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Clinical Analysis for the Correlation of Intra-abdominal Organ Injury
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Background: Although it is rare for the fracture itself to become a life threatening injury in patients suffering from
rib fracture, the lives of these patients are occasionally threatened by other associated injuries. Especially, early
discovery of patients with rib fracture and intra-abdominal organ injury is extremely important to the prognosis. This
study analyzed the link between rib fracture and intra-abdominal injury to achieve improved treatment. Materials
and Methods: Among trauma patients that had visited the hospital emergency room from January 2007 to
December 2009, a retrospective study was conducted on 453 patients suffering from rib fracture due to blunt
trauma. Rib fracture was classified according to location (left, right, and bilateral), and according to level (upper rib
fracture [1−2nd rib], middle rib fracture [3−8th rib], and lower rib fracture [9−12th rib]). The researched data
was statistically compared and analyzed to investigate the correlation between the location, level, and number of
rib fracture and intra-abdominal organ injury. Results: Motor vehicle injury was found to be the most common
mechanism of injury with 208 cases (46%). Associated injuries accompanied with rib fracture were generated in
276 cases (61%). Intra-abdominal organ injury was discovered in 97 cases (21%). Liver injury was the most common intra-abdominal injury associated with rib fracture with 39 cases (40%), followed by spleen injury, with 23 cases (23%). Intra-abdominal injury according to level of rib fracture was presented as upper rib fracture in 11 cases
(11%), middle rib fracture in 31 cases (32%), and lower rib fracture in 55 cases (57%), thus verifying that intra-abdominal injuries were commonly accompanied in lower rib fractures (p=0.03). In particular, significant increase
of intra-abdominal injury was presented in fractures below the 8th rib (p=0.03). The number of intra-abdominal injuries requiring emergency operations was significantly higher in patients with more than 6 rib fractures (p=0.04).
Conclusion: Intra-abdominal organ injury is more common in patients with lower rib fracture, especially fractures
below the 8th rib. Intra-abdominal organ injuries generated in multiple rib fracture patients with more than 6 fractures significantly higher severity. These cases must be thoroughly inspected and carefully observed as there is
possibility of emergency operation.
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Table 1. Patients characteristics in 453 episode of rib fracture

INTRODUCTION

Parameter

Although thoracic trauma occupies approximately 10% to

No. of patients
Age (yr, mean)
Gender
Male
Female
Mechanism of injury
Motor vehicle
Cultivator
Pedestrian
Fall down
Other

15% of all traumas, the mortality rate of thoracic trauma is
very high, measured at 25%. Rib fracture is the most common injury in thoracic trauma, occupying approximately 7%
to 40% [1]. Rib fracture acts as the factor that presents the
severity of trauma patients. It is common for trauma patients
to experience other organ injuries; only 6% to 12% of trauma
patients complain only of rib fracture [2]. Although it is rare
for the fracture itself to become a life threatening injury in
patients with rib fracture, the lives of these patients are occa-

Episode
453
52.8 (13−91)
323 (71)
130 (29)
208
72
101
69
3

(46)
(16)
(22)
(15)
(1)

Values are presented as number (%).

sionally threatened by other associated injuries. Although
there are not many studies conducted on injuries related with
rib fracture, careful observation is required as it has been re-

lower rib fracture [9−12th rib]). All overlapped levels were

ported that great vessel injury is generally associated with 1st

checked each other. The number of fractures was studied

and 2nd rib fracture while intra-abdominal organ injury is ac-

based on the reading of the radiology staff.

companied in lower rib fracture, such as 9th and 10th rib
fractures [3].

The correlation between intra-abdominal organ injury and
the location, level, and number of rib fracture was statistically

In particular, early discovery of patients with rib fracture

compared and analyzed based on the researched data.

and intra-abdominal injury is extremely important to patient

For statistical treatment, SPSS ver. 12.0 (SPSS Inc.,

prognosis. This study analyzed the link between rib fracture

Chicago, IL, USA) was used to conduct analysis of variance

and intra-abdominal injury to achieve improved treatment.

for continuous variables, while chi-square test was used for
nominal variables. A p-value below 0.005 was judged to hold

MATERIALS AND METHODS

statistical significance.

Among trauma patients that had visited the hospital emer-

RESULTS

gency room from January 2007 to December 2009, this study
was conducted on 453 patients suffering from rib fracture due

The mean age of patients was 52.8±14.5 years (range, 13

to blunt trauma. Retrospective method based on medical re-

to 91 years), with 323 male (71%) and 130 female (29%).

cords and radiologic data was selected for the research

The mechanism of injury was presented in the following or-

method.

der: motor vehicle injury in 208 cases (46%), pedestrian in-

According to the trauma protocol of the hospital, chest

jury in 101 cases (22%), cultivator injury in 72 cases (16%),

computed tomography (CT) scans were ordered for all pa-

fall down in 69 cases (15%), and miscellaneous injury in 3

tients that were suspected of rib fracture, except in cases of

cases (1%) (Table 1). Injuries associated with rib fracture

hemodynamical instability or in cases requiring emergency

were generated in 276 cases, with the frequency of associa-

operation.

tion injury measured at 61% in rib fracture patients.

To research the correlation between rib fracture and in-

Hemo/pneumothorax was the most common associated injury

tra-abdominal injury, rib fracture was classified as the

with 216 cases (48%), followed by spine bone injury with

following. Rib fracture was classified according to location

142 cases (31%) and facial bone fracture with 136 cases

(left, right, and bilateral), and according to level (upper rib

(30%). Intra-abdominal organ injury was discovered in 97

fracture [1−2nd rib], middle rib fracture [3−8th rib], and

cases (21%) (Table 2).
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16 cases (16%), pancreas injury in 10 cases (11%), and kid-

For location of rib fracture, 156 cases were found at the

ney injury in 9 cases (10%).

right side (34%), 229 cases were left (50%), while 68 cases
were bilateral (16%) (Table 3). For level of rib fracture, 97

According to the analysis on 97 patients with rib fracture

cases were found at the upper rib (13%), 404 cases were

and intra-abdominal organ injury, it was found that the asso-

middle rib (55%), while 236 cases were lower rib (32%). For

ciation of intra-abdominal injury was statistically significant

number of rib fractures, 106 cases were single rib fractures

from the lower rib fracture when observing the intra-abdomi-

(23%), 218 cases were 2 to 5 fractures (48%), and 129 cases

nal organ injuries according to level: 11 cases in upper rib

presented more than 6 rib fractures (29%).

fracture (11%), 31 cases in middle rib fracture (32%), and 55

Liver injury was the most common intra-abdominal organ

cases in lower rib fracture (57%) (p=0.03) (Table 4). Howev-

injury associated with rib fracture in 39 cases (40%), fol-

er, statistical differences were not presented according to the

lowed by spleen injury in 23 cases (23%), intestine injury in

number of rib fractures (Table 5). In particular, intra-abdominal organ injury was significantly increased from fractures below the 8th rib (p=0.03) (Fig. 1).

Table 2. Association injury with rib fracture
Associated injury

Although the incidence of liver injury presented high freNo. (%)

Hemo/pneumothorax
Sternal fracture
Spine injury
Facial bone fracture
Head injury
Clavicle fracture
Abdominal organ injury
Pelvic bone fracture
Long bone fracture
Scapular fracture

216
98
142
136
123
108
97
91
82
52

quency in right rib fracture patients (51%), but there was not
statistically significant. On the other hand, the incidence of

(48)
(22)
(31)
(30)
(27)
(24)
(21)
(20)
(18)
(11)

Table 3. Level and location of rib fracture
No. (%)
Right
Left
Bilateral
Total

156
229
68
453

(34)
(50)
(16)
(100)

Upper

Middle

Lower

35
51
11
97

164
192
48
404

103
112
21
236

Table 4. Intra-abdominal organ injury associated with level of rib fracture
Abdominal injury

Level of
fracture
Upper
Middle
Lower
Total

Liver

Spleen

Intestine

Pancreas

Kidney

5
16
18
39 (40)

1
7
15
23 (23)

1
3
12
16 (16)

2
3
5
10 (11)

2
2
5
9 (10)

Total
11
31
55
97

p-value

(11)
(32)
(57)
(100)

0.03

Total

p-value

Values are presented as number or number (%).

Table 5. Intra-abdominal organ injury associated with number of rib fracture
No. of
fracture
1
2−5
≥6
Total

No. (%)
106
218
129
453

(23)
(48)
(29)
(100)

Abdominal injury
Liver

Spleen

Intestine

Pancreas

Kidney

8
18
13
39

5
9
9
23

4
5
7
16

3
4
3
10

2
4
3
9

Values are presented as number or number (%).
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22
40
35
97

(23)
(41)
(36)
(100)

0.512
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Table 7. Emergency operative cases of intra-abdominal organ injury associated with number of rib fracture
No. of fracture
1
2−5
≥6
Total

Conservative
treatment
19
32
10
61

(31)
(53)
(16)
(100)

Emergency
operation
3
8
25
36

(8)
(23)
(69)
(100)

p-value
0.043

Values are presented as number (%).

In particular, clinical suspicion for classifying risk factors

Fig. 1. This diagram shows the fracture under 8th rib is statistically significant increase the intraabdominal injury (p=0.03).

that increase the possibility of intra-abdominal organ injury in
blunt traumatic rib fracture patients is extremely important.
This is because such injuries can be easily overlooked as the
signs are not clearly shown due to bleeding in the early

Table 6. Most common intra-abdominal organ injury associated
with location of rib fracture

Right fracture (156)
Left fracture (229)
Bilateral fracture (68)
p-value

phase of trauma due to volume of abdominal cavity, and
thoracic trauma patients and relevant clinical symptom can be

Liver

Spleen

easily masked. According to current reports, the frequency of

20 (51)
11 (28)
8 (21)
0.438

5 (21)
17 (75)
1 (4)
0.041

associated intra-abdominal injury in rib fracture patients is reported as 10% to 16% [4,6,7]. This study presented a slightly
higher frequency at 21% as the associated injuries of intra-abdominal injury were researched with rib fracture. This is pos-

Values are presented as number (%).

sibly related with cultivator injuries. Cultivator injuries are
common in Korea, and patients with cultivator injuries re-

spleen injury was statistically significant in left rib fracture

ceive more outside exposure than other vectors, thus present-

patients (p=0.04) (Table 6). Although there were no differ-

ing higher possibility of direct injuries and abdominal blunt

ences in the incidence frequency of intra-abdominal injuries

traumas during accident. Kim et al. [8] also reported similar

according to the number of rib fractures, the incidence fre-

results with this study, presenting 21.7% for frequency of rib

quency of intra-abdominal injuries requiring emergency oper-

fracture patients that experienced intra-abdominal injury.

ation was significantly high in patients with more than 6 rib
fractures (p=0.03) (Table 7).

This study verified high possibility of intra-abdominal injury in lower rib fracture patients. This is due to the high
possibility of direct shock exerted on the liver and spleen,

DISCUSSION

which are organs that protect the lower rib as well as the direct damage of fractured rib segments on organs. Fractures in

Rib fractures are most commonly generated in thoracic

10th to 12th lower ribs (floating ribs) are regarded traumas

blunt trauma act as the indicator for serious injuries. The in-

caused by extremely strong force, and must suspect intra-ab-

crease in the number of fractures also heightens the level of

dominal organ injury in such patients to conduct thorough

injury and its mortality rate and may accompany various

inspection. On the other hand, it is common to not suspect

thoracic trauma, as well as other injuries, such as head, abdo-

abdominal injury for 4th to 8th ribs, the most common area

men, and extremities [2,4,5]. The frequency of association in-

of rib fracture. However, when considering the rise in the po-

jury of rib fracture patients was very high in this study,

sition of the liver or spleen with the rise of the diaphragm to

measured at 61%.

the 5th intercostals space during expiration, treatment must be
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achieved by considering the possibility of abdominal injury

CONCLUSION

even in middle rib fractures. The increase of associated intra-abdominal injuries in large frequency differences from the

The incidence of intra-abdominal injuries presents high

8th rib is also regarded as an important matter to note during

possibility in lower rib fracture patients, in particular patients

treatment of rib fracture patients.

with rib fracture below the 8th rib. Thus, a test for checking

Furthermore, although the left rib fracture and spleen injury

abdominal injury must be conducted on such patients.

presented a significant correlation in this study, the correla-

Furthermore, as intra-abdominal injuries in multiple rib frac-

tion between the right rib fracture and liver injury was not

ture patients with more than 6 fractures signify high severity,

significant, in spite of increasing frequency. Furthermore, liv-

thorough inspection and observation must be achieved to pre-

er injury was commonly generated in left and bilateral rib

pare for possible emergency operation. As this study was

fractures when compared with spleen. This is probably due to

conducted by using two years of data gained from a single

the domino effect interaction continued to the ipsilateral soft

hospital, larger-scale research must be achieved in the future.

tissue, rib, dominant organ injury by the external force of
working area in liver injuries. The large size of the liver
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