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OBJECTIVE: To determine the features of earthquake-related pelvic crush fractures versus non-earthquake fractures
with digital radiography and multidetector row computed tomography.

METHODS: One hundred and sixty-seven survivors with pelvic crush fractures in the 2008 Sichuan earthquake were
entered in our study as the earthquake-related group (139 underwent digital radiography, 28 underwent
multidetector row computed tomography); 70 victims with non-earthquake pelvic fractures were enrolled into this
study as the non-earthquake group (54 underwent digital radiography, 16 underwent multidetector row computed
tomography). Data were reviewed retrospectively between groups, focusing on anatomic distributions, status of
pelvic bone fractures, numbers of pelvic bones involved, and classification of pelvic ring fractures according to the
Tile classification system.

RESULTS: Pelvic fractures occurred more frequently in the pubis in the earthquake-related group than in the non-
earthquake group (135/167, 81% vs. 48/70, 69%). In addition, comminuted fractures were more common in the
earthquake-related group than in the non-earthquake group (55/167, 33% vs. 10/70, 14%). Multiple fractures were
less common in the earthquake-related group than in the non-earthquake group (81/167, 49% vs. 46/70, 66%).
Regarding the classification of pelvic ring fractures, Type C predominantly composed of subtype C3 occurred more
frequently (64/167, 38% vs. 12/70, 17%), and Type A was less common in the earthquake-related group than in the
non-earthquake group (31/167, 19% vs. 23/70, 32%). All differences were statistically significant (p<0.05). No
difference was found in Type B fractures between the groups (72/167, 43% vs. 35/70, 50%).

CONCLUSION: Earthquake-related pelvic crush fractures can be characterized by a high incidence of pelvic fractures
occurring in the pubis, comminuted fractures, and Type C fractures predominantly composed by subtype C3, despite
a low incidence of multiple fractures.
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INTRODUCTION In earthquake settings, pelvic crush fractures are one of
the most common traumas due to high-force impacts.”** As
demonstrated by Chen et al., > the profile of pelvic crush
fractures may largely include multiple fractures, predomi-
nantly occurring in the bilateral pubis, composed of Type
C3 followed by Types B3 and B2, according to the Tile
classification system for pelvic ring fractures. This observa-
tion suggests that earthquake-related pelvic crush fractures
might be different from non-earthquake fractures.

To evaluate the differences between earthquake-related
pelvic crush fractures and non-earthquake fractures, radio-
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original work is properly cited. used with earthquake-related pelvic fractures have been

During the past 20 years, natural disasters have claimed
more than three million lives worldwide and affected at least
800 million people.1 In comparison with other natural
disasters, such as floods, volcanic eruptions and droughts,
earthquakes are much more harmful in terms of loss of life.2?
For example, in the 2008 Sichuan earthquake, 374,643 people
were injured, 69,227 were killed, and 17,923 were missing.4'7
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published.”'? The limitations of published reports include a
lack of comparisons between earthquake-related pelvic
crush fractures and non-earthquake fractures to confirm
the features of earthquake-related pelvic fractures. To the
best of our knowledge, there are no relevant reports to
illustrate the features of earthquake-related pelvic crush
fractures that are different from non-earthquake fractures.
Based on the published reports of Chen et al.,” we aimed to
retrospectively investigate the differences between earth-
quake-related pelvic crush fractures and non-earthquake
fractures using radiography and multidetector row CT
(MDCT). We also sought to confirm the features of earth-
quake-related fractures to obtain a better understanding and
to promote effective treatment planning of victims with
earthquake-related pelvic crush fractures in the future.

MATERIALS AND METHODS

Participants

The present study was approved by our institution’s
human research committee, and informed consent was
waived because of the retrospective nature of this study.
There were two groups in our study: an earthquake-related
group and a non-earthquake-related group. Patients were
entered in this study in the earthquake-related group
according to the following criteria: (1) the pelvic fracture
was initially confirmed by DR or CT, and (2) the mechanism
of the fracture was a crush injury caused by building
collapse or projectile objects in the 2008 Sichuan earthquake.
Patients were excluded from the earthquake-related group if
the mechanism was not a crush injury, but rather a jump or
accidental fall from a building. Patients with pelvic fractures
were enrolled into the non-earthquake group if the fracture
resulted from trauma other than an earthquake-related
injury.

At 2:28 pm local time on May 12, 2008, an earthquake of
magnitude 8.0 on the Richter scale occurred in the
mountainous region of Sichuan in China. The epicenter
was in Wenchuan County in Sichuan Province, China. In
view of the massive morbidity arising from this earthquake,
an undamaged key university hospital equipped with 4300
beds in the earthquake-affected area, but 92 kilometers
away from the epicenter, received and treated a total of 2728
victims with earthquake-related injuries over a period of 15
days after the earthquake. Among these victims, 167
consecutive victims (65 men and 102 women; mean age,
42.87 years; age range, 6-103 years) with pelvic crush
fractures resulting from the Sichuan earthquake presented
in the emergency department of this university hospital met
the inclusion criteria and were entered into the present
study as the earthquake-related group. In this group, 13
victims with pelvic fractures had crush injuries in one or
more other anatomic regions, including the thorax in 11
patients, the abdomen in 6, the spine in 3, the extremities in
3, and the cranial region in 1. They initially underwent
pelvic CT scans along with thoracic, abdominal or cranial
CT scans to explore the pelvic fractures, as well as traumas
in the pleural space, peritoneum or skull.

To detect pelvic fractures in a great number of injured
patients in a timely manner in this earthquake setting for
emergency medical treatment, 11 digital radiography (DR)
scanners and 5 CT scanners in this key university hospital
were utilized to image the fractures as quickly as possible.
Because it would be faster and easier to utilize DR rather
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than CT scanners, 139 patients with pelvic fractures who did
not have severe traumas suggested by clinical data under-
went DR scans in this major earthquake situation. Because
CT scanning can improve the assessment reliability of both
pelvic fractures and hemorrhage, 28 patients with pelvic
fractures in combination with possible pelvic hemorrhage or
severe traumas as suggested by clinical data underwent
MDCT scans. Among the 28 patients receiving CT scans,
pelvic hemorrhage was found in 9. The mean time from the
crush fracture to imaging was 5.4 days, with a range of
6 hours to 14 days. Few critically ill patients survived until
they could be conveyed to hospitals to receive effective
treatment, although some of the survivors received anti-
biotics to prevent infection in the disaster areas.

For reduction and fixation of pelvic fractures or for
controlling pelvic hemorrhage, 136 victims, including the 28
severely traumatized patients, underwent pelvic surgery,
and the remaining with incomplete fractures had conserva-
tive treatment. In the cohort, 166 patients recovered due to
appropriate treatment, and 1 died of fatal crush injuries.

Between May 1 and June 6, 2009, 70 consecutive victims
(51 men and 19 women; mean age, 38.84 years; age range, 2-
88 years) with non-earthquake pelvic fractures presenting in
the above-mentioned university hospital that met the
inclusion criteria were enrolled into this study as the non-
earthquake group. According to the etiology, 29, 22, 14, and
5 patients had pelvic fractures due to traffic accidents, falls,
crush and collision injuries, and work-related accidents,
respectively. In this group, 42 victims had pelvic crush
fractures in combination with injuries in one or more other
anatomic systems, including the abdomen in 5 patients, the
thorax in 5, the spine in 6, the extremities in 30, and the
craniocerebral region in 3. In this cohort, one DR scanner
and CT scanner were used specifically for imaging the
fractures. Fifty-four victims underwent DR scans, and the
remaining victims with severe traumas suggested by clinical
data underwent CT scans. The mean time from pelvic
fracture to imaging was 4.3 days, ranging from 1 hour to 13
days. According to the image findings and clinical data, 47
victims underwent open reduction and internal fixation,
and the remaining underwent external fixation. In this
cohort, 69 victims recovered, and 1 died of fatal injury.

Digital Radiography

In the earthquake-related and non-earthquake-related
groups, 139 and 54 victims, respectively, were imaged in a
standard anteroposterior (AP) view using a digital radio-
graphic system (Digital Diagnost, Philips Healthcare,
Hamburg, Germany). To detect the pelvic fractures in a
timely way in an emergency setting, particularly with a
great number of injured patients due to the earthquake, all
victims in both groups had only an AP pelvic radiograph
(Figure 1) without inlet/outlet views. In the earthquake-
related and non-earthquake groups, a total of 139 and 54
radiographic examinations, comprising a total of 139 and 54
radiographs, were obtained, respectively. The scanning
parameters used for the scanners were as follows: 70 kV,
24.9 mAs, an active imaging area of 43 x43 cm, a theoretical
spatial resolution of 3.5 line pairs per millimeter, and a
matrix of 30013001 pixels.

Computed Tomography
In the earthquake-related group, 28 patients with sug-
gested severe pelvic traumas underwent a pelvic CT scan
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Figure 1 - The digital radiograph of fractured pelvis of a 45-year-
old man depicts fractures in left inferior and superior pubic
ramus, in right inferior pubic ramus (white arrows), and in
superior pubic ramus involving acetabulum (white arrowhead);
and the pelvic ring fracture is classified as Type C.

with a Somatom Sensation 16-row MDCT (Siemens Medical
Systems, Forchheim, Germany), a Brilliance 16-row MDCT
(Philips Healthcare, Eindhoven, the Netherlands), or a
Somatom Sensation 4-row MDCT (Siemens Medical
Systems, Forchheim, Germany). After the Sichuan earth-
quake, this analysis was performed without intravenous
contrast material as soon as possible after presentation due
to the suspicion of acute renal failure. In the non-earthquake
group, 16 victims with suggested severe traumas underwent
similar non-enhanced emergency scans with the previously
mentioned Somatom Sensation 16-row MDCT. The scanning
parameters used for the 16-row MDCT scanners were as
follows: 120 kV, 200 mAs, 0.5-s gantry rotation time, a pitch
of 0.85, a collimation of 12 mm, 1-mm reconstructed section
thickness, 380-mm field of view, and a matrix of
512x512 mm. The scanning parameters used for the 4-row
MDCT were similar to those used for the 16-row MDCT
scanners, except for a pitch of 1.5 and a collimation of
10 mm.

Image Data Analysis

Image data for the groups were transferred to a picture-
archiving communication system (Syngo-Imaging, Siemens
Solution Systems, Forchheim, Germany) and were retro-
spectively reviewed by an associate radiological professor
(the first author, with 12 years of experience in radiology) and
one experienced radiologist (the third author, with 11 years of
experience in radiology), focusing on the anatomic distribu-
tions, the status of the pelvic bone fractures, the numbers of
pelvic bones involved, and classification of the pelvic ring
fracture by consensus to maintain accuracy in the analysis.

Based on the status of the pelvic bone fractures, the cases
were classified as comminuted or non-comminuted frac-
tures, including transverse, oblique, linear and spiral
fractures. According to the numbers of pelvic bones
involved, the cases were considered as single or multiple
fractures when the numbers were 1 or more than 1,
respectively. Regarding the classification of pelvic ring
fractures, the Tile classification system was used in this
study because the Tile system is more useful as compared to
the Young-Burgess classification system for specialists in
pelvic and acetabular surgery.'! According to the increasing
severity of pelvic ring fractures described by Tile 12 the
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cases were classified according to the pelvic ring stability
(Table 1). In addition, the CT data were used to perform
multiplanar reconstruction and generate volume-rendering
images (Figure 2) with a slab of 7-10 mm to depict pelvic
fractures in detail.

Statistical Analysis

Statistical analysis was performed with the SPSS statistical
package (version 13.0 for Windows, SPSS Inc., Chicago, IL,
USA). To investigate the features of earthquake-related
pelvic crush fractures as compared to non-earthquake
fractures, we compared the pelvic bones predominantly
involved in the earthquake-related group, the incidence of
comminuted fractures and multiple fractures and the
classification of pelvic ring fractures between groups by
Fisher’s exact tests. A two-tailed p-value of less than 0.05
was considered significant.

RESULTS

General Anatomic Distributions of Pelvic Bones
Involved

In the two groups, the fracture occurred in one or more of
the pelvic bones including the pubis, ilium, ischium and
sacrum. Regarding the pelvic bones involved in the earth-
quake-related group, a total of 80.84% (135/167) and 47.31%
(79/167) of patients had a pelvic fracture in the pubis and in
one or more of the other pelvic bones, respectively. In the
non-earthquake group, fractures of the pubis and of one or
more of the other pelvic bones occurred in a total of 68.57%
(48/70) and 75.71% (53/70) of patients, respectively.
Detailed results of the pelvic bones involved in the pelvic
fractures are listed in Table 2. Interestingly, fractures of the
pubis occurred more frequently in the earthquake-related
group than in the non-earthquake group (p =0.044), whereas
fractures in one or more of the other pelvic bones were less
common in the earthquake-related group than in the non-
earthquake group (p<<0.001).

Status of Pelvic Bone Fractures

Pelvic bone fractures appeared as both comminuted and
non-comminuted fractures. In the earthquake-related group,
pelvic comminuted fractures occurred in 32.93% (55/167) of
patients. In the non-earthquake group, 14.29% (10/70) of
patients had comminuted fractures. Therefore, comminuted
fractures occurred more frequently in the earthquake-
related group than in the non-earthquake group (p=0.004).

Regarding the pelvic bones involved in the earthquake-
related group, comminuted fractures occurred in the pubis in
22.75% of patients (38 of 167) and in any other pelvic bone in

Table 1 - Tile Classification of pelvic ring fractures.

Type A: Pelvic ring stable

A1: fractures not involving the ring (i.e. avulsions, iliac wing or crest

fractures)

AZ2: stable minimally displaced fractures of the pelvic ring
Type B: Pelvic ring rotationally unstable, vertically stable

B1: open book

B2: lateral compression, ipsilateral

B3: lateral compression, contralateral or bucket handle-type injury
Type C: Pelvic ring rotationally and vertically unstable

C1: unilateral

C2: bilateral

C3: associated with acetabular fracture
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Figure 2- The CT coronal reconstruction (a) and 3D reconstruction (b) images of a 51-year-old man illustrate fractures in right ilium
(white arrow) involving acetabular roof and columns (white arrowhead); and the pelvic ring fracture is classified as Type C.

not more than 10.78% (18 of 167). Based on the pelvic bones
involved in the two groups, patients with comminuted
fractures are listed in Table 3. The comminuted fractures
occurred more frequently in the pubis in the earthquake-
related group than in the non-earthquake group (p=0.01).

Number of Pelvic Bone Fractures

According to the number of bones involved, pelvic
fractures appeared as single and multiple fractures. In the
earthquake-related group, single and multiple fractures
occurred in 51.5% (86/167) and 48.5% (81/167) of patients,
respectively. In the non-earthquake group, however, 34.29%
(24/70) and 65.71% (46/70) of patients had single and
multiple fractures, respectively. Thus, single fractures were
observed more often, whereas multiple fractures were less
common in the earthquake-related group than in the non-
earthquake group (p=0.022).

Regarding the bones involved, single fractures occurred
in the pubis in 66.28% of patients (57 of 86) and in the other
pelvic bones in a total of 33.72% (29 of 86) in the earthquake-
related group, while the fracture occurred in the pubis in
75% of patients (18 of 24) and in the other pelvic bones in a
total of 25% (6 of 24) in the non-earthquake group.
According to the pelvic bones involved, detailed results of
single fractures are shown in Table 4. Single fractures
occurred more frequently in the pubis in the earthquake-
related group than in the non-earthquake group (p<<0.001).

According to the bones involved, multiple fractures
occurred in the pubis in 96.3% of patients (78 of 81) and in

Table 2- Patients with pelvic fractures according to each
pelvic bone involved.

the other pelvic bones in a total of 60.49% (49 of 81) in the
earthquake-related group. Fractures occurred in the pubis in
91.3% of patients (42 of 46) and in the other pelvic bones in a
total of 76.07% (35 of 46) in the non-earthquake group.
Based on the pelvic bones involved, detailed results of
multiple fractures are listed in Table 4. There were no
significant differences in multiple fractures occurring in the
pubis between the groups (p=0.457).

Classification of Pelvic Ring Fractures

According to the Tile classification system for pelvic ring
fractures, Type A, Type B and Type C, respectively, occurred in
18.56% (31/167), 43.11% (72/167) and 38.32% (64/167) of
patients in the earthquake-related group, whereas the patients
of the non-earthquake group had 32.86% (23/70), 50% (35/70)
and 14.16% (12/70). Based on each subtype in these groups, the
patients with pelvic ring fractures are listed in Table 5.
Interestingly, Type C pelvic ring fractures occurred more
frequently in the earthquake-related group than in the non-
earthquake group (p=0.001), whereas Type A pelvic ring
fractures were less common in the earthquake-related group
than in the non-earthquake group (p=0.026). No significant
differences were observed for Type B pelvic ring fractures
between the groups (p=0.391).

DISCUSSION

Pelvic fractures represent a serious, potentiall¥ life-
threatening injury in patients with major trauma.'® The
most common mechanism of injury resulting in pelvic

Table 3- Patients with pelvic comminuted fractures
according to each pelvic bone involved.

Anatomic Earthquake-related group Non-earthquake Anatomic Earthquake-related Non-earthquake
distribution (n=167) group (n=70) distribution group (n=167) group (n=70)
Pubis 135 (80.84) 48 (68.57) Pubis 38 (22.75) 10 (14.29)
Ilium 40 (23.95) 24 (34.29) Ilium 17 (10.18) 4 (5.71)
Ischium 10 (5.99) 9 (12.86) Ischium 6 (3.59) 3 (4.29)
Sacrum 23 (13.77) 19 (27.14) Sacrum 10 (5.99) 8 (11.13)
Acetabular bone 25 (14.97) 17 (24.29) Acetabular bone 18 (10.78) 3 (4.29)

Note.-Numbers in parentheses are percentages of the patients.

Note.-Numbers in parentheses are percentages of the patients.
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Table 4 - Patients with pelvic single and multiple fractures
according to each pelvic bone involved.
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Table 5 - Patients with pelvic ring fractures according to
each subtype.

Earthquake-related group  Non-earthquake

Earthquake-related group Non-earthquake group

(n=167) group (n=70) Subtype (n=167) (n=70)

Single fractures Type A

Pubis 57 (34.13) 6 (8.57) A1l 19 (11.38) 12 (17.14)

llium 15 (8.98) 7 (10) A2 12 (7.19) 11 (15.71)

Ischium 2(1.2) 0 Type B

Sacrum 5(2.99) 2 (2.86) B1 18 (10.78) 4 (5.71)

Acetabular bone 8 (4.79) 9 (12.86) B2 26 (15.57) 11 (15.71)
Multiple fractures B3 28 (16.77) 20 (28.59)

Pubis 78 (46.71) 42 (60) Type C

Ilium 25 (14.97) 17 (24.29) c1 4 (2.4) 4 (5.71)

Ischium 8 (4.79) 9 (12.86) c2 20 (11.97) 2 (2.86)

Sacrum 18 (10.78) 17 (24.29) c3 40 (23.94) 6 (8.57)

Acetabular bone 17 (10.18) 8 (11.43)

Note.-Numbers in parentheses are percentages of the patients.

fracture is road traffic collisions, followed by pedestrian
collisions and motorcyclist collisions."*"” Due to the
mechanism of crush injury resulting from high-force
impacts in an earthquake, earthquake-related pelvic crush
fractures might be different from non-earthquake fractures.
To illustrate the features of earthquake-related pelvic crush
fractures that are different from non-earthquake fractures,
we performed this comparative study with digital radio-
graphy and MDCT. We chose consecutive patients with
non-earthquake pelvic fractures presenting in the same
university hospital during a similar period one year after a
major earthquake as the non-earthquake group to avoid the
confusing influence of the earthquake situation.

As shown in our study, earthquake-related pelvic crush
fractures occurred more frequently in the pubis in earthquake
situations than in non-earthquake settings. The high frequency
of earthquake-related pubic crush fractures might be due to
the fact that the pubis is the weakest part of the pelvis.”'®! As
presumed by Dong et al.,” shaking and obstacles might cause
victims to fall down in a prone posture and become trapped,
which may result in persistent compression striking one side
of the pelvis and a counteracting force exerted on the other
side, eventually leading to a high frequency of pubic fractures
because of the weak nature of the pubis.

In view of the severity of pelvic bone fractures,
comminuted fractures may be a good indicator because
these require more treatment. In this study, we found that
pelvic comminuted fractures occurred more frequently in
earthquake situations than in non-earthquake settings.
Furthermore, according to the pelvic bone involved,
comminuted fractures occurred more frequently in the
pubis in the earthquake situation, which may be due to
both the weak nature of the pubis and high-force impacts.'®

In addition, the number of pelvic bones involved may be
another indicator for the severity of pelvic fractures in
earthquake situations. As demonstrated in our study, single
fractures predominantly occurring in the pubis were
observed more often, and multiple fractures were less
common in the earthquake than in the non-earthquake
group. This low frequency of multiple fractures may be
explained by their potentially life-threatening nature in
contrast to single fractures. We could presume that some
patients with multiple fractures in the major earthquake
died before being rescued and thus could not be entered
into our study, resulting in this low frequency.
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Note.-Numbers in parentheses are percentages of the patients.

Clinically, it is extremely important to accurately assess
the instability pattern of pelvic ring fractures for effective
treatment. According to the classification of pelvic ring
fractures, Type C occurred more frequently in the earth-
quake setting, Type A occurred more frequently in the non-
earthquake setting, and Type B occurred with equal
incidence in both the earthquake-related and non-earth-
quake settings. As for the subtype of pelvic ring crush
fractures, Type C was predominantly composed of the most
severe subtype (Type C3), which suggests that both
rotational and vertical instability of the pelvic ring might
be more common in an earthquake.

There was an inevitable limitation in our study. For
example, some critically ill patients with severe pelvic crush
fractures died before rescue in this earthquake and could
therefore not be entered into our study. The use of a
population that survived long enough to reach the hospital
might lead to a selection bias. Despite this limitation, our
comparisons of earthquake-related pelvic crush fractures
with non-earthquake fractures confirm the characteristic
features of earthquake-related fractures in survivors, which
may be helpful in better understanding pelvic crush
fractures in the future.

CONCLUSIONS

Earthquake-related pelvic crush fractures can be char-
acterized by a high incidence of pelvic fractures occurring in
the pubis, comminuted fractures occurring predominantly
in the pubis, and Type C pelvic ring fractures predomi-
nantly composed of subtype C3, despite a low incidence of
multiple fractures. We further expect our results to be
helpful in providing a better understanding and treatment
planning for survivors with similar earthquake-related
injuries in the future.
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