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In a review of bone scans of 2000 post-trauma patients, the
following rules of bone remodeling after fracture were found:
different bones behave differently; lesions in the vicinity of joints
show an early and high accumulation of the tracer within the first
days after the trauma, whereas fractures of the axial skeleton
and shafts of long bones sometimes need up to 12 days to
appear on scan; all except skull fractures demonstrate a steady
rise of accumulation intensity compared to normal bone for 2-5
wk; the steepness of increase and time of maximum differ sig-
nificantly for different fracture sites. Calculating a ratio 24:4
hours after injection helps differentiate fractures from soft tissue
lesions since fresh fractures show a ratio >1.1. We found no
clinically relevant dependence on sex and age. The scintigraph-
ic/scintimetric behavior of fractures is reproducible and predict-
able, adding specificity to the well-known high sensitivity of bone
scans.
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Since Subramanian () described the ™ Tc-labeling of
phosphate compounds in 1971, bone scintigraphy has be-
come one of the most important routine nuclear medicine
procedures. Initially, oncological indications predomi-
nated, however orthopedic and traumatic questions soon
grew in importance. Although there is ample literature
addressing bone scintigraphy, trauma and orthopedics (2-
6), there is minimal quantitative data regarding bone re-
modeling after trauma.

We retrospectively screened over 2000 patients who un-
derwent bone scintigraphy after trauma. Results indicate
that scintimetric evaluation of bone remodeling after
trauma adds specificity to the high sensitivity of bone scan-
ning.

MATERIAL AND METHODS

Of 2000 cases, only those with complete clinical data and a final
diagnosis were selected. More than two-thirds (1369) showed at
least one fresh fracture documented by x-ray and CT. One-third of
these had their scintigraphic data archived on floppy or optical
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disk, allowing retrospective semiquantitative evaluation (scintim-
etry).

Twenty-Four-Hour Scintimetry

In addition to retrospective evaluation, we prospectively inves-
tigated some trauma patients with a special protocol. Formal
consent was given by 18 patients (10 women, 8 men) to be inves-
tigated several times up to 24 hr after injection. Patient age ranged
from 27-73 yr. Three patients had two bone lesions.

Scintimetry of Different Fracture Sites up to 100 Days
After Trauma

Fractures in 480 patients were investigated: 123 thoracic and
lumbar spine, 100 distal radius, 101 os scaphoid, 59 femoral neck,
48 pelvis and 49 shafts of long bones of the extremities. Of the
shaft fractures, 68% where treated surgically by fixation with
metal plates, whereas only 10% in the distal radius where surgi-
cally treated. Fractures of the spine, the os scaphoid and the
pelvis where treated conservatively in almost 100% of cases.

Except for the group with fractures of the os scaphoid (6
women and 26 men), sex distribution was equal in all groups. Age
ranged from 6 to 88 yr (mean value: 46 yr).

Methods

All patients where investigated with ™Tc-HMDP (CIS Inter-
national) on a digital gamma camera (APEX-415, Elscint) with a
low-energy, general purpose collimator. The individual dose of
9mTc-HMDP was 7-10 MBg/kg body weight for adults and 4
MBg/kg body weight for children.

In the group with 24-hr scintimetry, the first scintigrams were
done 5-min after injection, then at 2-hr, 4-hr, 6-hr and 24-hr inter-
vals. Only in seven of 18 patients could the protocol be completed
for 10 lesions. Six lesions (in four patients) were qualified as new
fractures (10-18 days after trauma) and four (in three patients) as
soft-tissue lesions or degenerative changes.

Investigation time for the large patient group with different
fracture locations ranged from 2 hr to 6 hr after injection. The
mean investigation time was 3.3 hr. All scintigrams were stored in
16k matrices (128 x 128 pixels) on floppy or optical disc. Quan-
titative evaluation of data (scintimetry) was done by applying
known routine procedures to the planar images (7): rectangular,
irregular or circular regions of interest (ROI) were drawn around
the fracture site and a reference region, either on the contralateral
site of the body or, in case of the spine, around the next, nonin-
volved vertebral body above and below fracture. The bone re-
modeling ratios were calculated by dividing the number of counts
per pixel at the fracture site by the number of counts per pixel in
the reference area.

In addition to these general ratios, data of patients with 24-hr
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FIGURE 1. Twenty-four-hour scintimetry of different fresh frac-
tures (ratio of the accumulation intensity at fracture site compared to
a normal reference site).

scintimetry were evaluated by calculating a 4:24-hour ratio at the
site of the bone lesion (8).

To evaluate the reproducibility of scintimetry, calculations of
various ROIs with different sizes and shapes were performed 10
times, calculating the coefficient of variation. Further, the influ-
ence of a plaster cast on scintimetry was studied by measuring the
absorption of a wedge-shaped plaster cast of 1-50 mm thickness,
positioned on a field flood source.

Statistical analysis was done with a SAS software package by
Prof. Hommel from the department of medical statistics and doc-
umentation of the Johannes-Gutenberg-University in Mainz,
FRG.

RESULTS
Technical Aspects

Variations of less than 5% were found when the same
operator used regular and irregular ROIs to calculate 10
times the accumulation intensity of fractures of the distal
radius, os scaphoid and lumbar spine, compared to the
corresponding normal site. Larger reference ROIs gave
lower variations. A flood field with ®™Tc showed an ab-
sorption of about 10% per 10 mm thickness of a wedge-
shaped plaster cast. A bar-phantom interposed between
the flood field and the wedge showed no interference with
resolution of the 6 mm bars up to 5 cm plaster thickness.

Twenty-Four-Hour Scintimetry

All fresh fractures showed increasing accumulation at
the fracture site during 24 hr after injection. But the mag-
nitude of increase differed markedly by site (Fig. 1). Com-
paring accumulation intensity after 24 hr to accumulation
intensity after 4 hr of the same fracture resulted in a ratio
higher than 1.1 in each case. In contrast, soft-tissue lesions
and degenerative processes showed lower ratios and no
relevant increase of accumulation intensity within 24 hr
(Fig. 2).
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FIGURE 2. Twenty-four-hour scintimetry of degenerative pro-
cesses (ratio of accumulation intensity at the lesion compared to a
normal reference site).

Scintimetry of Different Fracture Sites at Intervals after
Trauma

Scintimetric evaluation of the 480 fracture sites resulted
in typical behavior, showing rising ratios within the first
2-3 wk after trauma. However, in the first days, different
bones behaved in different ways: fractures near the joints
of the distal upper and lower extremities showed ratios
higher than 2.0 already on the day of the trauma. Fractures
of the spine and pelvis showed ratios equal to 1.0 or be-
tween 1 and 1.5 within the first days. Fractures of the
femoral neck behaved similarly with ratios that did not
exceed 2.0 for the same time period. For example, Figure
3 shows the calculated ratios of pelvic, distal radius and
spinal fractures within 3 wk after trauma.

Compared to fractures of the spine, fractures of the
distal radius clearly show higher mean values within the
first days post-trauma and also at the time of maximal
accumulation 2-3 wk after trauma. The mean ratios for all
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FIGURE 3. Mean ratios of individual fractures of the pelvis, spine

and distal radius for three-day periods (last group = 6-day period).
Missing values for fractures of the pelvis between day 15 and 17.
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FIGURE 4. Different scintimetric behavior of fractures at different
fracture sites (fracture-to-normal reference site).

fracture locations are compared in Figure 4. The differing
behavior of lesions in different bones is obvious.

STATISTICAL ANALYSIS

To evaluate the visual observations of Figure 4 we ap-
plied different statistical tests to the results.

T-Test After Bonferroni-Correction

In a first step, the mean values of the time periods for
different fracture sites were compared by the Students t-Test
after Bonferroni-correction to observe whether calculated
differences of the time intervals are significant (Table 1).

Linear Regression Analysis
After transformation of values of each fracture location

in their natural logarithm, a linear regression analysis was
done for the first 15 days:

1 3 6 7 9 1 18 18 17 19
days after trauma

FIGURE 5. Linear regression curves of the ratios (In) of different
fracture sites (fracture-to-normal reference site).

In@Q)=a+bxt,

where a represents the intercept, b is the slope and t is the
time after the trauma.

Linear regression curves were different for all bones but
always were positive (Fig. 5). All intercepts were different
from 0. However fractures of the axial skeleton and shafts
of long bones showed smaller intercepts than lesions in the
proximity of joints.

Multiple Linear Regression Analysis
Slopes and intercepts of regression equations where sub-
mitted to the following regression model:

In@=a+blxt+b2Xm+b3xmxt,

TABLE 1
Significance of Ratios (t-test after Bonferroni correction)

Days
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Site 1-2
Site 1-3
Site 14
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Site 24
Site 2-5
Stte 3-4
Site 3-5
Site 4-5
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Site 6-2
Stte 6-3
Site 64
Site 6-5
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ns = differences not significant; t = differences significant in Student-t-test; B = differences significant in t-test after Bonferroni coection;

— = no ratios for this subgroup.

site 1 = distal radius; site 2 = os scaphoid; site 3 = femoral neck; site 4 = spine; site 5 = pelvis; site 6 = shaft of extremities.

Significance level 5%.
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TABLE 2

Significance of the Differences of Intercepts and Slopes

Difference intercept p intercept Difference slope p siope
Site 1-2 -0.276 0.0081 —0.024 0.0777
Site 1-3 -0.718 0.0001 0.018 03164
Site 14 -0.975 0.0001 —0.031 0.0001
Site 1-5 -0.897 0.0001 -0.002 09175
Site 2-3 -0.413 0.0040 0.037 0.0188
Site 24 -0.699 0.0001 -0.006 0.4874
Site 2-5 -0.621 0.0001 0.023 0.0085
Site 3-4 -0.257 0.0010 0.049 0.0001
Site 3-5 —-0.099 0.4916 -0.034 0.0351
Site 4-5 0.078 0.2435 0.029 0.0023
Site 6-1 -0.694 0.0001 0.012 0.5309
Site 6-2 -0418 0.0209 0.036 0.0828
Site 6-3 0.024 0.9185 —0.006 0.8232
Site 64 0.281 0.0093 0.043 0.0004
Site 6-5 0.203 0.3400 0.014 -0.6141

Significance level p < 5%.

Site 1 = distal radius; site 2 = os scaphoid; site 3 = femoral neck; site 4 = spine; site 5 = pelvis; site 6 = shaft of extremities.

where q = ratio [fracture to normal site], t = time after
trauma, m = 0 for loc(i), m = 1 for loc(j). Each time only
two locations (i.e., loc(i) and loc(j)) are compared. State-
ment for b,: difference of the slopes, statement for b,:
difference of the intercepts.

Table 2 shows the results of statistical analysis for dif-
ferent fracture sites.

Squared Regression Analysis

To find the angular point corresponding to the time of the
most intensive bone remodeling, ratios were analyzed with
the following equation:

In(@Q=a+bxt+byxt.

The values ranged from 17.2 days for fractures of the distal
radius to 35.1 days for fractures of long bones. The r?
values ranged from 0.8 for fractures of the os scaphoid to
0.7 for fractures of the femoral neck.

Multiple Regression Analysis with Regard to the Age
of the Patient

To estimate the influence of patient age on bone remod-
eling after a fracture, ratios of the spinal fractures were
analyzed with the following equation:

In(q) = a+ bl x t+ b2 X t? + b3 x age,

considering patient age as an additional factor besides the
time after the trauma. The p-value for b3 (age) was found to
be 0.05. The total r* of the equation was 0.69 and the r* for
the factors (time after trauma) and (time after trauma)’ was
0.68. Thus, for the factor b3 (age), a r* of 0.01 is left.

Mean Values of Different Age Groups

Ratios of all spinal fractures within the first three days
after trauma were divided into age groups up to 55 yr (n =
17) and over 55 yr (n = 14). Mean values were 1.17 + 0.13
versus 1.13 + 0.12 (p = 0.38). Comparison of a second time

interval (8-11 days) gave almost the same result with re-
gard to significance: 1.51 versus 1.61 (p = 0.12).

Multiple Regression Analysis with Regard to Patient’s
Sex

Except for one-time subgroup of the spinal fractures, all
p-values were >0.05, thus revealing no significant sex-
related differences in bone remodeling after fracture.

DISCUSSION

Only five publications concerning bone scintimetry un-
der clinical conditions were found in a review of the liter-
ature (9-13). All deal with one fracture location only: one
article with the spine, two with the tibia and two with the
distal radius. None compared bone remodeling at different
fracture sites. The number of investigated cases also is
much lower, except in spinal fractures (10). Although there
are methodological differences, the trends of reported re-
sults largely agree with our data.

Some experimental work concerning quantitative data
after fractures in animals exists (6, /4-20). However, most
of this work was done with the tibiae of rats and some with
the tibiae of rabbits.

One publication reports on experimental fractures of the
radius in baboons (18). The authors evaluated fracture
healing of long bones in 11 animals after subjecting them to
44 controlled fractures of radius and ulna. In three-phase
scintigraphy they found an early steep rise in activity ac-
cumulation due to reactive blood perfusion in the first
days, maximum activity ratios at 21 days and thereafter a
gradual decrease in activity at the fracture site. These data
are in agreement with the scintimetric results of fractures
of the distal radius in our patients.

Before initiating retrospective evaluation of clinical data,
we checked the qualitative and quantitative influence of the
plaster cast on scintigraphic/scintimetric results. Calcu-
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lated absorption of 10%/cm plaster of the wedge is in agree-
ment with the few reports in the literature (9, 27) and allows
scintigraphy and scintimetry without removing the plaster
cast. The influence of the plaster with an absorption of
10%-20% is negligible compared to the biological varia-
tions and changes in accumulation intensity with ratios up
to 500%—-800%. The same is true with our coefficients of
variation for repeated calculations on the basis of various
ROIs, which are in good agreement with the literature
(11,15,21).

Regarding clinical data, we found a continuous increase
of ratios up to 24 hr after injection. Similar behavior has
been observed in benign and malignant bone lesions. In
1975, Citrin (22) reported increasing activity in tumor le-
sions of the spine up to 4 hr after injection, while normal
vertebrae remained at the same activity level after 2 hr.
Ten years later, Israel and coworkers (23) calculated a
24:4 hr/activity ratio, which was significantly lower in pa-
tients with degenerative changes of the spine compared to
vertebrae with untreated bone metastasis of breast or pros-
tate cancer.

One year later, Castronovo (24) reported significantly
increased 4-hr and 24-hr whole-body retention of *™Tc-
MDP in patients with prostate cancer, compared to pa-
tients with osteoporosis. Alazraki (25) used 4-phase scin-
tigraphy to distinguish between osteomyelitis and periph-
eral vascular disease by adding 24-hour static images to the
3-phase scintigraphy. Patients with osteomyelitis showed
progressively increasing lesion-to-background activity ra-
tios over time. In 1987, Israel and coworkers (8) used their
experience with tumor lesions and adapted their 24:4-hr/
activity ratio technique to distinguish osteomyelitis from
soft-tissue infection.

Explanation for this behavior of benign and malignant
lesions is given by Arnold (26), who developed a two-
compartment model based on the fact that woven bone,
which is produced around osteomyelitis and primary or
metastatic bone tumors, contains large amounts of amor-
phous calcium phosphate. To this, *™Tc phosphate com-
pounds are tightly bound, whereas to normal bone it is
loosely bound and thus exchangeable. Uptake curves of
the bone lesions demonstrate increasing amounts of the
labeled phosphate compounds over time, while those of
normal bone fall progressively during 4-24 hr.

Fresh fractures also contain large amounts of woven
bone. It should then be expected that traumatic lesions
would behave similarly to bone tumors and osteomyelitis.

Indeed, we found a continuous increase of the ratios up
to 24 hr after injection, while the behavior of soft-tissue
lesions and degenerative changes, resulting in either slowly
decreasing or horizontal curves was identical to previous
reports in the literature (8,22-26).

In addition, except for the first days after fracture, cal-
culated ratios are usually much lower for soft-tissue lesions
in comparison to fractures and rarely exceed a ratio of 3.0.
This fits the concept that reactive hyperaemia will increase
accumulation of *™Tc-MDP only by a factor of 2-3 (27).

Scintimetric Evaluation of Remodeling * Spitz et al.

Our 24-hr scintimetry data are not numerous enough to
be validated statistically. However, since they are consis-
tent with experimental and clinical data in the literature, it
seems appropriate to observe that by comparing the 24-hr
accumulation ratio to the 4-hr accumulation, ratios below
1.1 exclude a fresh fracture.

Within the first 2 wk, all fractures showed a continuous
rise in calculated ratios. But we noticed significant differ-
ences concerning the initial intensity and steepness of the
further rise of the accumulation intensity of different frac-
ture sites. As a rule, fractures of the axial skeleton showed
accumulation ratios only slightly higher than 1.0 compared
to fractures in the proximity of joints with ratio higher than
2.0 in the first days after trauma.

Interpretation of these statistically significant differences
is not easy, particularly as no animal experiments with
fractured bones of the spine and pelvis exist. One reason
for the difference might be the blood supply of the various
bones. Rhinelander (28 29) demonstrated a significant de-
lay in callus formation in tibial fractures, depending on
whether or not the fracture was dislocated, since disloca-
tion leads to a disruption of local bone blood supply. Huit-
tinen and Slitis (30) report on postmortem observations of
multiple-injury patients. They found an unexpectedly high
incidence of fractures of the dorsal pelvic ring combined
with disrupted vessels. As in the study of dislocated frac-
tures of the tibia, interrupted blood supply could explain
the slow reaction of the pelvic bone after fracture.

All fresh fractures typically showed rising ratios until
they peaked between 2-5 wk post-trauma. There were
significant differences in the steepness of the calculated
slope of different bones. The reason for these differences is
the extent of callus formation of different bones, which can
be easily understood by comparing the large callus reaction
of a femoral fracture treated by plaster cast to the small
response of a broken vertebral body.

Fractures of the skull support this interpretation. In a
study to be published elsewhere, we screened a large group
of multiple-injury patients, five of whom had fractures of
the skull. Only one showed a very faint accumulation in the
bone scan, the other four showed no callus reaction at all.
In another multiple-regression analysis we tried to support
Matin’s thesis (37) that appearance time of fractures de-
pends on patient age. The multiple-regression analysis of
spinal fractures showed, however, that age as factor added
only 1% to interpretation of values, compared to 68% by
the factor of time after trauma. Similarly, the mean values
of different age groups showed no significant difference in
bone remodeling between younger and older patients.

Despite different conclusions, Matin’s data are consis-
tent with the present: Matin considered only patient age
and not the fracture site: 20 patients who were investigated
within 24 hr after fracture showed positive reaction in 16
cases. Of four patients with negative reaction, three were
older than 65 yr, leading to the conclusion that appearance
time is age-dependent. However, two had a femoral neck
fracture and one a compression fracture of the spine. The
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fourth patient with negative reaction also showed a frac-
ture of the spine, but was only 10 yr old. Thus, all four
patients with negative reaction had fractures of the axial
skeleton or shafts of long bones even though one was only
10 yr old.

Other publications support these findings and report de-
lay in scintigraphic appearance time of fractures of the
spine and pelvis (32-35).

SUMMARY

Synopsis of our scintimetric data and of clinical and
experimental data of the literature leads to the following
general rules of bone remodeling after fracture in humans:

1. Within 24 hr after fracture, the affected bone and its
surrounding area may show diffuse reactive increase
in perfusion.

2. The extent and intensity of initial accumulation de-
pends on the fracture site. Lesions in the proximity of
joints show up immediately, lesions of the axial skel-
eton and shafts of long bones sometimes only after
10-12 days.

3. In the subsequent 2-3 wk, all fresh fractures show an
increasing accumulation of tracer. The scale of this
increase in accumulation intensity is significantly dif-
ferent for the different fracture sites.

4. Similar bones at different skeletal sites (i.e., thoracic
and lumbar spine or the shafts of humeri, femur and
tibia) show similar behavior.

5. Depending on fracture site, the peak of tracer accu-
mulation was found between 2-5 wk post-trauma.

6. Different fracture sites show different accumulation
intensity after injection and different extent of in-
crease in accumulation in the following 24 hr.

7. The calculation of a 24:4 hr ratio allows differentia-
tion of a fracture from soft-tissue lesions with reac-
tive hyperemia, the fractures showing values higher
than 1.1.

8. Patients’ age and sex have no clinical relevance for
the extent of bone remodeling post-trauma.
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CORRECTION

The following table originally appeared on page 898 of ‘‘Plasma D-Dimer: A Useful Tool for Evaluating Suspected
Pulmonary Embolus,’” Harrison et al., J Nucl Med 1993;34:896—-898. The values in boldface type in the Spec and
PPU columns have been corrected.

) TABLE 3
V/Q Results Versus D-D Results
PAG+ PAG-

No. PAG D-D+ D-D- D-D+ D-D- Sens Spec PPV NPV
Low probability 21 4 0 5 12 1.00 0.71 0.44 1.00
Indeterminate 37 8 1 13 15 0.89 054 0.38 094
High probability 5 3 0 1 1 1.00 0.50 0.75 1.00
Total 63 15 1 19 28 0.94 0.59 044 097
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