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Background: The aim of this study was to explore the magnetic resonance imaging (MRI) manifestations of new-onset rib
fractures and determine the utility of MRI through a comparative study of MRI and computed tomography (CT).
Material/Methods: Twenty-one patients with mild chest trauma who sought medical care from February 2019 to June 2020 were
included in this study. The patients were subjected to CT and MRI scanning within 2 weeks after the trauma,
and CT rescanning was scheduled 4-8 weeks later to classify rib fractures and determine the diagnostic accu-
racy of MRI and CT for new-onset rib fractures.
Results: Seventy-seven rib fractures were confirmed by CT rescanning, of which 72 (93.51%) were type | fractures and
5 (6.49%) were type Il. MRl identified 76 fractures, of which 3 were false positive, with the diagnostic accuracy
rate of 91.25% and sensitivity rate of 94.81%. Among them, type | fractures (n=71, 3 were false positive) showed
the MRI “sandwich” sign (heterogeneous high-signal shadow within bone marrow of the inner layer, low-sig-
nal bony cortex of the middle layer, and high-signal subperiosteal effusion of the outer layer) in T2-weighted
fat-suppressed sequences; type Il fractures (n=5) displayed intramedullary high-signal intensities and no sub-
periosteal effusion. Forty-four fractures (all type I) were discovered in the initial CT examination, and the cor-
responding diagnostic accuracy rate and sensitivity rate were 57.14%, which were lower than that of MRI.
Conclusions: MRI is highly sensitive for new-onset rib fractures, especially type |, so it is a preferred method for patients
with mild chest trauma.
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Background

Approximately 10% of chest trauma patients have rib frac-
tures [1]. Reported morbidity and mortality rates after chest
wall injury vary widely, but they clearly increase with age and
number of rib fractures [2,3]. In addition, the number of rib
fractures is also an important indicator of the degree of dis-
ability in forensic examination [4]. Each rib has a complex
shape with a diagonal course across numerous CT sections
and a twist along its longitudinal axis [5], which makes com-
puted tomography (CT) evaluation of the rib cage a meticu-
lous and time-consuming process if the angle and plane are
not appropriate [6]. The use of angulated, thin-section helical
CT offers the possibility to obtain several CT sections of any
selected rib and to analyze the rib similarly to examination of
a long tubular bone. De Maeseneer et al. [7] showed that the
section taken along the long axis of the rib, that is, in oblique-
axial plane, facilitated detection of rib fractures.

Information obtained from different diagnostic imaging tools is
essential in management of chest trauma patients. At present,
there is a marked increase in use of chest computed tomogra-
phy (CT) scans for initial evaluation of patients with chest trau-
ma [8]. However, among various types of rib fractures (unicor-
tical, bicortical, hair-like, and trabecular only), some types are
difficult to diagnose on CT [6], especially in cases of occult rib
fracture. Despite negative CT findings, when the fracture is sus-
pected and the patient has obvious tenderness points, further
examination should be carried out. Magnetic resonance imaging
(MRI) has been used frequently in patients with acute muscu-
loskeletal trauma, as it is superior to other radiological modali-
ties such as plain radiography and ultrasonography in revealing
bone and soft-tissue lesions [9]. Increasing attention is being
devoted to the potential advantage of MRI for detecting occult
rib fractures and bone contusion [10-12]. Nevertheless, there
were few reports on the application of MRI in cases of new-on-
set, traumatic rib fractures, and available studies have focused
primarily on the application of MRI for detecting stress fractures
of the ribs [13,14]. To improve the early detection rate of rib
fracture, the present study systematically applied MRI to new-
onset thoracic trauma, emphasizing the MRl manifestations of
new-onset rib fractures and comparing the diagnostic accuracy
and sensitivity of CT and MRI for assessment of new-onset rib
fracture. We hypothesized that MRI could be a viable alternative
to increase the diagnostic accuracy for new-onset rib fractures.

Material and Methods

Patients

Twenty-one patients (17 men and 4 women) with mild chest
trauma who sought medical care from February 2019 to May
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2020 were included. Inclusion criteria were: (a) clear history
of chest trauma without obvious signs of complications, (b)
the time since trauma less than 2 weeks, and (c) confirmed rib
fracture on CT rescanning. Exclusion criteria were: (a) clearly
displaced rib fracture, (b) patients cannot hold breath, such as
the in elderly and infirm patients, (c) prior history of fractured
ribs; (d) history of metastases involving the ribs, (e) a history
of metabolic bone diseases, and (f) other patients not suitable
for MRI scanning, such as those with heart stents or metal in-
ternal fixators. Their mean age was 44.76+9.75 years (range,
27-63 years). The CT scan was performed first and the MRI
was completed within 2 weeks after trauma, followed by an-
other CT review 4-8 weeks after the injury. All of the patients
were recorded to have a clear medical history of trauma, in-
cluding 8 cases of traffic accident injury, 8 cases of fight inju-
ry, and 5 cases of fall injury. The study was approved by the
Hospital Ethics Committee and all of the recruited patients
signed an informed consent.

Scanning method and technical requirements

All of the patients underwent 128-slice spiral CT scanning
(Shanghai Lianying Medical Technology Co., LTD, China). Patients
were asked to lift their arms, inhale, and hold their breath dur-
ing the scan. Scans ranged from the thoracic opening to the
lower edge of the 12t rib. The scanning parameters were set
as follows: tube voltage of 120 kV, pitch of 1.0875, anode rota-
tion time of 0.5 s, and scan thickness of 5 mm in 5-mm inter-
vals. A bone reconstruction algorithm was employed (window
width 1500 HU, window level 550 HU). Axial reconstruction
was performed automatically, with the layer thickness of 1.0
mm at 0.8-mm intervals. Thin-slice axial images were sent
to a Philips workstation (Ingenia, Philips Medical Systems,
Netherlands) for oblique-axial reconstruction. The slice thick-
ness and slice gap were 3 mm, and the reconstruction angle
was approximately parallel to the long axis of the rib, to dis-
play the target rib on the same plane.

All of the subjects were scanned with a Philips 3.0 T MRI scan-
ner (Ingenia, Philips Medical Systems, Netherlands) and 8-chan-
nel phased array abdominal coil in the following 2 sequences
in the oblique-axial plane: (1) T2-weighted short-tau inversion
recovery (T2-STIR), TR 2182 ms, TE 60 ms, FOV 35.0x42.2 cm,
slice thickness: 3 mm, slice gap: 3 mm; Time: 5 min. (2) T2
spectral adiabatic inversion recovery (T2-SPAIR), TR 1100 ms,
TE 70 ms, FOV 40.0x35.6 cm, slice thickness: 3 mm, slice gap:
3 mm; breath-holding 3 times for 45 s. The first scan was per-
formed with T2-STIR sequence, and the scanning area stretched
from the thoracic opening to the lower edge of the 12t rib.
The scope of rib fractures was then determined based on T2-
STIR imaging, and T2-SPAIR scanning was performed in the
end within the specified scope. Two separate scans could be
performed in the case of a larger range.
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Classification criteria for the fracture

The diagnostic criterion for rib fracture was callus formation
in the ribs, regardless of whether the cortical bone was bro-
ken or not. Rib fractures assessed in this study were divided
into 2 types according to the presence of cortical bone frac-
ture during callus formation. Specifically, type I rib fracture
(Figure 1A, 1B) showed complete or incomplete cortical frac-
ture with extraosseous and/or intraosseous callus formation.
In contrast, type Il fracture (Figure 2A, 2B) had an intact cor-
tical bone with intraosseous callus formation, indicating the
occurrence of trabecular microfracture without involving the
cortical bone.

Image assessment and statistical analysis

All of the images were read and analyzed independently by 2
experienced radiologists, and only oblique-axial images were
observed. To limit recall bias, the radiologists had to make
the diagnosis without knowing the patient’s information and
the result of CT rescanning and in at least a 1-week interval
between initial CT and MRI. In case of disagreements, the se-
nior chief physician was consulted to make the final diagnosis.

The results of CT rescanning were used as the criterion stan-
dard to calculate the diagnostic accuracy and sensitivity of
MRI and the initial CT for new-onset rib fractures. The diag-
nostic accuracy is the proportion of the correct diagnosis in
the total number of cases, and the sensitivity is the probabil-
ity of positive diagnosis in the patients. SPSS 19.0 software
was used for statistical analysis. Fisher’s exact test was con-
ducted on the number of fractures detected by MRI and the
initial CT examination. P value of 0.05 was considered as the
threshold of statistical significance.

Results

Seventy-seven rib fractures were confirmed by CT rescanning.
They consisted of type | (n=72, 93.51%) and type Il (n=>5, 6.49%)
fractures. Type | rib fractures showed complete or incomplete
cortical fracture with extraosseous and/or intraosseous callus
formation (Figure 1C), whereas type Il had an intact cortical
bone with intraosseous callus formation (Figure 2C).

Initial CT discovered 44 fractures (all type | fractures) with cor-
responding diagnostic accuracy and sensitivity rate of 57.14%.
Of the discovered 44 fractures, 9 showed a complete fracture
of the cortex, and 35 showed protrusion, depression, or frac-
ture of the bone cortex unilaterally (Figure 1D). Type Il frac-
tures were all negative on the initial CT (Figure 2D).
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MRI identified 76 fractures, of which 3 were false positive and 4
were false negative, with the diagnostic accuracy rate of 91.25%
and sensitivity rate of 94.81%. Among them, cases with the
type | fracture (n=71, 3 were false positive) showed the “sand-
wich” sign in T2-STIR and T2-SPAIR sequences (Figure 1E, 1F).
Specifically, there was a heterogeneous high-signal shadow
within bone marrow of the inner layer, low-signal bone cor-
tex of the middle layer, and high-signal subperiosteal effusion
of the outer layer. Type Il fracture (n=5) displayed intramed-
ullary high-signal intensities and no subperiosteal effusion
in T2-STIR and T2-SPAIR sequences (Figure 2E, 2F). The diag-
nostic rate was the same in T2-STIR and T2-SPAIR sequences.

Compared with the results of CT rescanning, the diagnostic
accuracy and sensitivity rate of MRI for new-onset rib frac-
tures were significantly higher than on the initial CT. There
was a significant difference in the diagnosis results of the 2
inspection methods by Fisher’s exact test (P=0.031), as pre-
sented in Table 1.

Discussion

In recent years, CT has been a preferred examination method
for patients with chest trauma. However, missed diagnosis of
rib fracture remains a common problem in hospitals [15]. In
China, most patients with rib fracture are involved in the de-
termination of criminal responsibility and compensation, and
the number of fractures is directly related to the amount of
compensation. In particular, the number of rib fractures in cas-
es of fights has a significant bearing on the qualification of the
case. In this regard, it is necessary to determine the presence
of rib fractures early and to record the number of fractures.

Previously, traumatic rib fractures were mainly divided into the
complete or incomplete types [16] or the displaced and non-
displaced types [17]. These types were mainly classified ac-
cording to the cortical changes on CT imaging; however, early
CT examination of occult rib fracture is negative, suggesting
that those classifications are not suitable for the present study.
Here, a new classification was proposed, in which type | rib
fracture was defined as complete or incomplete cortical frac-
ture with extraosseous and/or intraosseous callus formation.
The fracture of bone cortex causes subperiosteal effusion, and
the fracture of trabecular bone induces bone marrow hemor-
rhage and edema. Nevertheless, the early CT examination may
be negative [18], which could be related to diverse fracture
morphologies and low brightness of the fracture plane. Type
Il fracture shows an intact cortical bone layer and there is in-
traosseous callus formation, which indicates that the trabecu-
lar bone had microfractures. Hence, only hemorrhage and ede-
ma occurred in the bone marrow in the early stage of injury.
Some scholars [19] suggested the trabecular microfracture as
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Figure 1. A 40-year-old male patient, admitted to the Thoracic Surgery Department after a traffic accident, was found to have a type
I rib fracture. (A, B) Schematic diagram of type | fracture in the inflammatory stage and the callus-forming stage. (C) At 32
days after the trauma, the left seventh rib fracture with callus formation (arrow) was observed in the CT rescanning; oblique-
axial plane. (D) Two days after the trauma, a cortical fracture of the left seventh rib (arrow) was observed in the initial CT.
(E, F) Two days after the trauma, the corresponding rib fractures showed “sandwich” signs (arrow) on MRI T2-STIR and T2-

SPAIR sequences with oblique-axial scanning.
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Figure 2. A 51-year-old female patient, admitted to the Emergency Department after a traffic accident, was found to have a type Il rib
fracture. (A, B) Schematic diagram of type | fracture in the inflammatory stage and the callus-forming stage. (C) At 33 days
after the trauma, intraosseous callus formation (arrow) in the left third rib and no obvious cortical fracture were observed in
the CT rescanning, oblique-axial plane. (D) On the day of the trauma, CT scanning revealed no obvious abnormalities of the
third rib. (E, F) MRI 2 days after the trauma showed intramedullary high-signal intensities (arrow) on T2-STIR and T2-SPAIR
sequences with oblique-axial scanning.
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Table 1. Comparison of MRI and initial CT examination in the diagnosis of new-onset rib fractures.

Diagnostic accuracy

Initial CT

Sensitivity LA
94.81%
——————————————————————————————————————————————— 0.031
57.14%

a sign of bone contusion. However, we think it is an intraos-
seous fracture, belonging to a special occult fracture type.

CT can evaluate the integrity of bone cortex, the existence of
soft-tissue mass, and the location and form of fracture frag-
ments, while offering a clear image, high resolution, and fast
scanning. There are many kinds of reconstruction methods of
CT, such as multiplanar reformatting (MPR), volume rendering
(VR), and curved planar reformatting (CPR). Because the trans-
verse sections obtained with standard CT technique are oblique
with regard to both the long and the short axes of the rib, in-
terpretation may be difficult. As early as 2004, some schol-
ars [7] proposed that the use of angulated thin-section helical
CT offered the possibility to obtain several CT sections of any
selected rib and to analyze the rib. In this way, the ribs can be
viewed as if one is looking at a long tubular bone, and imag-
ing abnormalities can be better analyzed than the transverse
sections. We think the usage of angulated thin-section helical
CT was the early application of oblique-axial reconstruction.
Therefore, the oblique-axial reconstruction, a form of MPR dis-
playing the most of the rib on the same inclined plane by ad-
justing its angle, was used to visually demonstrate the posi-
tion, shape, and number of fractures in this study. However, CT
exposes patients to radiation, and, even more important, the
initial CT may result in missed diagnosis of rib fractures [20]
as it cannot display occult fractures.

Compared with CT, the major advantages of MRI include ex-
cellent soft-tissue contrast, high spatial resolution, and lack of
ionizing radiation [21]. In this group of patients, the diagnos-
tic rate of MRI for rib fracture was evidently higher than that
of CT. Admittedly, MRI is not as clear as CT in imaging of the
fracture morphology. However, MRI can evaluate the damage
status of the cortical and trabecular bone based on indirect
signs such as subperiosteal effusion and bone marrow ede-
ma, respectively. MRI has significant advantages in the early
diagnosis of occult fractures and is the optimal choice for ex-
amining occult fractures [11]. However, MRI imaging of rib in-
jury is not applied routinely in the clinical setting, and the di-
agnosis may be affected by artifacts related to respiration [17].
Thus, it is necessary to inform patients to hold their breath to
reduce the breathing artifacts. MRI also has some disadvan-
tages. MRI examination is time-consuming, and in emergen-
cy cases, such as patients with pneumothorax, doctor should
actively deal with complications instead of performing MRI
examination. When undergoing MRI examination, we need to

place a certain weight of the abdominal coil on the patient’s
chest, which may aggravate the pain caused by the rib frac-
tures, so it is not suitable for patients with severe chest trau-
ma. In addition, MRI is not appropriate for some patients who
cannot hold their breath well.

Considering the special direction of the ribs and the application
of oblique-axical section in CT, the oblique-axial scanning was
adopted in MRI to show the morphology of a rib at the same
level, which would be conducive to observing the change of
rib signal intuitively. In our study, the T2-STIR sequence, which
is a fat-suppression sequence with low requirements for field
strength, was applied first. Scanning with a large field of view
can achieve both good a fat-suppression effect [22] and a full
scanning range covering 12 pairs of ribs. Moreover, it allows
patients to breathe freely during the process. In this context,
we chose T2-SPAIRsequence — a sequence that can both clear-
ly display a high signal of bone marrow edema and suppress
a high signal of fat in the bone marrow — for the second scan,
and scanning areas were designated according to abnormal
signals in T2-STIR sequence. This sequence required patients
to hold their breath 3 times for 15 s each time. Fractures of
larger scopes could be scanned in 2 divided areas. Therefore,
it took much less time than T2-STIR sequence. In our study,
however, no significant difference in the diagnosis of fractures
was found between the 2 sequences. Importantly, in terms of
image definition, T2-STIR sequence provided a clear display
of the abnormal signal caused by fracture, and was superi-
or to T2-SPAIR sequence in the definition of imaging the sur-
rounding soft-tissue structure. Khurana et al. [23] suggested
that a single T2-STIR sequence was sufficient to enable detec-
tion of radiographically occult fractures. Accordingly, we sug-
gest that the single T2-STIR sequence with oblique-axial scan-
ning is sufficient for the diagnosis of rib fracture in patients
with chest trauma.

There were 3 false positives in this group of patients, all of
which were misdiagnosed as type | fractures. Analysis of the
reasons found that this kind of misdiagnosis was located on
the same side of the injury and appeared around the next rib
next to the fracture. It may be because the patient’s injured
area was large and the edema was severe, causing the ede-
ma to spread around the normal ribs, which was mistaken for
subperiosteal effusion. In addition, the inappropriate scanning
angle caused the counting error, and the intercostal soft-tissue
edema was mistakenly judged as bone marrow edema of the
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lower rib. In this case, careful counting should be performed
according to the low-signal costal cartilage, which can great-
ly reduce the misdiagnosis rate.

Of the 4 undiscovered fractures, 2 were located on the fifth
anterior rib on the left. The main reason was that the heart-
beat artifacts were serious, resulting in poor image quality. The
other 2 were located on the 11*" and 12t posterior ribs on the
left. The 2 ribs were relatively short, and the surrounding soft-
tissue swells lead to signal disturbance, which affects the doc-
tor’s judgment and caused a missed diagnosis.

It is worth noting that due to the inhomogeneity of the mag-
netic field, some patients have high signal shadows at the
front of the ribs near the costal cartilage. Unlike the fracture
signal, the signal is uniform and bilaterally symmetrical, and
there was no subperiosteal effusion.

This study had some limitations. First, due to the limited sam-
ple size of type Il fractures, we cannot completely confirm the
conclusion that MRI is a more effective tool for diagnosis of
type Il rib fractures. Hence, we will continue adding patients
to validate our findings in a larger cohort. Second, to shorten
the examination time, T1-weighted sequence was not used
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in the study, which resulted in inability to distinguish hemor-
rhage from edema. Therefore, in the subsequent study, we will
add this sequence appropriately without affecting the health
of the patients. Third, fracture types were limited to patients
with mild chest trauma, because MRI is not recommended for
patients with severe trauma. Accordingly, another major limi-
tation of MRI is use in patients with severe trauma, which lim-
its the applicability of the findings of this study to a certain
extent during emergencies.

Conclusions

MRI has high sensitivity and accuracy for assessing new-on-
set rib fracture, especially type I, and can clearly show bone
marrow edema and subperiosteal effusion, which may facili-
tate the identification of the damaged cortical and trabecular
bone, respectively, especially in T2-STIR sequence. Therefore,
MRI is a preferred method for patients with mild chest trau-
ma without obvious signs of complications.
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