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Clinical Features and Treatment Outcomes of Acute Multiple 
Thoracic and Lumbar Spinal Fractures : A Comparison of 
Continuous and Noncontinuous Fractures
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Objective : The treatment of multiple thoracolumbar spine fractures according to fracture continuity has rarely been reported. 
Herein we evaluate the clinical features and outcomes of multiple thoracolumbar fractures depending on continuous or 
noncontinuous status. 
Methods : From January 2010 to January 2016, 48 patients with acute thoracic and lumbar multiple fractures who underwent 
posterior fusion surgery were evaluated. Patients were divided into two groups (group A : continuous; group B : noncontinuous). We 
investigated the causes of the injuries, the locations of the injuries, the range of fusion levels, and the functional outcomes based on 
the patients’ general characteristics.
Results : A total of 48 patients were enrolled (group A : 25 patients; group B : 23 patients). Both groups had similar pre-surgical 
clinical and radiologic features. The fusion level included three segments (group A : 4; group B : 5) or four segments (group A : 19; 
group B : 5). Group B required more instrumented segments than did group A. Group A scored 23.5 and group B scored 33.4 on the 
Korean Oswestry Disability Index (KODI) at the time of last follow-up. In both groups, longer fusion was associated with worse KODI 
score. 
Conclusion : In this study, due to the assumption of similar initial clinical and radiologic features in both group, the mechanism 
of multiple fractures is presumed to be the same between continuous and noncontinuous fractures. The noncontinuous fracture 
group had worse KODI scores in long-term follow-up, thought to be due to long fusion level. Therefore, we recommend minimizing 
the number of segments that are fused in multiple thoracolumbar and lumbar fractures when decompression is not necessary.
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INTRODUCTION

Continuous multiple vertebral fracture is a fracture type in-

volving more than two consecutive fractured vertebral seg-

ments, while non-continuous multiple vertebral fracture 

composed of fractures separated by normal vertebral seg-

ments23). In the thoracic and lumbar spine, most multiple ver-

tebral fractures occur due to high-energy trauma resulting in 
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unstable fractures and necessitating surgical fixation to obtain 

stability of the compromised segment23). However, it is as-

sumed that multiple thoracic and lumbar spine fractures ac-

cording to fracture continuity differ from each other depend-

ing on the cause of injury, fracture morphology, level of 

fracture, and prognosis9). Most acute multiple unstable thora-

columbar fractures patients without osteoporosis undergo 

surgical treatment in order to maintain stability of the verte-

bral column, but their surgical option is subjected to long seg-

ment fixation, often resulting in postoperative complications 

such as limitations of spinal motion, failure of instrumental 

devices. Noncontinuous thoracic and lumbar spine fractures 

are rare and the literature reporting this subject is more scarce 

compared to that reporting continuous fractures. As usual, in 

the case of multiple thoracolumbar fractures, the surgeon de-

cides upon the fixation level and extent depending on the pa-

tient’s neurologic status and spinal instability corresponding 

to the fractures. The optimal approach to the management of 

these patients has yet to be recognized.

As such, we aimed to retrospectively analyze patients with 

multiple thoracic and lumbar spine fractures with regard to 

fracture continuity. The patient demographic findings, cause 

of injury, radiologic findings, fracture classification, surgical 

findings, and prognosis were included. The main purpose of 

this study was to evaluate the clinical features of multiple tho-

racolumbar spinal fractures and compare the surgical effects 

according to fracture continuity.

MATERIALS AND METHODS 

Patients
This study was approved by Ewha Womans Mokdong Hos-

pital Bioethics Commitee (IRB no. 2018-05-16-0012). We ret-

rospectively analyzed 48 patients among 85 patients who were 

diagnosed with acute multiple thoracic and lumbar fractures 

and who underwent surgery between January 2010 and Janu-

ary 2016 in our hospital. Eligible patients were those with 

acute multiple unstable thoracic and lumbar fractures unre-

lated to osteoporosis who were surgically treated and observed 

for more than 2 years. The osteoporotic fractures patients 

were excluded and the criteria for osteoporotic fractures were 

as follows 1) older than 50 years of age, 2) having a history of 

osteoporotic compression fracture, and 3) less than -2.5 score 

in bone mineral density. 

Study participants were classified into two groups based on 

fracture continuity. The patients with continuous fractures 

was defined as group A (continuous type; 25 patients) and the 

patients with fractures separated by normal vertebral seg-

ments were defined as group B (non-continuous type; 23 pa-

tients). 

Methods
Demographic findings including sex, age, cause of injury 

were examined. Radiologically, the locations of the injured 

vertebrae and the number of injured segments as well as the 

type of injury were investigated. The main fracture of the in-

jury was defined as a fracture, distraction, or dislocation that : 

1) appeared to be most unstable on the plain radiographs, 

computed tomography (CT), and magnetic resonance imag-

ing (MRI) scans or 2) was associated with a neurological defi-

cit. The minor fractures of injury were relatively more stable 

than the major fracture by radiographic criteria and were not 

related or were less-related with neurological status. For the 

type of injury, McAfee’s classification was applied (e.g., wedge 

compression fracture, stable burst fracture, unstable burst 

fracture, Chance fracture, flexion distraction injury, Transla-

tion injury)17). According to McAfee’s classification, the differ-

ence between stable burst fracture and unstable burst fracture 

was the presence of injury of vertebral posterior column17).

The ranges of instrumentation, neurologic status, function-

al outcome, pain, and complications were investigated. Neu-

rologic status was evaluated by using the American Spinal In-

jury Association (ASIA) scale. A visual analogue scale (VAS; 

10 points) and the Korean Oswestry Disability Index (KODI) 

were used for determining functional outcome, which con-

sisted of 10 sections such as pain intensity, personal care (i.e., 

washing, dressing), lifting, walking, sitting, standing, sleeping, 

social life, and traveling and ranged in possible score from  

0 (no pain, healthy) to 5 (most severe pain) points11,12). KODI 

was measured 1 month after surgery for the first time and 

then at 6-month intervals.

Continuous fractures were fixed to one or two segments be-

low the unstable fracture. In noncontinuous fracture patients, 

if one of the upper or lower fractures was unstable and con-

tributed to a neurological deficit while the others were stable, 

the most compromising fracture was fixed and the others 

were treated conservatively. When all fractures were consid-
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ered to contribute to neurologic deficit(s) and instability, all 

injured segments were instrumented.

The clinical results of the two groups were compared and 

analyzed. The analysis was conducted via the Statistical Pack-

age for the Social Sciences version 21.0 (SPSS) software pro-

gram (IBM Corp., Armonk, NY, USA) using an independent 

samples t-test and bivariate correlation analysis, chi-squared 

test, and one-way analysis of variance. Statistical significance 

was considered to be when the p-value was less than 0.05. 

RESULTS

Study participant ages ranged from 18 to 50 years (mean, 

35.4±11.3 years) (Table 1). The average age of group A (contin-

uous fractures) was 31.4 years and the male to female ratio was 

2.57 : 1 (18 males and seven females). In group A, there were 14 

cases of motor vehicle accident, seven cases of falling from a 

large height, two cases of direct injury due to being hit by an 

object, and four cases resulting from other causes. Most cases 

in this group were the result of a high-energy injury such as a 

motor vehicle accident or a fall from a large height (23 cases; 

92%), while two cases (8%) involved lower-energy injuries. 

The main fractures in group A included 16 cases at the thora-

columbar junction and four cases and five cases of above and 

below the thoracolumbar junction (T10–L2), respectively. 

Most of the multiple fractures in the thoracic and lumbar ver-

tebrae were more frequently concentrated in the thoracolum-

bar area in both groups, regardless of fracture continuity 

(31/48 cases; 62.5%).

In group B (noncontinuous fractures), the mean age of the 

included patients was 36.3 years. Sixteen cases were present in 

males and seven in females. In group B, 14 cases were due to 

motor vehicle accidents, six were from falling from a large 

height, and three were from other injuries. Fractures resulting 

from a high-energy impact accounted for 86.9% of all cases (20 

cases). The number of high-energy-related injuries in group B 

was smaller than that in group A. Furthermore, those in group 

A were relatively younger as compared with in group B (31.4 vs. 

36.3 years). In assessing whether there was a statistically signifi-

cant difference in age and high-energy-related injury between 

the two groups, a Student’s t-test revealed p-values of 0.115 and 

0.128, respectively. Thus, there was no statistical difference not-

ed in age or cause of high-energy injury between the groups 

Table 1. Demographics, location, and causes of multiple thoracolumbar vertebral fractures

Group A (contiguous type) Group B (noncontiguous type) p-value

Case 25 23

Sex (M : F) 18 : 7 16 : 7

Mean age (years) 31.4±11.3 36.3±15.4 0.115

Causes of injury 0.128

Traffic accident 14 14

Pedestrian 9 7

Driver or passenger 5 7

Fall down 7 6

Above 2 story height 5 4

Below 2 story height 2 2

Others 4 3

Location of main fracture* 0.152

Above T-L junction 4 3

T-L junction (T10–L2) 16 15

Below T-L junction 5 5

Initial neurologic status (ASIA)

A : B : C : D : E 7 : 8 : 5 : 5 : 0 4 : 5 : 6 : 8 : 0 0.085

*Location of main fracture was shown Tables 4 and 5 in detail. M : male, F : female, T-L : thoracolumbar, ASIA : American Spinal Injury Association
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(Table 1).

In this study, there was no ASIA grade E for initial neuro-

logic status in either group. Group A consisted of seven pa-

tients with ASIA grade A, eight with grade B, five with grade 

C, and five with grade D. On the other hand, group B included 

four with ASIA grade A, five with grade B, six with grade C, 

and eight with grade D. Group A contained more neurologi-

cally compromised patients than did group B, although there 

was no statistical difference (p=0.085).

The number of multiple fractured vertebral segments was 

15 cases with two fractures (60.0%), eight cases with three 

fractures (32.0%), and two cases with four fractures (8.0%) in 

group A and 17 cases with two fractures (73.9%), five cases 

with three fractures (21.7%), and one case with four fractures 

(4.3%) in group B. Base on this, there was no statistically sig-

nificant difference in the number of fractures between the 

two groups (Table 2). Separately, the kyphotic angle and lum-

bar lordosis were 27.4°±14.9° and 22.4°±12.1° in group A and 

25.5°±13.0° and 23.5°±15.7° in group B, with no statistically 

significant difference (p=0.254 and p=0.325).

According to McAfee‘s classification, various fracture mor-

phologies were observed regarding the combination of the 

main fracture and minor fractures, as follows : unstable burst-

compression, distraction-compression, chance fracture-com-

pression, translation-compression, unstable burst-unstable 

burst, unstable burst-distraction, and translation-unstable 

burst (Table 2). The most common types of major fractures 

were burst fractures in both groups (30/48; 62.5%). The inci-

dence of burst fracture was 64.0% (16/25) for group A and 

60.1% (14/25) for group B, followed by distraction injury in 

eight cases (16.7%), translation in eight (16.7%), and chance 

fracture in three (6.3%). Group B had no unstable burst–dis-

traction or unstable burst–translation type fractures.

The minor fractures were predominantly compression frac-

tures in 18 patients (37.5%, nine in group A, seven in group B). 

There was no difference in prevalence between the two groups 

according to the type of fracture (p=0.157).

The extent of fixation performed during operation in group 

A was four cases involving three segments, 19 cases involving 

four segments, one case involving five segments, and one case 

Table 2. Radiologic features of multiple thoracolumbar vertebral fractures

Group A (contiguous type) Group B (noncontiguous type) p-value

Numbers of fractures

2 segments 15 17

3 segments 8 5

4 segments 2 1

Numbers of instrumented vertebral segment

3 segments 4 5

4 segments 19 5

5 segments 1 10

6 segments 1 3

Kyphotic angle (°, T10–L2, mean) 27.4±14.9 25.5±13.0 0.254

Lordosis (°, T12–S1, mean) 22.4±12.1 23.5±15.7 0.325

Morphology of fracture* 0.157

Unstable burst-stable burst 7 8

Distraction+compression 5 3

Chance+compression 1 2

Translation+compression 3 4

Unstable burst+unstable burst 7 6

Unstable burst+distraction 1 0

Unstable burst+translation 1 0

*Combination of multiple fracture (main fracture+minor fracture)
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involving six segments. In group B, three segments were fixed 

in five cases, four segments were fixed in five cases, five seg-

ments were fixed in 10 cases, and six segments were fixed in 

three cases. Of note, the number of instrumented vertebral 

segments in group B (noncontinuous fractures) was higher 

than that in group A (continuous fractures). There were four 

cases in which iliac screws were inserted for fixation (one in 

group A and three in group B).

The preoperative VAS score was 8.4 points in group A and 

7.5 points in B group, while the VAS score at the time of last 

follow-up was 3.4 points in group A and 2.8 points in group B. 

There was no statistical difference (p=0.386) (Table 3).

Clinical evaluation using the KODI showed an average of 

23.5 points in group A and 33.4 points in group B at the time 

of last follow-up. KODI score improved more so in group A 

from 45.3 to 23.5 versus from 42.8 to 33.4 in group B. Upon 

comparing the mean KODI between the two groups, group A 

showed better clinical outcomes than did group B, which were 

statistically significant (p=0.018).

The higher the number of fractured segments in each 

group, the less clinical result was as presented via KODI score. 

This finding was statistically significant (p=0.035) according 

to Pearson's correlation.

Neurologically, both groups showed postoperative improve-

ment as compared to their initial post-traumatic state. In 

group A, initially, the distribution of ASIA scale was seven pa-

tients with grade A, eight with grade B, five with grade C, and 

five with grade D but three with grade A, four with grade B, 

three with grade C, nine with grade D, and two with grade E 

at the time of last follow-up. In group B, initially, the distribu-

tion of ASIA scale was four with grade A, five with grade B, 

six with grade C, and eight with grade D, and but two with 

grade A, four with grade B, three with grade C, 10 with grade 

D, and four with grade E at the time of last follow-up. Surgical 

complications were found in five cases (two cases in group A 

and three cases in group B; 10.4%) (Table 3).

Radiologic data of each group were shown in Tables 4 and 5. 

Group A had 24% (6/25 cases) extraspinal injuries, such as rib 

fractures, hemothorax, radius fracture, humerus fracture, and 

intraabdominal bleeding. Extraspinal injuries of group B were 

26% (6/23 cases) and each injury was similar in content (Tables 4 

and 5). In both group, seven cases (14.6%, 7/48 cases) were associ-

Table 3. Comparison of postoperative and clinical change between patients with continuous and noncontinuous multiple thoracolumbar vertebral fractures

Group A (contiguous type) Group B (noncontiguous type) p-value

Kyphotic angle (T10–L2, mean)

Preoperative 27.4±14.9 25.5±13.0

Postoperative 22.4±12.1 23.5±15.0

Lordosis (T12–S1, mean)

Preoperative 13.4±11.2 11.8±10.5

Postoperative 31.4±14.2 30.1±9.5

VAS 0.386

Preoperative 8.4 7.5

Postoperative 3.4 2.8

Korean ODI

Preoperative 45.3 42.8

Postoperative 23.5 33.4 0.018

Initial neurologic status (ASIA)

A : B : C : D : E 7 : 8 : 5 : 5 : 0 4 : 5 : 6 : 8 : 0

Last F/U neurologic status 

A : B : C : D : E 3 : 4 : 3 : 9 : 2 2 : 4 : 3 : 10 : 4

Surgical complication* (10.4%) 2 3

*Instrument failure, epidural hematoma, and wound infection etc. VAS : visual analog scale, ODI : Oswestry disability index, ASIA : American Spinal 
Injury Association, F/U : follow up 
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ated with cervical vertebral fractures (three cases : group A; four 

cases : group B) (Tables 4 and 5).

In group A (continuous fracture), there were 12 cases (48%) 

in which minor fractures were not included into instrumenta-

tion, and 13 cases (52%) in which minor fractures were in-

cluded (Table 4).

In group B (noncontinuous fracture), there were 13 cases 

(56.5%) which had one intervening normal vertebra, six cases 

(26.1%) which had two intervening normal vertebrae, two 

cases (8.7%) which had three intervening normal vertebrae, 

and two cases (8.7%) which had four intervening normal ver-

tebrae (Table 5). Six cases (26.1%) did not included all inter-

vening normal vertebrae and 19 (82.6%) cases were instru-

mented including all intervening normal vertebrae. Separate 

fusion was one case (Thoracic 8, Lumbar 1 fractures), in 

which T7–9, T12–L2 were both unstable burst fracture and 

fused for each of fracture because of avoiding long fusion.

Group A (continuous fracture) had 62 fractures and 84 ver-

tebral segments fusions. In contrast, group B (noncontinuous 

fracture) had 54 fractures and 98 vertebral segments fusions.

DISCUSSION

Traumatic multiple spine injury with poly-trauma involves 

multiple injuries of varying severity5,6). In addition to the spi-

Table 4. Radiologic data of multiple continuous thoracolumbar vertebral fractures

Age Sex Cause Main Fx Fx sites
Fusion 
range

N. of Fx
N. of 

fusion
Cervical Fx Extraspinal injury

1 34 M MVA T8 T7, T8 T7–9 2 3 Rib Fx, Radius Fx, SAH

2 36 F MVA L2 L1, L2 L1–3 2 3

3 50 M Fall L2 L2, L3 L2–4 2 3 C5 body

4 45 M Fall L1 T11, T12, L1 T12–L2 3 3 Intraabdominal bleeding

5 34 M MVA L4 L3, L4 L3–5 2 3

6 55 M Other L2 T12, L1, L2 L1–3 3 3 Rib Fx, Sternum Fx

7 50 F Fall L1 T12, L1 T12–L2 2 3

8 46 F MVA L1 T12, L1 T11–L2 2 4

9 43 M MVA T12 T11, T12 T11–L1 2 3

10 26 F Fall L1 T11, T12, L1 T12–L2 3 3

11 33 M MVA T7 T6, T7 T5–T7 2 3 C6 body Rib Fx, Hemothorax

12 29 F MVA L1 T12, L1 T11–L2 2 4

13 41 F Fall L1 T12, L1 T11–L2 2 4

14 36 M MVA L1 T12, L1 T11–L2 2 4

15 37 M Fall T10 T10, T11 T9–T11 2 3

16 50 F MVA L2 T11, T12, L1, L2 L1–3 4 3 Femur neck Fx

17 20 M MVA L5 L4, L5 L3–IL 2 5

18 29 M MVA T12 T12, L1 T12–L2 2 3 Humerus Fx

19 32 M Fall L2 T11, L2 T11–L3 2 3

20 38 M Other L1 T11, T12, L1 T11–L2 3 4

21 41 M MVA T12 T10, T11, T12, L1 T12–L2 4 3

22 40 M MVA L4 L2, L3, L4 L3–L5 3 3

23 42 M MVA L2 T12, L1, L2 L1–L3 3 3

24 32 M Other T12 T10, T11, T12 T11–L2 3 4 C5 lamina

25 33 M Other T12 T10, T11, T12 T11–L2 3 4

Fx : fracture, M : male, MVA : motor vehicle accident, SAH : subarachnoid hemorrhage, F : female
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nal fracture and/or dislocation, there may be spinal cord inju-

ry with neurologic deficit, head injury, injuries to extremities, 

and injuries to thorax or intra-abdominal organ5,6).

According to Heidari et al.6), 3.48% of total registered trau-

ma patients had a traumatic spinal fracture to the spinal col-

umn and among spinal fracture patients, 27.6% had associat-

ed non-spinal injuries. Of all patients with associated injuries, 

74.3% had associated extremity injuries, and 32.2% had head, 

thorax or abdomen injuries. The most common region of spi-

nal fracture was the lumbar region (53.63%), followed by the 

thoracic (22.78%) and then the cervical (19.22%)6). In theirs 

study, of 619 cases of spine fractures, 27 patients (4.36%) had 

multiple fractures of the spine, of which mainly were thoracic 

and lumbar spine fractures (25 cases) and then the cervical 

and lumbar spine fractures (two cases)6). Niedermeier and 

Khan19) in 2017 presented that the multiple spine fracture oc-

curred 4–8% in poly trauma patients.

In our study, 31.2% (15 of 48 cases) had extra-spinal inju-

ries, such as rib fractures, hemothorax, long bone fractures, 

intra-abdominal bleeding, intracranial lesion, etc. We ob-

served 14.6% associated cervical fractures (seven of 48 cases) 

in multiple thoracolumbar fractures.

Calenoff et al.1) in 1978 defined a noncontinuous multiple 

vertebral fracture to be a fracture of the vertebral body at two 

different levels with an interval of more than three normal 

vertebrae in between. However, Powell et al.20) in 1989 sug-

gested that the existence of even a single normal vertebral 

body between the fractured vertebrae could be considered as a 

Table 5. Radiologic data of multiple noncontinuous thoracolumbar vertebral fractures

Age Sex Cause Main Fx Fx sites

N. of 
intervening 

normal 
vertebra

Fusion range N. of Fx
N. of 

Fusion

N. of fused 
intervening 

normal 
vertebra

Cervical 
Fx

Extraspinal 
injury

1 34 M MVA T12 T10, T12 1 T10–L1 2 4 1

2 36 F MVA L3 L1, L3 1 L1–L4 2 4 1 Rib Fx

3 50 M MVA L4 L2, L4 2 L1–L5 2 5 2

4 45 M Fall L1 T11, T12, L2 1 T11–L2 3 4 1

5 34 M MVA L5 L3, L5 1 L3–IL 2 5 1

6 55 M Fall T11 T6, T11, T12 2 T10–L1 3 4 1

7 50 F Fall L2 T10, L2 3 T12–L3 2 4 1 Tibia Fx

8 46 F MVA L2 T12, L2 1 T12–L3 2 4 1

9 32 M Other L2 T11, L2 2 T10–L3 2 5 2

10 26 F MVA L1 T10, T12, L1 1 T11–L3 3 5 1 Rib Fx

11 33 M Fall T12 T10, T12 1 T10–L2 2 4 1

12 29 F MVA L1 T8, L1 4 T12–L3 2 4 1 C5,6 body Rib Fx

13 41 F MVA L4 T12, L4 3 L3–S1 2 4 1

14 36 F MVA T12 T12, L3 2 T11–L3 2 5 2

15 37 M MVA T12 T10, T12 1 T10–L2 2 5 1 C4,5 body

16 50 M MVA L3 T11, T12, L3 2 L2–L5 3 5 2

17 46 M Fall L5 L2, L5 2 L4–S1 2 3 2 Radius Fx

18 29 M MVA L2 T12, L2 1 L1–L4 2 4 1

19 39 M MVA L1 T8, L1 4 T7–9, T12–L2* 2 3 2 C5 lamina

20 38 M MVA T8 T6, T8, T9 1 T7–T10 3 4 1

21 41 M Fall T12 T10, T12, L1 1 T11–L3 3 5 1 Hemothorax

22 44 M Other L2 T10, T12, L1, L2 1 T12–L4 4 5 0 C6 spinous Skull Fx

23 36 M Other T12 T10, T12 1 T10–L1 2 3 1

*Separate fusion. Fx : fracture, M : male, MVA : motor vehicle accident, F : female
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noncontinuous multiple vertebral fracture. The incidence of 

noncontinuous multiple vertebral fractures has been reported 

to range from 1.6% to 16.7%7,8,23).

Regarding the pathogenesis of noncontinuous fracture, 

some authors have claimed that a concentration of force might 

result in a severe vertebral fracture in one area and secondary, 

less severe fracture(s) in another area due to the action of sec-

ondary force7,22). Therefore, it was presumed that relatively sta-

ble fracture(s) occur in the other vertebrae because the force is 

dispersed to various spine regions7). Some authors have re-

ported that noncontinuous multiple vertebral fractures are 

mostly caused by external forces and tend to have osteoporosis 

as a contributing factor, while continuous multiple vertebral 

fractures have been reported to be caused by high-energy 

trauma3,9).

Dai and Jia3) in 1996 suggested that continuous multiple 

vertebral fractures have a complex mechanism and show more 

severe injury and prognosis than does a solitary vertebral frac-

ture and that a severe external force is concentrated on one 

vertebra, causing a severe fracture (i.e., a fracture that is di-

rectly related to instability or neurological signs) and a second 

fracture on the successive vertebra (i.e., a secondary fracture 

that might contribute to symptoms or neurological signs). 

However, in more recent years, it has been indicated that both 

main and minor fractures are relatively stable as a result of the 

dispersion of forces due to the multiple fractures15). But, there 

has been no consensus on the pathogenesis of noncontinuous 

vertebral fractures.

In this study, we classified a noncontinuous fracture case as 

when more than one nonfractured vertebral body was present 

between separated fractures; considering this criterion, 13 

cases had one non-injured vertebra, six cases had two, two 

cases had three, and two cases had four, respectively (Table 5, 

Fig. 1). About the fusion range of noncontinuous fracture 

group, 82.6% (19/23 cases) were cases, in which all vertebral 

fractures including intervening normal vertebrae were instru-

mented. 

In 2007, Lian et al.15) claimed that the treatment of multilevel 

noncontiguous spinal fractures requires particular attention 

and must be individualized and certain factors must be taken 

into account, such as neurological deficit, spine instability and 

deformity, and the number of intact spinal units between the 

two fractures. They also proclaimed that if one lesion is stable 

without neurological deficit, and the second is unstable or at-

tributing to neurologic deficit, only the second site was treated 

surgically and the other conservatively. In the patients that 

had a spinal cord injury corresponding to the upper level frac-

ture, the lower level was treated non-operatively only if it was 

A D E F

B

C

Fig. 1. A 32-year-old man with noncontinous thoracolumbar fractures. He fell from the second floor and the physical exam at the emergency department 
showed motor grade II below the L2 level and a tingling sensation in both lower limbs. A-C : A lumbar CT shows fractures on the T11 and L2 vertebral bodies. Axial 
CT scan shows severe canal compromise at both T11 and L2. D : MR sagittal scan demonstrates spinal canal compromise. E and F : Instrumentation and posterolat-
eral fusion of T10–L3 with posterior decompression of L2 was performed. T11 fracture had spinous process fracture and then we included T11 into instrumented 
level. CT : computed tomography, MR : magnetic resonance.
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stable and no compression of spinal cord was shown in MRI 

or CT.

Multiple vertebral fractures are most often caused by high-

energy injuries including complicated traffic accidents or falls 

from large heights22). Henderson et al.7) in 1991 and Korres et 

al.13) in 2003 also reported that traffic accidents were the most 

common cause of multiple vertebral fractures. In the present 

study, traffic accidents were the most common cause of multi-

ple vertebral fractures. Separately, in the case of a fall, the 

most frequent occurrence was a fall from the height of two 

stories. It is thought that a fall from a large height would pre-

vent the patient from receiving a spinal operation due to mul-

tiple organ injuries5,6).

The thoracolumbar spine was the most common site of 

fracture according to the injury mechanism19). In the present 

study, 31 (64.6%) of the 48 cases were located in the thoraco-

lumbar junction. The thoracolumbar junction (T11–L2) site, 

which is a biomechanically transitional zone from the stable 

thoracic spine to the flexible lumbar spine, is known to have a 

high probability of injury9,19).

Since the advent of MRI and CT scans, the delayed diagno-

sis of secondary fractures has been reduced. However, in a 

multiple vertebral fracture scenario, a fracture related to a 

neurological symptom or spinal deformity is easily diagnosed, 

but a fracture site where a neurological symptom is imposed 

or less severe may be overlooked and sometimes the diagnosis 

of other vertebral fractures is delayed14). In patients with non-

continuous multiple vertebrae fractures, the primary fracture 

site is easily diagnosed clinically and radiologically, but the di-

agnosis of secondary fractures often tends to be delayed. Ac-

cording to some reports, it took 2.8 to 52.6 days to diagnose 

the secondary fracture site8,13). The reasons for the delayed di-

agnosis of other vertebral fractures are as follows13,20). First, 

there are many cases where radiological fractures are not ob-

servable in plain X-rays. Second, radiologic studies of the up-

per-level spine are not as commonly performed. Third, there 

may be a lack of clinical experience among the involved health 

care professionals. Therefore, while it is not immediately nec-

essary, if a fracture is diagnosed at one region of the spine, ra-

diologic studies for other regions should subsequently be 

completed. A full sagittal MRI scan and radioisotopic bone 

scan may be helpful to prevent delayed diagnosis in cases of 

multiple trauma and complicated injury10).

There were no demographical or initial clinical differences 

relating to sex ratio, age distribution, cause of injury, or initial 

neurologic status (ASIA score) between the two groups. Ra-

diologically, the number of fractures, kyphotic angle, and lor-

dosis angle were not different between groups. However, the 

A D E F

B

C

Fig. 2. A 20-year-old man with continous thoracolumbar fractures. He injured from traffic accident. The physical exam at the emergency department showed 
motor grade III below the L4 level and a tingling sensation in both lower limbs. A-C : A lumbar CT and MRI show stable burst fracture and unstable burst fractures 
on the L4, L5 on each other. Axial CT scan shows severe canal compromise at L5. D : MR sagittal T2 scan demonstrates cauda equina compression and instability.  
E and F : Instrumentation from L3 to pelvis and posterolateral fusion with posterior decompression of L5 was performed. We could reduce instrumentation level 
by inserting screws into L4 fractured vertebral body. CT : computed tomography, MR : magnetic resonance, MRI : magnetic resonance imaging.
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number of instrumented vertebral segments in group B (non-

continuous fractures) was higher than that in group A. Here, 

it is presumed that there existed nonfractured segments in-

between and these segments were included to be fixed. Pa-

tients with noncontinuous fractures often require long seg-

ment instrumentation so as to include all fractures in order to 

obtain firm stabilization.

In this study, burst type fractures were overwhelmingly the 

most common, followed by distraction injury, translation in-

jury, and chance fracture, respectively, in both groups (Fig. 2). 

The distribution of fracture type was similar. As such, the 

mechanism of multiple fractures is presumed to be the same 

between continuous and noncontinuous fractures.

Powell et al.20) reported that surgical treatment is mandatory 

for all fractured vertebral segments in noncontinuous multi-

ple vertebral fractures. Conversely, though, Lian et al.15) in 

2007 emphasized that one fracture does not affect the other 

fracture site and that the extent of instrumentation should be 

selected according to the degree of spinal instability, type of 

fracture, and level of vertebral deformity. Although long-seg-

ment fixation can maintain firm stability in the immediate 

postoperative period, such may cause degenerative changes in 

the adjacent segments and decrease the vertebral motion due 

to a reduction in the motion segment. This could eventually 

cause discomfort in the activities of daily life due to limita-

tions of motion after long fusion21).

In this study, both groups A and B had similar clinical and 

radiologic features, although group A was comprised of neu-

rologically slightly worse patients than group B based on ASIA 

scores, group A ultimately also had better clinical outcomes in 

terms of activities of daily life in long-term follow-up KODI 

scores. The number of instrumented segments in group A was 

less than that in group B and the clinical features in group A 

improved more during the long-term period. But, some au-

thors suggested that long-term clinical result affected from 

not only surgical fusion option but also initial neurologic in-

jury, kyphotic deformity, combined extraspinal injury, neuro-

pathic pain3,7,9).

Therefore, considering the relatively young age and the 

quality of life after surgery of patients with multiple vertebral 

fractures, it is advisable to perform short-segment fixation 

rather than long-segment fixation18).

Meanwhile, spine surgeons have been trying to reduce fixed 

segments18). As part of this, if a vertebral body fracture but in-

tact pedicle is well-established, then short-segment fixation 

rather than long-segment fixation is preferable because addi-

tional fixation can be obtained through insertion into intact 

pedicles in spite of the existence of the vertebral body fracture4). 

According to Chen et al.2), Guven et al.4), and Liu et al.16), 

through research of the changes in vertebral height and sagittal 

index, there was no difference noted in the fixation strength 

between short-segment fixation, including screw fixation into 

the fractured vertebral body via intact pedicle, and long-seg-

ment fixation. The incidence of complications including pul-

monary embolism, instrument failure, respiratory distress syn-

drome, postoperative delirium, epidural hematoma, infection, 

and neurological injury tends to increase in long-segment fixa-

tion than short-segment fixation. Thus, it is advisable that sur-

geon efforts be focused on reducing the length of segment fixa-

tion16,21).

However, if decompressive laminectomy or a highly unsta-

ble or severely deformed spine is suspected, it is necessary to 

consider using long-segment fixation depending on the char-

acteristics of each fracture, the stability of the spine, and to 

identify the proper fixation range rather than simply adopting 

a typical short-segment fixation approach16,21).

In our study, surgical complications including instrument 

failure, epidural hematoma, and wound infection were rela-

tively similar among both groups.

The main disadvantage of this study is the retrospective 

study. A limitation of this study include that most of the frac-

tures due to trauma occurred at relatively young ages and 

bone density was not measured in all patients, so the possibili-

ty of osteoporotic vertebral fracture was not accurately ex-

cluded. Due to various fracture morphologies, kyphosis, neu-

rologic status and surgical option, it was difficult to conclude 

preliminary assumption that continuous fracture group had 

better clinical outcomes in terms of activities of daily life in 

long-term follow-up.

The number of cases was small and the follow-up periods 

were relatively short to successfully obtain statistically signifi-

cant conclusions. It is expected that more patients will be 

studied in the future and more meaningful results will be ob-

tained if additional studies are conducted on the results of ra-

diological evaluation as well as clinical evaluation.
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CONCLUSION

There were no significant differences in demographic find-

ings, the type of fracture, the number of fractures, kyphosis, 

lordosis, or complications between the continuous and non-

continuous vertebral fracture groups, but the numbers of in-

strumented segments and long-term clinical functional as-

sessment showed better results in the continuous group. 

Considering the relatively young age and the quality of life af-

ter surgery of patients in multiple vertebral fractures, it is ad-

visable to perform short-segment fixation rather than long-

segment fixation whenever possible.
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