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Purpose : The purpose of this study is to examine the frequency of posterior element
injury in patients with traumatic thoraco-lumbar burst fractures and to evaluate the
correlation between the MR imaging and CT findings.
Materials and Methods : The MR images of 38 patients with 39 thoraco-lumbar burst
fractures and the results of the CT examinations of 28 patients with 29 fractures we r e
r e t r o s p e c t i vely analyzed. Both procedures were performed within two weeks of in-
j u r y. Twenty-one males and 17 females were included ; their average age was 51.3
( r a n g e, 11-7 5 ) ye a r s. MR images were evaluated for injury to the posterior ligamentous
c o m p l ex, comprising the supraspinous ligament(SSL), the interspinous ligament(ISL),
the flaval ligament(FL), and the capsule of facets. Analysis of the CT findings focused
on the posterior bony elements of the lamina, pedicle, spinous process, and facet joint.
Results : MR imaging revealed posterior ligamentous injuries in 18(46.2%) of 39 burst
fractures ; there was tearing of the ISL in 15 cases(38.5%), of the SSL in 11(28.2%), of
the capsule of facets in 11(28.2 %), and of the FL in nine(23.1%). Among the 29 burst
fracture cases examined by CT, posterior bony injuries were detected in 13(44.8% ) .
Lamina and facet joint fractures were detected in six cases(20.7%), facet separation or
dislocation in six(20.7%), and spinous process and pedicle fracture in one(3.4%). In 29
burst fracture cases, both MRI and CT were performed. Among the 18 cases in which
MR imaging revealed posterior ligamentous injuries, CT failed to demonstrate posterior
element fractures in seven. On the other hand, among the 13 cases in which CT indicat-
ed posterior bony fractures, MR failed to reveal posterior ligamentous injuries in two .
Conclusion : Posterior element injury is frequently found in patients with traumatic
thoraco-lumbar burst fractures demonstrated by MR imaging(46.2%) and CT(44.8% ) .
Both MRI and CT are useful tools for the evaluation of posterior element injury, which
determines the degree of instability of traumatic burst fracture. 
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A burst fracture is an injury characterized by loss of

height of a vertebral body and disruption of the posteri-

or cortex, with retropulsion of bony fragments into the

spinal canal. These fragments cause a narrowing of the

canal, and this contributes to neurologic injury (1). Burst

fractures of the vertebral body most commonly occur at

the thoraco-lumbar junction (2-4) and account for 64 -

81 % of all thoraco-lumbar fractures (3-5 ) .

Whether a burst fracture is managed conservatively or

surgically is determined by its stability. In the past, the

three-column theory was used to determine stability,

and all burst fractures were considered unstable (6).

This is not always the case, however, and the present-

day method for determining the spinal stability of burst

fractures is based on examination of the ligament and

bone injuries suffered by the posterior element (1, 7-9 ) .

In particular, the status of the posterior ligamentous

complex is accepted as the key determinant of mechani-

cal stability of the burst fracture, and is also a predictive

marker for the future development of post-traumatic

kyphosis(a late sequela of burst fracture) (9). It follows

that in the evaluation of posterior bone and ligament in-

juries that are undetectable by plain radiographs, the

role of MR imaging and CT has steadily increased. 

This study was undertaken to evaluate the frequency

and accuracy with which MR imaging and CT evalua-

tion detect any posterior element injury in patients with

traumatic thoraco-lumbar burst fractures. In addition,

correlation between the MR imaging and CT findings

was analyzed.

Materials and Methods

The MR and CT imaging findings of 38 patients with a

total of 39 traumatic thoraco-lumbar burst fractures in-

curred between February 1994 and April 1997 were ret-

rospectively analyzed. The subjects included 21 males

and 17 females, with an average age of 51.3(range, 11-

75)years. The injury was caused by a fall in 24 cases

( 6 3 .2 %), a motor vehicle accident in ten(26.3 %), and

under unknown circumstances in four(10.5 %). Thirty-

seven patients(97.4 %) had a single burst fracture, and

o n e ( 2 .6%) had two such fractures. 

MR and CT images were obtained within two weeks

of initial injury. MR imaging was performed in all 38 pa-

tients, and CT in 28 of the 38. All imaging studies were

performed before conservative treatment(63.2%) or sur-

gical intervention(36.8%). 

For each MR examination, a 0.5 T Magnetom unit

(Gyroscan T5, Philips, Netherlands) was used, and all

patients underwent sagittal and axial, T1-weighted spin-

echo(TR/TE 560/30 msec) and T2-weighted spin-

echo(TR/TE 1800/90 msec) sequences. Sagittal images

were obtained with a 205(256 matrix, a 320mm field of

view(FOV) and a 5-mm-thick slice, with a 0.5 mm gap.

The axial sequence was also obtained with a 205(256

matrix and a 320mm FOV, but with a 6-mm-thick slice

and a 0.6mm gap. 

CT was performed using a Somatom III plus(Siemens,

Erlangen, Germany), with a 4-mm-thick slice. Sagittal

reconstruction images of both axial bone and soft tissue

were obtained. 

The images were evaluated by three radiologists, whose

diagnosis was reached by consensus. MR images were

evaluated for injury to the posterior ligamentous com-

plex, i.e. to the supraspinous, interspinous, flaval liga-

ment, or the capsule of facets. This was determined to

have occurred when the normal band of low signal in-

tensity that represents the ligament was absent or dis-

continuous, or if a high signal intensity hemorrhage or
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Fig. 1. Posterior ligamentous complex
injuries on MR imaging. 
A .Sagittal T2-weighted images(1800/90)
show bright signal intensities with dis-
ruption of the low signal intensity
bands in the supraspinous(short a r r o w ) ,
the interspinous(long arrows) and the
flaval ligament(arrowheads) in 28 year-
old woman with L2 burst fracture by a
motor vehicle accident.
B . Axial T2-weighted image(1800/90)
shows the widening of right facet joint
with high signal intensity(arrow), rep-
resenting the tear of the capsule of right
facet in 23 year-old man with L4 burst
fracture by a motor vehicle accident.



edema in the posterior ligament region was seen on

sagittal T2-weighted images (Figs. 1A and 1B). CT im-

ages were analyzed with particular reference to posteri-

or bony elements, including fracture of the lamina, pedi-

cle, spinous process, or facet joint and the dislocation or

separation of the facet joint (Figs. 2A and 2B). 

MR and CT findings of any posterior element injury

were correlated using Fisher’s exact test.

R e s u l t s

Cases with posterior element injuries determined by

both MR imaging and CT are summarized in Table 1.

According to the MR imaging findings, 18(46.2 %) of the

39 burst fracture cases had posterior ligamentous in-

juries. Among the same 39 cases, 15(38.5 %) showed

some disruption of the interspinous ligament, which

was the most common posterior ligamentous injury.

Disruption was found in the supraspinous ligament in

11 cases(28.2 %), in the capsule of facets in 11(28.2 % ) ,

and in the flaval ligament in nine(23.1 %). Furthermore,

f i v e ( 2 7 .8 %) of the 18 cases with posterior ligamentous

injuries had an isolated injury, four(22.2 %) had two in-

juries, three(16.7%) had three injuries, and six(33.3 % )

had more than three injuries (Table 2).

CT images demonstrated posterior bony injuries in 13

( 4 4 .8 %) of the 29 burst fracture cases. Both lamina and

facet joint fractures, which were the most common pos-

terior bony injuries, were detected in six cases(20.7% ) .

Associated facet dislocation or separation was also de-

tected in six cases(20.7%), and only one case(3.4 %) in-

volved fractures of both the spinous process and the

pedicle. A single injury was seen in seven of these 13 cas-

e s ( 5 3 .8 %), two injuries in five cases(38.5 %), and three

injuries in only one case(7.7%) (Table 3). 

Correlation of the 29 burst fractures where both exam-

inations were performed showed that among the 18 cas-

es in which MRI revealed posterior ligamentous in-

juries, CT failed to demonstrate posterior bony fractures

in seven. On the other hand, among the 13 cases in

which CT indicated posterior bony fractures, MR failed

to reveal posterior ligamentous injuries in two (Table 4).

As regards the detection of posterior element injuries in

burst fractures, there was thus no correlation between

MRI and CT. There were, however, nine cases in which

neither MR imaging nor CT detected posterior element

injuries, but where T2-weighted MR imaging showed

bright signal intensities at the pedicle and facet joint, im-

plying micro-fractures or bone bruises (Figs. 3A and 3B).
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Of the 39 cases of burst fracture, 27 were tracked thr-

ough the full clinical course. In nine such cases (Table 1:

cases 4, 7, 14, 20, 21, 22, 25, 33 and 36), where surgery

was performed, intraoperative findings confirmed the di-

agnosis based on MR and CT imaging. Posterior instru-

ment fixations for stabilization were performed in all nine

cases, and as verified on plain radiographs obtained after

14 to 18(mean, 15.5)months, spinal stability was well

maintained. All nine cases showed both posterior liga-

mentous injuries on MR images and posterior bony frac-

tures on CT. In seven cases in particular(all but cases 14

and 25), MR imaging revealed severe injuries with at

least three sites of posterior elements. Among the nine

cases in which MRI demonstrated ligamentous injuries

but in which surgery was not performed, CT failed to re-

veal posterior bony fractures in seven.

D i s c u s s i o n

In 1949, Nicoll recommended that in order to deter-

mine the appropriate method of treatment, fractures be

divided into stable and unstable groups (10). In 1963,

Holdsworth further clarified the concept of spinal stabil-

ity based on an anatomic complex, dividing the spine in-

to the anterior and posterior column. He suggested that

the posterior column was central to spinal stability (11,

12). Denis later expanded upon Holdsworth’s original 

two-column analysis by proposing a ‘three-column con-

cept of spinal stability’. Since it was noted that instabili-

ty resulted from injury to two adjacent columns, any

disruption of the middle column was determined to be a

key factor contributing to instability (6). White and

Panjabi further expanded the definition of an unstable
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Fig. 2. Posterior bony element injuries
on CT.
A . Axial CT scan shows the laminar
fracture(arrows) in 42 year-old woman
with L1 burst fracture by a fall.
B .Axial CT scan shows the fracture of
right pedicle(arrows) in 28 year-old
man with T12 burst fracture by a fall. 

Table 2. Posterior Ligamentous Complex Injuries in Burst
Fracture on MRI

Injury Type N o

I S L 2
ISL + SSL 2
ISL + CF 2
ISL + SSL + FL 2
ISL + SSL + CF 1
ISL + SSL + FL + CF 6
F L 1
C F 2

ISL = interspinous ligament, SSL = supraspinous ligament 
CF = capsule of facets, FL = flaval ligament

Table 3.Posterior Bony Element Injuries in Burst Fracture on
CT 

Injury Type N o

Lamina Fx 2
Lamina Fx & Facet Fx 1
Lamina Fx & Facet disloc. 1
Lamina Fx & Facet sepa. 1
Lamina Fx, Facet Fx & Facet disloc. 1
Facet Fx 2
Facet Fx & Pedicle Fx 1
Facet Fx & Facet disloc. 1
Spinous process Fx 1
Facet disloc. 1
Facet sepa. 1

Fx = fracture, disloc. = dislocation, sepa. = separation

Table 4.Correlation of Posterior Element Injury of Burst
Fracture on MRI and CT

C T
M R I

T o t a l
+ -

+ 1 1 02 1 3
- 7 09 1 6

1 8 1 1 2 9

F i s h e r’s Exact Test,  p-value = 0.052



fracture by adding a class of injury which causes pro-

gressive deformity, further neurological injury or chron-

ic back pain (13).

Many surgeons have used the three-column concept

defined by Denis to determine whether a fracture is sta-

ble or unstable. According to Denis, however, all burst

fractures are unstable, though this is not actually the

case. Ligamentous structures are important for maintain-

ing spinal stability, and their disruption is an important

feature that differentiates stable from unstable injury (11,

12, 14, 15) and helps determine the appropriate therapy

(7, 16, 17). The integrity of the posterior ligamentous

structure is a better indicator of spinal stability than that

of the middle osteo-ligamentous column. More specifi-

cally, the posterior ligamentous structure has been found

to play a crucial role in resisting flexion, such that if the

posterior ligamentous complex remains intact, thoraco-

lumbar fracture involving anterior and middle column

injury will likely function as stable injury (9). 

Accepted plain radiographic manifestations of an un-

stable fracture include widening of the interspinous or

interlaminar distance, kyphosis of more than 20 de-

grees, translation of more than 2 mm, dislocation, and a

height loss of more than 50 % or articular process frac-

ture (2, 12, 18-20). Of the radiologic manifestations, a

high association between more than 50% anterior verte-

bral body height loss and middle column failure may in-

dicate the need for CT examination. This is in order to

exclude unrecognized middle column involvement

whenever severe anterior height loss is present (21).

Thus, CT may identify fractures not visible on plain film

examination, especially those of the posterior elements,

and provides a more accurate assessment of spinal canal

compromise by retropulsed fragments, sagittal splitting,

rotation or superior or inferior displacement of bony

fragments (3, 19, 21, 22). Moreover, sagittal reconstruc-

tion will aid in the recognition of interspinous widening,

subluxation of the vertebral body, fracture of the verte-

bral end plate, kyphosis, height loss of the vertebral

body and facet joint distraction (23). 

Plain radiographic findings of spinal instability include

a widening of the interspinous or interlaminar distance,

or kyphosis of more than 20 degrees, which implies the

disruption of a posterior element. MR imaging clearly i-

dentifies the presence of associated ligamentous injury,

particularly to the posterior longitudinal, supraspinous

or interspinous ligament and demonstrates the degree of

residual neural compression, intrinsic cord abnormality

and extradural hematoma, and the status of the interver-

tebral discs. Direct signs of disruption include visualiza-

tion of the torn margins and discontinuity or absence of

the ligament. Hemorrhage into the interspinous soft tis-

sue is an indicator of supra- or interspinous ligament dis-

ruption (1, 24, 2 5 ) .

The majority of early studies comparing MRI with CT

in cases involving acute spinal trauma found that MR

imaging less satisfactorily identified neural arch fractures

( 2 6-29). Further research showed that several character-

istics of the fracture (including the degree of height loss,

the extent of spinal canal narrowing and the degree of

subluxation and kyphosis) might be determined by

means of MR examination (26, 27, 29). Saiffudin et al.
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Fig. 3. L2 burst fracture in 61 year-old
man by a fall.
A .Axial CT scan shows no evidence of
fracture of the pedicle or the facets.
There is minimal retropulsion of the
bony fragment into the spinal canal. 
B .Sagittal T2-weighted image(1800/90)
shows no evidence of the posterior liga-
mentous injury, but there are bright
signal intensities of bone marrow ede-
ma at the pedicle and the articular pro-
cess(arrows). 



found that modern MRI scanners were as capable as CT

of demontstrating neural arch fractures and facet disloca-

tions (30). 

Terk et al. recently found that 42 % of all burst frac-

tures involved complex posterior ligamentous injury, a

figure somewhat higher than the 28 % determined by

Petersilge et al. (7, 8), but similar to the 46 % found in

our study. We used both CT and MRI to examine and

compare the findings in 29 cases, and the diagnostic rate

for detecting posterior element injury in burst fractures

was higher with MRI than with CT. However, there was

no obvious correlation between injury to the posterior

ligamentous complex, as revealed by MR imaging, and

injury to the posterior bony element, as shown by CT

(Table 4, Fisher’s exact test ; p-value=0.052). This im-

plies that a complete diagnosis will include the evalua-

tion of soft tissue injury by MR imaging, while bony le-

sions of the posterior element will be evaluated by CT.

Among the 29 cases examined by both MR imaging

and CT, there were nine in which neither modality re-

vealed evidence of posterior element injury but in

which T2-weighted MR images demonstrated bright sig-

nal intensity of bone marrow edema at the pedicle and

facet joint. These findings suggest micro-fractures or

bone bruises, such as previously reported at the knee

and wrist (31, 32).

The management of a patient with a thoraco-lumbar

burst fracture may be either conservative or surgical.

Since neurological damage occurs at the time of injury,

conservative treatment is preferred where the decom-

pression of neural tissue has not been shown to produce

a consistent improvement in neurological outcome. It is

also widely accepted that an incomplete neurological d-

eficit indicates the need for surgical intervention (30).

Thus, because the healing of major ligamentous injury is

rarely complete, injury to the posterior ligamentous

complex may result in chronic instability, eventual

kyphotic deformity or chronic back pain. In contrast, a

burst fracture without ligamentous injury is acutely, but

not chronically, unstable because there is usually a high

degree of bone healing. For the surgeon, then, knowl-

edge of the status of the posterior ligamentous complex

is indispensable when deciding between surgical and

non-surgical intervention (8).

In conclusion, a thoraco-lumbar burst fracture is fre-

quently accompanied by posterior element injury, as

verified by MR imaging(46.2 %) and CT(44.8 %). More

specifically, the highest rate of incidence was found in

cases involving interspinous ligament injury(38.5 %) on

MR imaging and facet injury(41.4 %) on CT, and such

cases should therefore be examined with a high degree

of suspicion. Both MR imaging and CT examinations are

useful tools for the evaluation of posterior element(liga-

ment and bone) injury. In fact, these methods are com-

plementary rather than mutually exclusive, and are

valuable for determining the instability of a traumatic

burst fracture and the direction that treatment should

t a k e .
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외상성 흉요추 방출성 골절에서 후방요소 손상의 평가1

1가톨릭대학교의과대학방사선과학교실

원유동·박정미·윤지영·천경아·이재문·신경섭

목적 : 방출성 골절(burst fracture)의 불안정성(instablity) 여부는 후방요소의 손상 여부에 의해 결정된다는 새로

운 시각이 있다. 따라서, 흉요추부의 방출성 골절에서 후방요소의 손상이 얼마나 동반되는지 알고자하였다. 

대상과 방법 : 외상으로 인한 흉요추부의 방출성 골절 3 8명의 MRI 및 CT 소견을 분석하였다. 손상 후 MRI 및

CT 검사까지의 기간은 2주이내이었다. 남녀비는 21:17 이었고, 연령 분포는 1 1세에서 7 5세(평균 5 1 . 3세)였다. 38

명, 39예의 MRI 소견과 2 8명, 29예의 CT 소견을 분석하였는데, MRI에서는 후방요소에 해당하는 상극상( s u p r a -

spinous), 내극상(interspinous), 황색(flava) 인대, 면관절(facet) 피막의 손상 여부를 평가하였고, CT에서는 추궁판

(lamina), 추궁근(pedicle), 극상돌기(spinous process), 면관절(facet joint) 골절 및 면관절 탈구, 분리 등의 유무를

분석하였다. 

결과 : M R I상 방출성 골절 3 9예 중 1 8예( 4 6 .2% )에서 후방요소 손상이 있었고 그 중 내극상 인대 파열이 1 5예

( 3 8 .5% )로 가장 많았으며, 상극상 인대 파열 1 1예( 2 8 .2%), 면관절 피막 파열 1 1예( 2 8 .2%), 황색 인대 파열 9예

( 2 3 .1%) 있었다. CT에서는 방출성 골절이 있던 2 9예 중 후방요소 골절은 1 3 ( 4 4 .8% )에서 동반되었으며 그 중 추

궁판 골절과 면관절 골절이 각각 6예( 2 0 .7% )로 가장 많았으며 동반된 면관절 탈구 혹은 분리 6예( 2 0 .7%), 추궁

근 골절 1예, 극상돌기 골절 1예가 있었다. 한편, MRI 및 C T를 모두 시행한 2 9예를 비교 분석한 결과, MRI상

후방인대 손상이 있었던 1 8예 중 7예에서는 C T상 후방요소 골절이 없었고, 반면 C T상 후방요소 골절은 있었으

나 M R I상 후방인대 손상이 없었던 예는 2예 있었다. 

결론 : 흉요추 방출성 골절시 후방요소의 손상이 MRI 및 CT 검사상 각각 46.2 %와 44.8 %로 흔히 동반되었으

며, 척추의 불안정성을 결정하는데 중요한 요소가 되는 후방요소의 손상을 진단하기 위해서 M R I와 C T는 모두

필요한 검사 방법이라고 생각된다.
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대한방사선의학회는 1 9 4 5년 1 0월 한국 방사선의학의 중흥이라는 기치 아래 회원 상호간의 친목과방사선의

학 발전을 위한 사명을 다하기 위하여 설립된 반세기의 역사를 가진 국내의 의학관련 학회 중 가장 모범적

인 학회입니다. 이번 우리 학회에서는 방사선의학 관련 학문을 보다 광범위하고 상호 유기적으로 발전시키

기 위해 관련 학문을전공하는 박사학위 소지자를 초빙회원으로 영입하는 제도를 마련하였습니다.

이 제도는 우리나라 방사선의학의 발전과 학술진흥에 크게 기여하리라 믿으며 아래 내용을 참고하시어 많

은 신청 있으시길 바랍니다.

─ 아 래 ─

1. 입 회 자 격:방사선의학 관련 학문을 전공하는 박사학위 소지자 또는 이와 동등한 자격의소지자로서 대

한방사선의학회 정회원의 추천을 받은자

2. 의 회 자 무:소정의 회비를 납부하여야 회원으로 유지 가능

1) 입회비 - 100,000원

2) 년회비 - 05 0 , 0 0 0원

3. 혜 회 자 택 1) 각종 학술대회 참석

2) 학회지(년 1 2회 발간) 무료 배포

3) 학회에서 모든 행사 및 각종 정보 제공

4) 학회에서 발행한 각종 간행물 배포

5) 권리제한 내용을 제외한 모든 사항은 정회원과 동일함.

4. 권 리 제 한: 발언권은 주어지나 선거권, 피선거권 및 의결권이 제한됨

5. 제 출 서 류:1) 입회 신청서(소정 양식 5 36page  참조)

2) 이력서 및 자기 소개서

전공분야 및 주요 경력이 포함되어야 합니다.

6. 기 리 제 타: 제출된 입회 신청서의 각종 서류를검토하여 이 사회에 승인 후 개별 통보합니다.

회원으로 초빙합니다


