week after surgery.
Significantly different levels of the STC were found after subperiosteal exploration,
plate insertion, osteotomy and compression plating, or osteotomy and medullary
nailing. The radiological, autoradiographic, and histolÃ³gica!findings revealed that
Tc-99m scintimetry monitors callus formation. The STC thus appears to be a valu
able tool for the quantitative study of bone healing.
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Tc-99m(Sn)polyphosphate accumulates in newly
formed mineralizing bone tissue (/ ,2), and the sequence
of events during fracture healing has been demonstrated
autoradiographically in rat fractures (2).

The aim of this study was to determine the Tc-
99m(Sn)polyphosphate scintimetric time course (STC)
in a series of osteotomies and experimental fractures of
the rabbit's tibia and to evaluate the ability of scintimetry

to demonstrate differences and variations of callus for
mation by comparison of the STC with previously pub
lished macroscÃ³pica!, radiological, and histolÃ³gica!
findings (3).

MATERIAL AND METHODS

Thirty-five white rabbits with an average weight of
3.4 kg (range 2.4-4.5 kg), divided into eight groups ac
cording to the operation performed (Table 1), were
anesthetized once a week during 4 wk for scintimetric
examination of the tibia, with the exception of four of the
animals in Group C (details in Table 1). One animal in
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Group C was excluded due to a persistent large hema
toma. Details of the anesthesia and operation have been
published earlier (3).

The rabbits were placed on a special examining table
(Fig. 1). The location of the osteotomy or fracture was
determined by radiography before each study. A dose
of 1 mCi of Tc-99m mixed with 10 mg polyphosphate
was given by ear vein.

The scintimetry was performed with a lead-shielded
scintillation detector (Nal, 1.75 X 2 in.) connected to a
pulse-height discriminator with ratemeter and linear
recorder. The collimator had a cylindrical aperture, 3.6
cm in diam and 7.2 cm long. During the examination the
scintillation detector was placed with the collimator
centered over the lesion, touching the skin, thus counting
over an area of 10.18 cm2. The radioactivity was re

corded continuously (Fig. 2). When the count rate was
reasonably constant for 2 min, the scintillation detector
was moved to the corresponding site on the other leg. The
procedure was repeated three times on each leg (Fig. 2).
The background radiation was measured before each
study (Fig. 2B) but was so small that it could be ig
nored.

From the chart the count rate (av. ~ 2500 cps) was
read and corrected for the physical decay. Corresponding
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TABLE1.GroupABCDEFGHTotalType

of operativeprocedureSubperiosteal

explorationofthe

tibia.Subperiosteal

applicationofa

plate to thetibia.Osteotomy,

plateosteosynthesis,intended

longitudinalcompression.Osteotomy,

plateosteosynthesis,intended

longitudinalcompression,reaming

of the medullarycanal.Osteotomy,

plateosteosynthesis,intended

longitudinalcompression,interposition

of a polystandisc.Osteotomy,

plateosteosynthesis,no

compressionintended.Fracture,

plateosteosynthesis,longitudinal

compressionintended.Osteotomy,

medullary nailing.No.

of
animals4474443434

to the three successive measurements, ratios (Ri, R2, and
R3) were calculated for the count rate on the operated
side over the contralateral cps. The coefficient of vari
ation for the triplicate measurement was calculated to
be about 5% for all levels of the ratio.

The systematic creep during a measuring session re
vealed that on the average the ratio increased by 0.098
(p < O.Ol) from R, to R2 (average R, = 2.47), and by
0.061 (p < O.Ol) from R2 to R3. On the average the first
measurement was accomplished after TI = 13.8 Â±5.8
(1 s.d.) min after administration of the tracer, and all
measurements were finished after 28.5 Â±7.1 min.
However, on the average this increase of the ratio
amounts to only 10%of RI over the time period (TÂ¡Â±
2 s.d.) during which RI was measured. This scintimetric
ratio was used as an index of the bone formation around
the fracture and for the further statistical analysis of the
results.

FIG. 1. Scintimetry on rabbit, utilizing a scintillation detector and
specially designed examining table.

5 10 15 20 25 30 35 M

FIG. 2. Recording of triplicate scintimetry, showing maximum
counts per second over surgical lesion (F) to be approached at ~15

min after the administration of tracer (arrow). Measurements appear
reproducible over surgical lesion (F,F,F) as well as over nonoperated
leg (N.N.N). Background activity (B,B) is negligible. All measurements
were completed in about 30 min. Abscissa = time in min; ordinate
= counts per second.

To ensure sufficient radioactivity for the autoradio-
grams (2), an additional intravenous injection of 10 mCi
of Tc-99m mixed with 100 mg of polyphosphate was
given 30 min before the animals were killed. The tibia
was removed, denuded, and divided along its central
sagittal plane for contact autoradiography and histo-

logical examination (3).

RESULTS

Higher radioactivity was always found on the operated
side compared with the nonoperated side, with one ex
ception where the R\ was 0.97 (Table 2, Group A, No.
75047, 4th wk).

The mean STCs for Groups A, B, C, and H are plotted
in Fig. 3, and for Groups C, D, E, F, and G in Fig. 4.

An extensive statistical analysis of the STC has been
performed.* This was based on the hypothesis that a
given scintimetric ratio (R) is composed of the sum of
the level of the ratio, the time effect (weeks), and the
biological variation. This hypothesis was validated by
a fairly detailed analysis of the deviations.

A nested two-way analysis of variance showed that the
time effect may be assumed equal for all eight treatment
groups, and that the average ratio of all groups does vary
significantly between the weeks, with a peak value in the
second week. Since the biological variations must be
taken into account, the further comparison between the
treatment groups must be made on the basis of group
averages, which are given in Table 3. A general test for
identity of all eight groups was very clearly rejected (p
< 0.0005), and so was the hypothesis of homogeneity of
the four fundamentally different treatment groups (A,
B, C, and H). To compare two groups at a time, one
should use the ordinary t-test, with 0.125 as the esti-
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TABLE 2.SCINTIMETRICRATIO(ROGroup,
"

animalno.A

75031A
75053A
75047A
75042B

75029B
75103B
75098B
75062C

75050C
75102C
75097C
75137C
75141C
75140C
75138D

75051D
75105D
75104D
75045E

75063E
75048E
75049E
75041F

75056F
75064F
75023F
75095G

75133G
75134G
75136H

75120H
75119H
75122H
75121Week

No.11.641.441.731.922.022.272.322.551.972.662.92â€”â€”â€”â€”1.962.302.643.011.852.673.263.502.382.502.833.252.813.022.982.812.843.293.3921.681.471.612.012.041.781.843.112.692.502.78â€”â€”â€”â€”2.792.302.432.442.203.154.193.142.943.552.263.153.542.162.852.973.904.344.4431.521.091.221.291.651.941.742.122.162.051.89â€”â€”â€”â€”2.751.831.783.262.432.643.143.413.142.451.912.072.961.822.742.513.453.353.6341.501.120.971.391.681.641.671.941.851.932.121.501.611.982.412.781.841.992.602.722.312.553.792.742.311.652.532.552.382.372.103.853.482.948
12â€”

â€”â€”
â€”â€”
â€”â€”

â€”â€”
â€”â€”
â€”â€”

â€”â€”
â€”1.44

1.411.631.551.83

1.77â€”

â€”â€”
â€”â€”
â€”â€”â€”

â€”â€”
â€”â€”
â€”â€”

â€”â€”
â€”â€”
â€”â€”
â€”â€”

â€”â€”
â€”â€”
â€”â€”

â€”â€”
â€”â€”

â€”*

ForgroupsseeTable1.

mated basic variance of a rabbit mean. The comparison
of Group C with the modifications of surgical technique
in Groups D, E, F, and G showed only Group E to be
statistically different (p < 0.025).

The autoradiograms made after 4 wk showed a high
uptake of the tracer in areas showing new bone formation
by macroscopic, radiological, and histolÃ³gica!criteria
W

The autoradiograms of Group A showed a small but
distinct periosteal accumulation of radioactivity, cor

responding to the periosteal callus discernible only by
microscopy. The autoradiograms of the remaining
groups showed a varying amount of periosteal tracer
accumulation corresponding to the varying amount of
macroscopically evaluated periosteal callus formation
found on the divided bone (Figs. 5 and 6). Endosteal
tracer accumulation was substantial in Groups C-H and
was comparable to the histologically evaluated endosteal
callus. The cortical bone displayed very little, if any,
radioactivity. However, the autoradiograms demon-
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FIG. 3. Mean scintimetric time course (STC), based on mean
scintimetric ratio (cps from operated leg/contralateral cps) for the
first measurement in each study (R,) in Groups A, B, C, and H (sur
gical procedures listed in Table 1). Abscissa = time in weeks after
operation; ordinate = mean scintimetric ratio; SEM = standard error

of the mean.

strated radioactivity in only a small section of the bone
and thus were unsuitable for quantitative evaluation.

DISCUSSION

Radioactive tracers have been used previously in the
study of bone healing (for surveys see Nilsonne (10) and
Falkenberg (5)).

Subramanian and McAfee (/) showed that Tc-
99m(Sn)polyphosphate accumulates in callus to a far
greater extent than in mature cortical bone. This finding
was confirmed in a previous autoradiographic study of
bone healing in rats (2), and it substantiates the use of
scintimetry for the study of callus formation.

An increased accumulation of the tracer followed the
surgical procedure in all animals where new bone for
mation was clearly visible histologically (3). On the
average, maximum count rates for practical purposes
were found 14 min after the administration of the tracer,
a finding compatible with those of Subramanian and
McAfee.

The majority (75% or more) of the Tc-99m(Sn)-
polyphosphate is cleared from the blood within a few
minutes (6,7). The decrease of tracer content in the
blood, the hyperemia around the surgical lesion (8,9),
and the stable union between the tracer complex and the

1234 weeks

FIG. 4. Scintimetric time courses for average Ft, in groups indicated.
For surgical procedures see Table 1. Abscissa = time in weeks after
operation; ordinate = mean scintimetric ratio.

callus (2) explain the increase of the ratio R with time.
It appears from this study, however, that the increase of
the ratio within the period of measurement is rather
small. This systematic error, and the error involved in
reproducing the position of the detector, are included in
the estimate of the maximum error of measurement:
coefficient of variation ~5%.

The STC was parallel in all groups, with a peak value
not later than the second week. These findings are sta
tistically significant and agree with the findings of
MacDonald (4) and Falkenberg (5), who used Sr-85 in
studies of fracture healing in rabbits.

The STC indicates that the intensity of the calcifica
tion process diminishes with increasing maturity of the
callus; this parallels the autoradiologically determined
variations that occur during fracture healing in rats
(2).

Scintimetry disclosed the callus formation earlier than
the radiological examinations (3). This demonstrates
that the mineralization process has to be present for some
time before radiological methods can detect new bone
formation. Scintimetry shows the accretion process,
whereas radiology shows the accumulated accretion.

Statistically different levels of the STC were found in
the fundamentally different treatment groups (A, B, C,
and H). The radiological and histolÃ³gica! analyses,
previously published (3), explain these findings. When

TABLENoGroupof

rabbitsAverage
R413.A.47AVERAGE

GROUP4B2.01SCINTIMETRICRATIOSC32.29D42.41(WEEKSE42.931, 2,3,F42.60and 4)G32.68H43.33
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FIG. 5. Autoradiogram of tibia (No. 75102, Group C) 4 wk after
osteotomy. Light area indicates concentration of tracer. Arrow in
dicates site of osteotomy, P indicates cortical bone beneath plate;
S indicates sites of screws. Proximal fragment is seen at right
1X3).

only a subperiosteal exposure of the tibia was performed
(Group A) only histologically detectable periosteal callus
developed. When a plate was applied to the intact tibia
(Group B), radiologically visible periosteal callus de
veloped at the edge of the plate and at the tips of the
screws. An osteotomy and compression-plate osteosyn-
thesis (Group C) induced the development of additional
endosteal callus, and medullary nailing (Group H) led
to the formation of large amounts of radiologically visible
periosteal callus.

From the comparisons between the STCs for the
standard surgical procedure (Group C: osteotomy and
compression-plate osteosynthesis) and the surgical
modifications in Groups D, E, F, and G, it was found that
neither destruction of the vessels of the medullary canal
(Group D), nor the size of the osteotomy or fracture gap
(Groups F and G) led to a statistically significant change
in STC. This is in agreement with the autoradiological,
radiological, and histological findings, where only minor
differences in periosteal and endosteal callus formation
could be found.

The STC of Group E was significantly higher than
that of Group C. The slower decrease of the ratio in that
group could be explained as resulting from a prolonged
stimulus to callus formation, since no bridging callus
added to the stability of the osteosynthesis. None of the
radiological, histological, or autoradiological findings
explained the deviation of the scintimetry.

In the present study the autoradiographic technique
was used mainly to locate new bone formation, and it
confirmed the histological findings (3). The formation
of new bone in the cortical fragments was negligible.

This study and the previously published data show
that the factors promoting callus formation appear to be
the elevation of the periost, the application of implant,
and the discontinuity of the long bone. The degree of
callus formation appears to depend on the degree of
stabilization of the fragments and their ability to obtain

FIG. 6. Autoradiogram ot tibia (No. 75064, Group F) 4 wk of ob
servation. Symbols as in Fig. 5.

contact with each other. The local vascularity of the
cortical bone, the distance between the fragments (within
certain limits), and the extent of the osteotomy/fracture
line appear to be of less significance for the development
of callus.

In conclusion, sequential Tc-99m(Sn)polyphosphate
scintimetry appears to provide a method, with an ac
ceptable error, for the assessment of new bone formation,
since the size of the ratio R correlated well with callus
formation, as evaluated radiologically, histologically, and
autoradiographically.

Since atrophie pseudarthrosis is characterized by a
lack of callus formation, and hypertrophie pseudarthrosis
by an increased amount of callus formation, scintimetry
might provide a diagnostic tool to predict the likelihood
of fracture healing in human long bones (/ / ).

FOOTNOTE

* Details can be obtained from the author.
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