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ABSTRACT

Objective. Increasing use of magnetic resonance
imaging (MRI) in acute knee trauma has led to increased
awareness of bone bruises (BB). Post-traumatic BB is the
only predictor of early osteoarthritis. The aim of our
research is to determine the way in which it is possible to
observe and precisely determine the localization, size, and
number of BBs, by the correct selection of MR imaging
sequences.

Methods. MR examinations of the knees performed
during 2012-2013 in 100 subjects with an acute knee injury
sustained during sports were retrospectively analyzed from
the personal archive. All examinations were done in the first
month after the trauma. Examinations were performed on an
open-type MRI with a power of 0.3T. A standard protocol
was used with sequences of spin echo Tl-weighted in the
sagittal plane, fat suppression T2-weighted in the sagittal,
coronal, and axial planes, and Short Tau Inversion Recovery
(STIR) in the coronal plane. The presence and arrangement
of BB were analyzed. The difference in the frequency of BB
findings in STIR compared to the TIW sequence and the
assessment of the visibility of BB in both sequences were
analyzed.

Results. BB findings were observed in 51% of subjects.
BB is, after effusion, the second, most frequent pathological
finding on MR examination in acute knee trauma. A
significant statistical difference was determined by the
Wilcoxon test (Z=-5.067, p=0.000) between the TIW and
STIR sequence, which indicates that the STIR sequence is
convincingly more sensitive than the TIW sequence for the
diagnosis of BB.

Conclusion. It was concluded that STIR sequence
provides better visibility of BB compared to TIW sequence.

Key words: knee; sports;, magnetic resonance imaging.

SAZETAK

Cilj. Povecanje upotrebe magnetne rezonance (MR)
kod akutne traume kolena dovelo je do podizanja nivoa
svesti o koStanim modricama (KM). Posttraumatske KM
jedini su prediktor ranog osteoartritisa. Cilj nasSeg
istrazivanja bio je da utvrdimo nacin na koji je moguce
uociti i precizno utvrditi lokalizaciju, velicinu i broj KM
pravilnim izborom sekvenci snimanja na MR.

Metode. Retrospektivno su iz licne arhive analizirani
MR pregledi kolena obavljeni tokom 2012/2013. godine
kod 100 ispitanika sa akutnom povredom kolena,
zadobijenom pri sportu. Svi su pregledani u prvih mesec
dana nakon traume. Pregledi su obavljeni na MR
otvorenog tipa snage 0,3T. Koriscen je standardni protokol
sa sekvencama spin echo TI1-weighted u sagitalnoj ravni,
fat suppression T2-weighted u sagitalnoj, koronalnoj i
aksijalnoj ravni i Short Tau Inversion Recovery (STIR) u
koronalnoj ravni. Analizirani su prisustvo i raspored KM.
Analizirana je razlika ucestalosti nalaza KM u STIR u
odnosu na TIW sekvencu i procena vidljivosti KM u obe
sekvence.

Rezultati. Nalaz KM je uocen kod 51% ispitanika. KM
Je, posle efuzije, drugi po ucestalosti patoloski nalaz na
MR pregledu kod akutne traume kolena. Utvrdena je
znacajna statisticka razlika Vilkoksonovim testom (Z =
=5,067, p = 0,000) izmedu TIW i STIR sekvence, Sto
ukazuje na to da je STIR sekvenca ubedljivo senzitivnija od
TIW sekvence za dijagnostiku KM.

Zakljucak. Zakljuceno je da bolju vidljivost KM daje
STIR sekvenca u odnosu na T1W sekvencu.

Kljuéne reci: koleno, sport, magnetna rezonanca
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INTRODUCTION

Magnetic resonance imaging is the only routine
examination of the knee that allows non-invasive bone
marrow analysis. A bone bruise represents a
pathologically altered structure of the bone marrow with
findings of microtrabecular fractures, edema, and
hemorrhage. Bone marrow edema is seen as the primary
MR indicator of bone bruising. On MR examination, it is
defined as a zone of low signal in TIW images and
medium or high signal intensity in T2W images. In the
STIR sequence, bone marrow edema is shown as a zone of
flashy hyperintense signal (1). Post-traumatic BBs are the
only predictor of the development of early osteoarthritis,
injuries to the meniscus or other structures in the knee (2, 3).

The aim of the study is to determine the difference in
the degree of sensitivity of STIR compared to TIW
sequence in the detection of bone bruises.

PATIENTS AND METHODS

Through a retrospective analysis, MR examinations of
the knees performed during 2012-2013 in 100 subjects
with acute knee injuries were selected from the personal
archive and analyzed. Knee traumas are more common in
athletes due to extreme stress, so we analyzed the group of
subjects with sports knee trauma. In this way, a group of
100 subjects was selected who underwent an MR
examination of the knee with an acute knee injury
sustained during sports. All were examined in the first
month after the trauma. A standard protocol was used with
sequences of spin echo Tl1-weighted (SE T1W) in the
sagittal plane, fat suppression T2-weighted (FS T2W) in
the sagittal, coronal, and axial planes and Short Tau
Inversion Recovery (STIR) in the coronal plane.

Total of 76 men and 24 women were examined. The
age of the patients was from 12 to 46 years, and the
average age was 25 £+ 5.6 years. Of the total number of
patients, 55% were younger than 25 years old, and 77%
were younger than 30 years old.

In the MR examination, first of all, the finding of a
bone bruise was analyzed, which was represented by an
abnormal signal of the bone marrow of the femoral
condyles and tibial plateaus, and less often the patella.

Using descriptive statistical methods, the measures of
central tendency and the measures of variability, we
analyzed the incidence of bone bruises in sports trauma as
well as the frequency of localization of bone bruises. The
non-parametric Wilcoxon test was used to analyze the
difference in the frequency of BB findings in STIR and in
relation to TIW sequence, as well as the assessment of
visibility in STIR and T1W sequence.

RESULTS

We analyzed bone bruises according to various
parameters:

e number of BBs in acute knee trauma;
e size of BB;

« assessment of visibility (resolution and signal
intensity) of BB in STIR concerning T1W sequence.

Out of 100 subjects from the sample, one to three bone
bruises were identified in 51 (51%) subjects. Out of 51
subjects, 2 BBs were observed in 27 and even 3 BBs in 7
subjects. When analyzing the size of the BB, we measured
the width of the base of the BB along the cortex and the
depth of the extension of the BB into the subcortical bone.
We introduced the size of the spread of BB in the depth
below the bone cortex in the direction towards the bone
marrow as the main parameter for the analysis of visibility.
We observed that during the analysis of BB in the STIR
sequence, we have significantly better visibility and better
resolution if the intensity of the BB signal is higher, i.e.
more hyperintense, and therefore the contrast and
resolution concerning the surrounding tissue are more
pronounced. Also, the visibility, contrast, and resolution of
BB in TIW sequence were better if BB signal intensity
was lower. That is why we combined those parameters,
which mark better visibility, into one and named it
visibility. So, we created our visibility scale based on the
resolution and intensity of the signal, where it was rated as
0 - not visible, 1 - very poorly visible, 2 - visible, and 3 -
excellent visibility.

In Table 1, we show the depth and visibility of the BB
on the lateral condyle of the femur in the STIR sequence.
From this table, it can be seen that BB whose intensity is
lower has a lower depth, and with the increase in depth,
the intensity of the signal measured by the STIR sequence
also increases.

We also analyzed the visibility of BB on the lateral
femoral condyle in STIR and T1W sequences (Table 2). A
total of 38 BBs were found on the lateral condyle of the
femur (26 anterior and 12 medial).

Using the same methods of descriptive statistics, we
processed data on bone bruises on other bone structures of
the knee. The results did not differ from the findings on the
lateral femoral condyle.

The size of the BB is shown in mm?, and their
visibility in TIW and STIR sequences is shown in Figure
1. We presented the size by the area of the BB obtained as
the product of the width and depth of the BB.

Using the same statistical methods, we analyzed and
compared the findings of the "second" and "third" bone
bruises diagnosed using STIR and T1W sequences. When
we looked at the test subjects with two and three bone
bruises, we got the same picture as in the previous case.
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Table 1. Depth and visibility of the BB on the lateral condyle of the femur measured in the STIR sequence.

STIR signal intensity
Total
Depth BB 0 1 2 3
N % N % N % N % N %
To 10 mm 1 2.6 2 53 1 2.6 - - 4 10.5
To 20 mm - - - - 7 18.4 12 31.6 19 50.0
Over 20 mm - - - - 1 2.6 14 36.8 15 39.5

Table 2. Visibility of BB assessed in TIW and STIR
sequences on the lateral femoral condyle.
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Figure 1: The size of the "first" bruise (by size) in mm?
and its visibility in T1 and STIR sequences.

Both in patients with the second and third BB, a
statistically significant difference was determined by the
Wilcoxon test, for the second (Z=-3.810, p=0.000), for the
third BB (Z=-2.333, p=0.020) between TIW and STIR
sequences. The STIR sequence provides better visibility of
the bone bruise.

In the analysis of the depth of the BB extending into
the trabecular subcortical bone, we made the following
division into three groups: depths up to 10 mm, up to 20
mm and over 20 mm (Table 3). It can be seen that a total
of 15.7% of BBs were up to 10 mm in size, and that 5 out
of 8 BBs up to 10 mm in size (9.8% of the total number of
BBs) are not shown in the TIW sequence, or have very
poor visibility. From this group, no BB has a visibility of
3 in the T1W sequence. A total of 51% of BBs were up to
20 mm in size, and 7 out of 26 BBs (13.8% of the total
number of BBs) are not displayed or have very poor
visibility in the TIW sequence. Only 2 BBs from this
largest group have visibility grade 3 in the TIW sequence,
but 17 of them have good visibility. BBs larger than 20
mm make up 33.3% of the total number of BBs, and only
1 out of 17 BBs has very poor visibility (2% of the total
number of BBs), while the other 16 have good or excellent
visibility in the T1W sequence. A total of 19.6% of BBs
are not seen in TIW sequence, and 6% of them are seen
very poorly in TIW sequence.

DISSCUSION

Conventional radiographic techniques are limited in
showing the bone marrow. Thus, the analysis of bone
marrow characteristics, especially BB, is based on MR
examinations. The normal bone marrow signal on MR is
the same as the subcutaneous fat signal, so it is shown as

Table 3. BB visibility in TIW sequence in three groups, up to 10 mm, up to 20 mm and larger than 20 mm.

T1W visibility
Total
Depth BB 0 1 2 3
N % N % N % N % N %
to 10 mm 4 7.8 1 2.0 3 5.9 - - 8 15.7
to 20 mm 6 11.8 1 2.0 17 33.3 2 39 26 51.0
over 20 mm - - 1 2.0 10 19.6 11.8 17 333
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high signal intensity on TIW sequence, and medium on
T2W sequence. On MR examination, a bone bruise is
represented by a focal abnormal bone marrow signal of the
femoral condyles or tibial plateaus. It is observed as a
decrease in signal intensity in TIW and an increase in
signal intensity in T2W sequence. The intensity of the BB
signal is higher in the T2W sequence with fat suppression,
but it is markedly higher in the inversion sequence, such
as STIR, in which there is suppression of the fat signal (4, 5).

Therefore, in the STIR sequence, the intensity of the
BB signal is almost brilliantly hyperintense due to the
suppression of the fat signal intensity and the
enhancement of the water signal intensity, which is found
in the edema structure of the post-traumatic
microtrabecular fracture-bone bruise. Although the STIR
sequence is superior in showing findings of bone marrow
edema, one should not neglect the analysis of the TIW
sequence, which is superior for showing occult fractures,
when analyzing BB. They are shown in the T1W sequence
as fracture lines, lesions, of low signal intensity, and on
radiographs they are difficult or not visible at all (4-10). To
our knowledge, our current study is the first to examine
differences in the diagnostic power of STIR and TIW
sequences in diagnosing BB. In this way, we tried to
increase the degree of reliability of MR findings in the
detection of BB. Of all the BBs observed during our
examinations on the lateral femoral condyle (38 in total),
about 2/3 can be said to have better visibility on the STIR
sequence compared to TIW, about 1/3 have the same
intensity on both sequences, and only one BB has better
visibility on TIW sequence.

We also proved that the visibility of BB on the STIR
sequence depends on the depth of the bruise. Namely, the
increase in the depth of the BB also increases the intensity
of the signal measured in the STIR sequence, and vice
versa, BB with a smaller depth have a weaker signal
intensity. We determined that 39.5% of BB on the lateral
condyle of the femur extended to a depth greater than 20
mm, and a total of 89.5% of BB extended to a depth of
more than 10 mm.

Differences in the incidence of bone bruise findings
can also be based on the difference in the sensitivity of the
selected sequences during the examination of the
traumatized knee. In earlier years, the technique of MR
examination of the knee was predominantly performed in
the TIW sequence (11). In some later studies, the TIW
sequence was also the sequence of choice for BB analysis,
so the incidence of BB was lower than when analyzed in
FS T2W or STIR sequence (8). In the study from 2006,
among 664 patients with knee trauma, BB was found in
124 patients, which is 18.7%. We see the reason for the
lower percentage of BBs in the fact that BBs were not
analyzed in the STIR sequence.

There is not a large number of studies that analyzed the
size of the BB in acute knee injury (4, 6, 7, 10). In our
study, the difference in the visibility of BB in TIW and
STIR sequences exists, so that smaller BBs are less visible
or not visible at all in T1W sequence, in contrast to STIR
sequence, where this situation does not exist. We,
therefore, assume that the reason for the difference in the
degree of visibility, which we observed with the Wilcoxon
test, can be attributed primarily to small BBs, which are
not at all or poorly visible in TIW.

There are very different results regarding the incidence
of BB (20% Lynch et al, 27% Terzidis et al, 60% Atkinson
et al, 69% Bordoni et al) (12-15). In our previous work,
32.5% of patients with acute knee trauma also had BB of
the knee (16). The difference according to the current
study (32.5% vs 51% BBs) can be explained by the
structure of the subjects in the two studies. The current
study is about younger or relatively younger athletes, for
whom it is the first injury, in contrast to the previous study,
where the consequences of old injuries were also included.
In the current study, out of the total number of 85 BBs
observed by STIR sequence, 25 of them (29.4%) were not
observed on images in TIW sequence. Such a finding
convincingly confirms the view that the best
differentiation of BB is in the STIR sequence, in which the
signal of normal fatty bone marrow is significantly
suppressed, and the BB itself is a flash of increased signal
intensity.

In conclusion, in our study, the STIR sequence showed
a statistically significant difference in the degree of
visibility of bone bruises and is superior in identifying BB
compared to the T1W sequence.

ABBREVIATIONS

STIR — Short Tau Inversion Recovery
TIW — Tl-weighted

MRI — magnetic resonance imaging
BB — bone bruise

T — Tesla

SE TIW — spin echo T1-weighted

FS T2W - fat suppression T2-weighted
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